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 A control of the greenhouse when it is connected to the photovoltaic generator is described 
in this paper. The greenhouse is modulated by differential equations while the temperature 
and humidity are regulated using the fuzzy logic controller. The photovoltaic system can 
supply maximum power for a specified voltage and output current. In addition, the fuzzy 
logic method is used to follow the maximum power point (MPPT) of a photovoltaic system. 
Our system consists of a solar module, a DC/DC converter with MPPT control, a DC/AC 
inverter and a three-phase induction motor. In addition, a direct torque control (DTC) of 
the induction machine which is utilized to control the ventilation flow rate. The state of 
control is displayed through the simulation results performed with Matlab / Simulink. 
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1. Introduction 

Renewable energies provide an alternative option because they 
can replace conventional resources in different industrial 
applications. Renewable energy is a very important factor in 
greenhouse production. Indeed, a significant amount of energy 
consumed is required for heating in winter and ventilation in 
summer. To ensure high quality agricultural production, [1] 
guarantee an optimum regulation of greenhouse climate in an 
ecological and energy-saving way. The main purpose of a 
greenhouse is designed primarily to regulate its indoor climate to 
optimize crop production and protect plants [2]. The temperature 
and humidity are regarded both as important control elements [3]. 
A great deal of research on the control of greenhouse climates was 
presented in [4]. 

Some of the causes of the difficulties in controlling 
greenhouses are the complexity of a physical greenhouse model as 
well as the relation between the control actions and the processes 
that will be controlled. Heating, ventilation, humidification and 
dehumidification systems are designed to regulate the climate 
inside the greenhouse and to prolong production all year round. 

Concerning the importance of indoor temperature and 
humidity, numerous regulation techniques such as the neural, 
fuzzy and adaptive regulation for optimizing the greenhouse 
environment have been used [5-7]. A PI technique was introduced 

in [8]. A neural network method was developed in [9] for the 
greenhouse system's complexity. [10, 11] was designed a 
regulation of the humidity and temperature in greenhouse by 
means of the fuzzy logic controller. Description of the Takagi-
Sugeno method of air temperature control has been provided in 
[12]. [13] was based on predictive control. 

For the intensive energy consumption in an agricultural 
greenhouse, it is important to find ways to reduce this 
consumption. In the following, a contribution to the management 
of energy consumption in an agricultural greenhouse through a 
photovoltaic ventilation system is proposed. 

In recent years, a rapid development in the industrial uses of 
DTC technology has been demonstrated. The reasons for this are 
its rapid torque response, its easiness and robustness in response to 
changes in rotor parameters. As compared to the vector control 
diagram, DTC has delivered the same high performance dynamics 
with a simplified controller design as indicated in [14]. Therefore, 
we have chosen this method to control the ventilation motor. 

The principal aim of this work is to contribute a high-tech 
control method and to ensure an appropriate greenhouse climate 
with lower energy consumption. First of all, a photovoltaic system 
will be developed. In a second step, we will present the greenhouse 
physical model. Then, we will introduce the fuzzy logic regulator 
used to control the indoor air temperature and relative humidity. A 
PV generator system is used to supply the ventilation motor via a 
DTC control using Matlab/Simulink software. 
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2. Photovoltaic modelling 

Photovoltaic solar energy is an advantageous technology that 
has several benefits: the availability also in rural areas and the ideal 
conditions for an environmentally sustainable and efficient 
greenhouse. 

2.1 Photovoltaic panel modelling 

A suitable solution for the production of all the power required 
by the photovoltaic generator.  A Matlab / Simulink modelling of 
the different parts of the system used. In general, the photovoltaic 
cell model is generally shown as a simplified circuit model 
equivalent, as illustrated by Figure 1, the equation is represented 
as follows [15]. 

ph d shI I I I= − −                                                          (1) 

phI  : Photocurrent independent of pvV  (or sR ), it is 
proportional to the incident flux (recombination generation rate) 
and diffusion lengths of the carriers, so it is linearly dependent on 
solar radiation and impacted by the temperature according to the 
following equation: 

( )ph sc L p ref
r

sI I k T T
s

 = + × − ×                               (2) 

𝑘𝑘𝐿𝐿: the short-circuit current coefficient / temperature 

Where 𝑇𝑇𝑟𝑟𝑟𝑟𝑟𝑟 reference temperature, pT is the actual temperature  

S characterize the cell surface irradiation, (1000W/m2 is the 
nominal irradiation) 

𝐼𝐼𝑠𝑠ℎ: Current flowing through𝑅𝑅𝑠𝑠ℎ, if 𝑅𝑅𝑠𝑠ℎis very high, it becomes 
very low is independent of the voltage, and is given by: 

pv s
sh

sh

v I R
I

R
+ × 

=  
                                                     (3) 

exp 1e pv
d

p

q V
I Is

A K T

  ×
= −  

× ×                                           (4) 

𝐼𝐼𝑠𝑠  Diode reverse saturation current, and it is given by: 

3

1 1exp
cA

p e gap
s Rs

ref c ref p

T q E
I I

T A K T T

 
  
      ×

= × −       ×          (5) 

RsI : Saturation current, and it is given by: 

exp 1

sc
Rs

e oc

c ref

I
I

q V
A K T

=
 ×

−  × × 

                                      (6) 

Let us replace in equation (1) equations (3) and (4), the 
characteristic equation will become: 

( )
exp 1e pv s pv s

ph s
p sh

q V I R v I R
I I I

A K T R

  × + × + ×   = − − −   × ×     
(7) 

With: 

cA : The cell ideal factor which can be determined by the 
recombination mechanisms in the Load zone of space 

eq : is the electron charge (1.6025 x 10~19c) 

K: is the Boltzmann constant (1.38 10-23J/K). 

 
Figure 1: Electric model of the PV cell 

The PV module configuration (Kaneka D-SA060) is associated 
in series (4 modules) and placed in parallel (7 modules). Table 1 
summarises the photovoltaic generator parameters. [16]: 

Table 1: Kaneka GSA060 value parameters 

Parameters  Values 

Maximum Power 
𝑃𝑃𝑚𝑚𝑚𝑚𝑚𝑚  

60W (+10/-5%) 

Cells per Module  61 
Voltage (𝑃𝑃𝑚𝑚𝑚𝑚𝑚𝑚) 67V 

Current ( 𝑃𝑃𝑚𝑚𝑚𝑚𝑚𝑚) 0.91 A 

OC voltage ( 𝑉𝑉𝑜𝑜𝑜𝑜) 91.8 V 
SC Current ( 𝐼𝐼𝑜𝑜𝑜𝑜) 1.19 A 
Shunt Resistance 𝑅𝑅𝑠𝑠ℎ 254.8279 ohm 
Series Resistance 𝑅𝑅𝑠𝑠 16.135 ohm 

 
The system studied is composed by the PV generator and the 

DC-DC converter. DC-DC converter is controlled by the duty 
cycle generated by MPPT command based on fuzzy method. The 
variation of solar radiation and outdoor temperature that was 
measured on March 11th is shown in Figures 2 and 3. 

 
Figure 2: The radiation profile (11/03) 

http://www.astesj.com/


J. Manel et al. / Advances in Science, Technology and Engineering Systems Journal Vol. 4, No. 5, 384-393 (2019 

386 
www.astesj.com   

 
Figure 3: The profile of the outside temperature (11/03) 

2.2 DC-DC boost converter modelling 

The Boost converter is utilized in this task to augment the 
output voltage in relation to input voltage. Similarly, we also use it 
follow PPM tracking from the proposed control [17]. 

( )

0

0

1
1

1

in
boost

boost L

v v

I I

α

α

  
=  −  

 = −
 

With
   

0 1boostα< <
 

 

Figure 4: The electric model of DC-DC boost converter 

2.3 Maximum Power Tracking Method 

To control a Boost converter, we used the Fuzzy Logic method 
as this method is very practical and requires fewer measured 
parameters. 

 The Fuzzy Logic controller  
This command is designed to track the points of the maximum 

power. This command has the advantage of being robust. There are 
three steps considered to define the fuzzy controller concept: the 
fuzzification, the inference rules and the defuzzification [18], [19]. 

• The Fuzzification 
This phase converts a physical variable into a linguistic 

variable. For every physical step, there is a degree of membership 
of a linguistic variable. 

• The Rules of inference 
This rule determines the controller's output signal in relation 

with the signals of input: those are indicated as "IF THEN". In 
fuzzy rules, operators "AND", "OR" intervene. For each rule, 
which is inserted by "THEN", the conclusion establishes a link 

between the membership factors of a premise to the membership 
function of the output variables. 

• The Defuzzification 
This step converts fuzzy output ensembles into physical 

variables suitable for such a process. Numerous defuzzification 
techniques exist, "centre of gravity" method is selected and 
described in the following equations: 

𝑥𝑥𝑜𝑜𝑜𝑜𝑜𝑜 =  ∫𝑥𝑥𝑥𝑥(𝑥𝑥)𝑑𝑑𝑑𝑑
∫𝜇𝜇(𝑥𝑥)𝑑𝑑𝑑𝑑

                                                                    (10) 

𝑥𝑥𝑜𝑜𝑜𝑜𝑜𝑜 : Output value. 𝜇𝜇: Membership degree 

• The fuzzification  
In this step, we aim at designing a fuzzy controller using 

Perturb and Observe method. 

Input variables are:  

𝐸𝐸𝑣𝑣(𝑘𝑘) = 𝑉𝑉𝑝𝑝(𝑘𝑘) − 𝑉𝑉𝑝𝑝(𝑘𝑘 − 1)                                              (11) 

𝐸𝐸𝑃𝑃(𝑘𝑘) = 𝑃𝑃𝑝𝑝(𝑘𝑘) − 𝑃𝑃𝑝𝑝(𝑘𝑘 − 1)                                              (12) 

 

Figure 5: linguistic variable Ev (k) 

 

Figure 6: linguistic variable Ep (k) 

• The inference Rules 
The inference rules are described below: 

Table 2: Rules of inference 

Rules Ep Ev D 

1 p P z 

2 p N Gp 

3 p Z p 

4 Z Z P 

5 Z N P 

6 z P p 
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7 N P Gp 

8 N N z 

9 N Z p 

• Defuzzification 
In Defuzzification we select the "centre of gravity" method that 

uses a single output variable called duty cycle D. 

 
Figure 7: The Output of linguistic variable D (k) 

 
Figure 8: Output power supplied by the PV generator 

3. Greenhouse Climate Model and Control 

3.1. Model of the greenhouse  

Inputs and outputs of a suggested model as shown in the next 
diagram. Input variables: MVα  the ventilation system, wMV  the 
heating system and fogMV the fogging system, and the measured 
perturbations of wind speed, solar radiation, outdoor humidity and 
temperature [20]. 

The outputs variables: intT indoor air temperature, intH the 
indoor relative humidity. 

 
Figure 9: Model of the Greenhouse climatic [20] 

3.2. Proposed model 

• Heat Balance 
In this section, we introduce the dynamic model of air 

temperature and thermal mass temperature inside greenhouse 
through the use of equations (1) and (9) [21]. 

( )i
i p ss cc mm sat ee nn v h

dT
v c Q Q Q C Q Q Q W

dt
ρ = − + − + − +

(1) 

Knowing that: 

0ss iQ A Sτ=
                                                                   (2) 

Equation (2) is the solar energy delivered to the air volume. 

( )cc i c i oQ A A T T= −
                                                      (3) 

Equation (3) is the energy transfer through conduction and 
convection processes. 

( )mm i m iQ A h T Tm= −
                                                  (4) 

Equation (4) is the energy exchange between the thermal mass 
and the inside air. 

ee cQ Eλ=
                                                                      (5) 

Equation (5) is the energy loss from culture evapotranspiration. 

nnQ fogλ=
                                                                     (6) 

Equation (6) is the energy loss by the nebulization. 

( )v p i oQ c G T Tρ= −
                                                      (7) 

Equation (7) is the energy exchange from window ventilation. 

max100
w

h
MV

W W=
                                                         (8) 

The energy supplied by the heating system is provided by 
equation (8). 

In addition, we describe in (9) the temperature of the thermal 
mass inside the greenhouse:   

m
i m sm mm ff

dT
AC Q Q Q

dt
= − −

                             (9) 

Knowing that:               

sm m sQ Qα=
                                                               (10) 
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Equation (10) is the energy absorbed by the thermal mass by 
day. 

m ref
ff i a

ref

T T
Q A k

Z
 −

=   
                                             (11) 

Equation (11) is the energy loss through the ground. 

• Humidity Balance  
Equation (12) determine the model of the humidity indoor the 

greenhouse [21]. 

( )i
i vv sat c

dX
V F C E fogg

dt
ρ = + +

                          (12) 

vvF is the water rate in the air change flow determined by (13): 

( )vv o iF G X Xρ= −
                                                    (13) 

cE is the crop evapotranspiration determined by (14): 

( )2

1

i n p i
c

A R L c D gwb
E

gwb
gws

ρ

γ λ

∆ +
=

   
∆ + +       

                                   (14) 

fogg  is the water rate of the fog system explained by (15): 

max100
fogMV

fogg fog
 

=  
                                          (15) 

 

Figure 10: Wind speed (11/03) 

 

Figure 11: The outside Humidity (11/03) 

 

Figure 12: The results of the air temperature indoor greenhouse (11/03) 

 

Figure 13: The results of the soil temperature indoor greenhouse (11/03) 

 

Figure 14: The results of the humidity indoor greenhouse (11/03) 

Figure 10 illustrates the wind speed as measured on March 11th, 
while Figure 11 shows the outdoor humidity as measured on the 
same date. 
Figures 12, 13 and 14 present simulation results for indoor air 
temperature, inside soil temperature (°C) and humidity (%). 
The same greenhouse climate conditions as detailed above in [22] 
were utilized. That is situated in C.R.T.EN in Tunisia. Greenhouse 
axes are aligned in parallel with the East-West orientation. Its 
dimensions are 12.5 metres long, 8 metres wide and 3 metres high. 

3.3. Fuzzy logic controller 

Fuzzy logic controller is a sturdy methodology, and its theoretical 
method of development has been viewed as an interesting solution 
for a number of different engineering problems. This is thanks to 
its remarkable properties such as ruggedness, simplicity and 
flexibility. The fuzzy command is chosen since it is well suitable 
for multivariable non-linear systems [23, 24]. The methodology is 
based on three steps: Fuzzification, inference rules and 
defuzzification [25-27].  

The principal purpose of the system is to control the climate 
inside greenhouse and to enhance its performance. 

The fuzzy controller input variables are as follows: 
Where:   

( )intint ; ; ; ;desiredT T T Nb Nm Z Pm Pb∆ = − ∈   
Outside temperature ∈ (Pm; Z; Pb) 
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( )intint ; ; ; ;desiredH H H Nb Nm Z Pm Pb∆ = − ∈  
Outside humidity ∈ (Pm; Z; Pb) 
Where: 

: _
: _

:
: _
: _

Nb Negative big
Nm Negative medium
Z Zero
Pm Positive medium
Pb Positive big









 

: _
:
: _

Pm Positive medium
Z Zero
Pb Positive big







 

There are three output variables: heating rate (Heating), 
ventilation rate (Ventilation) and humidification rate 
(Humidification). 

(Heating, ventilation) (Zero, medium, high) 
(Humidifier) (Zero, Medium, High) 

The fuzzy inference method is the Mamdani or the defuzzification 
technique used is based on the centre of gravity method. 

 

Figure 15: Membership functions of temperature error ( intT∆ ) 

 
Figure 16: Membership functions of Outside Temperature 

 

Figure 17: Membership functions of humidity error ( intH∆ ) 

 
Figure 18: Membership functions of the Outside Humidity 

 
Figure 19: Membership functions of the heating rate 

 
Figure 20: Membership functions of the ventilation rate 

 

Figure 21: Membership functions of humidifying rate 

Figures 15, 16, 17 and 18 illustrate the input variables of fuzzy 
logic regulator. 
Figures 19, 20 and 21 present the output variables of fuzzy logic 
regulator. 
 
4. DTC strategy 

The ventilation technique currently used is based on the on-off 
control [28, 29]. The major disadvantage is high energy 
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consumption. Indeed, at the beginning of the ventilator motor, a 
large quantity of energy is required to reach maximum speed to 
reduce the temperature at the desired value. Therefore, using 
variable speed ventilation rather than the on-off control is more 
energy efficient. 

In this work, a photovoltaic energy ventilation system is 
proposed, using the DTC direct torque control to regulate the 
ventilation motor as shown in Figure 22. 

We used the DTC to regulate the motor that causes the 
ventilation. The greenhouse studied is equipped with a ventilation 
system based on a three-phase asynchronous motor with nominal 
power (705w) 

Both the torque and flow technique can be changed rapidly by 
adjusting their settings. It also has high dynamic performance, a 
smaller switching frequency and consequently lower losses. This 
section focuses on a presentation about the photovoltaic ventilation 
system. This consists of a three-phase asynchronous motor with a 
fan as load torque. Such a load can be explained as a quadratic 
function [30] of motor speed as described in equation (1). 

2
m mT k w= ×

                                                              (1) 

With:  
mT  :  Mechanical torque 

mw : Motor speed  
K is the constant that can be calculated by the equation (2).  

2 2 2m n m n m nP T w= ×
                                                         (2) 

Where:  

2m nP : Mechanical power  

2m nT : Mechanical torque 

2m nw : The speed of the motor in its nominal state. 

 

Figure 22: The block diagram of DTC for three-phase (IM) drives. SVM: space 
vector modulation 

The DTC method is a technique that is utilized in variable 
frequency drives in order to regulate both the torque and the speed 
of three-phase electric motors. 

This consists of determining a magnetic flux and motor torque 
estimate from the measured motor voltage and current. The basic 
diagrams of DTC Diagram for three-phase asynchronous motors 
with a speed regulation circuit are displayed in Figure 22. 

The torque value is calculated by a proportional integral 
controller whose equation is expressed in equation (3). 

1
.ref P

i

T K W
T W dt

 
= ∆ + 

∆  ∫                                     (3) 

ΔW is used to determine the difference between the speed 
reference and the motor's actual speed. The ventilation system 
speed setpoint is coupled to an air flow rate by using the ventilator 
law through a linear formula specified by equation (4). 

3V W D= ×                                                                      (4) 

With:  
V: the requisite air flow rate; W: motor speed; D: fan diameter 

5. Simulation and discussion 

Figure 23 presents the results of the simulation of the fuzzy 
regulation of the greenhouse air temperature. There are two 
reference temperatures used as thermal conditions for optimal 
plant growth: 28°C during the day, 15°C in the night. Simulation 
results, illustrated in Figure 24, indicate that the humidity is 
maintained at about 70% of the desired value. Heating, ventilation 
and humidification rates are shown in Figures 25, 26 and 27 as 
well.  

 

Figure 23: Results of greenhouse temperature with the controller Fuzzy Logic 
(11/03) 

 

Figure 24: Results of greenhouse humidity with the controller Fuzzy Logic 
(11/03) 
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Figure 25: MVw [%] 

 

Figure 26: MVα [%] 

 

Figure 27: MVfog [%] 

 

Figure 28: The results of ventilation rate and the motor speed 

The principal contribution in this document consist on the 
development of photovoltaic energy to reduce the overloading of 
the electricity grid. On the basis of this compromise, Variable 
speed fan is introduced utilizing the (DTC) to support robust 
control of ventilation rate. Figure 28 illustrates the tracking of the 
motor speed. The results of the simulation demonstrate that the 
motor speed responds to the air flow requirements which reveal the 
robustness of the DTC controller. We observe that when the power 

delivered by the PVG is not sufficient to ensure the operation of 
the motor, the speed of the motor is returned to zero, for this 
purpose, a battery will be used in a future work to stock the energy 
by day when solar radiation is relatively high. 

6. Conclusion 

In this work, we presented a model of a PV generator. Then, 
we developed the greenhouse climate modelling using the fuzzy 
logic controller to regulate temperature and relative humidity 
indoor greenhouse. In addition, we studied the DTC regulated 
ventilation motor, which is powered by a PVG, in order to decrease 
the overconsumption of energy. The suggested approach to energy 
conservation has been built on the DTC of the variable speed 
ventilation motor system supplied by the PVG to ensure robust 
control. The simulation results show that the power delivered by 
the PVG, shown in Figure 8, reaches a 1400 Watt when radiation 
is intense. The power delivered by the PVG is sufficient to ensure 
the operation of the motor (705 W), as shown in Figure 28. The 
results achieved in this paper demonstrate the effectiveness of both 
the fuzzy controller and the DTC control. The suggested system 
aims to minimize the utilisation of use of the utility of the grid. 

Table 3: List of symbols, values and units 

A Windows area [50m²] 
A Constant for the renewal of the 

volumetric flow 
Ac Conduction and convection loss 

coefficient 
Ai Greenhouse area [100m²] 
Cm Heat capacity of the thermal mass 
Cp Heat capacity of the air [1003J Kg-

1 °C-1] 
Csat Air saturation value 
Di Water vapor deficit in air 
Ec 
 

Evapotranspiration of crops 

fogg 
 

Water flow rate of fogging system 

Fvv 
 

Water rate in the air change flow 

G 
 

Renewal air flow 

gwb 
 

Boundary-layer conductance 

gws Stomatal conductance 
hm 
 

Coefficient of conductivity between air 
and thermal mass 

Hi Indoor relative humidity 
Ho 
 

Outdoor relative humidity 

L 
 

Leaves area index 

MVfog 
 

Fogging system manipulated variable 
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MVw 
 

Variable for adjusting the heating 
system 

MVα 
 

Variable manipulated for opening 
windows 

psat Pressure of saturation 
p 
 

Pressure in the atmosphere [98.1 kPa] 

Qcc 
 
 

Conduction energy exchange and 
convection phenomena 

Qee 
 
 

Evapotranspiration of crops causes 
energy loss 

Qff 
 

Ground energy loss 

Qmm  
 

Exchange of energy with thermal mass 

Qnn 
 

Nebulization energy loss 

Qss 
 

Solar energy provided to the air volume 

Qsm  
 

Energy absorbed by the thermal mass 
by daytime 

Qv  
 
 

Energy exchange through window 
ventilation 

Rn 
 

Crop absorbs solar radiation 

So 
 

Solar radiation 

Ti 
 

Indoor temperature 

Tm 
 

Temperature of thermal mass 

To 
 

Outdoor temperature 

Tref  
 

Soil temperature at reference depth 

Vi  
 

Volume of the greenhouse [300m3] 

V Wind speed 
Wh 
 

Heating system energy 

Wmax  
 

Heating system maximum power 

Xi 
 

Absolute indoor humidity 

Xo 
 

Absolute outdoor humidity 

Xsat 
 

Absolute saturation humidity 
 

Xsat 
 

Absolute saturation humidity 
 

Zref 
 

Reference depth 

α 
 

Window opening angle 

Δ 
 

Water vapour saturation slope 

γ 
 

The psychometric constant 

λ 
 

Latent heat of vaporization 

ρ 
 

Air density [1.25 Kgair m-3] 

Τ Greenhouse transmission coefficient 
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