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Farmers and experts are continuously searching for optimal conditions
to improve the productivity of tomatoes in greenhouses. To provide an
answer to their concerns, we have developed a modeling approach to
automate the functioning of a greenhouse cultivated with tomato plants.
For the aeration, heating, and irrigation systems, we compared the
Proportional Integral Derivative (PID) controller response to the Fuzzy
logic (FL) controller response. For the aeration system, the response of
both controllers was stable, with a pick of about 1.09 for the PID
controller and zero for the fuzzy controller. Likewise, there was no
overtaking for the fuzzy controller but about 8.28% for the PID
controller. The rise time for the fuzzy controller was less than that of the
PID controller (627 s). We signaled a stable response for the PID
controller and the fuzzy logic controller for the irrigation system. The
pick and the overtake were equal to zero for the fuzzy logic controller
but were 1.28 and 28.2 s for the PID controller, respectively. In the
case of both controllers, the rise time was the same, equaling 18.3 s. The
regulation time was less than 35 s for the fuzzy logic controller and
31.1 s for the PID controller.

Abbreviations: Proportional Integral Derivative (PID), Fuzzy Logic (FL)

Introduction

automate greenhouse operations enables an

In numerous studies (Dehnavard et al, 2017;
Oboulbiga et al., 2017; Araujo et al, 2018; Ben
Aich et al,, 2019; Ben Aich, 2020), experts have
highlighted the significant nutritional value of
tomatoes. The number of consumers of this fruit-
vegetable is rising all over the world (Gharbi et al,,
2017; Souri and Dehnavard, 2018; Souri and
Bakhtiarizade, 2019; Branthéme, 2020). To
respond to this tendency, farmers are turning
more and more towards cultivating tomato plants
in greenhouses. Greenhouses are considered
micro agricultural fields in which all input
parameters can be easily controlled and
monitored (Ben Ali etal.,, 2018; Jomaaetal., 2019;
Zlem and Ebubekir, 2019). Proposing models to
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increase in plant productivity while reducing the
risk of disease dispersal (Mansour et al., 2018;
Sahbani and Ferjani, 2018; Sahbani and Sellami,
2020).

In this study, we have developed a modeling
approach to automate the operation of every part
of a tomato greenhouse (aeration system, heating
system, freezing system, and irrigation system).
Both the Proportional Integral Derivative (PID)
controller and the Fuzzy Logic (FL) controller
have been used (Smriti and Ravi, 2014; Goodchild
et al,, 2015; Didi et al,, 2017; Fuseini et al., 2018;
Gadelhag et al, 2018; Martinez et al, 2018;
Anamekere et al., 2019; Mattara et al,, 2020). Our
approach involved input parameters and those
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needed for validation from an experimental
protocol set up in Sejnan, Tunisia (Sahbani and
Ferjani, 2018; Sahbani and Sellami, 2020).

Material and Methods

Experimental protocol

The Tunisian Institute for Agricultural Research
was the owner of the experimental facility in
Sejnan. It is a rural area in the north of Tunisia,
around 25 kilometers from the Mediterranean
Sea and 82 kilometers from Bizerte.
Mediterranean weather usually prevails. It has
very hot, dry summers (with temperatures
between 19 and 30 °C and relative humidity levels
as high as 35%) and very mild, humid winters
(with temperatures between 7 and 15 °C, and
relative humidity that reaches 85%) (Sahbani and
Sellami, 2020).

We designed a drip irrigation system to supply 30
plots with tomato plants inside a glass
greenhouse (36 m?2 in surface area, 2.5 m in
height). We used the deficit irrigation approach to
irrigate the plants. Throughout each stage of
development, we monitored the water supply,
morphological parameters, agronomic
parameters, soil factors, and climatic parameters.
Near the tested drippers, sensors were placed to
detect pressure, water flow, and soil moisture.
Other sensors were positioned within the
greenhouse to measure the relative air
temperature. A meteorological station nearby
provided information on air temperature, relative
humidity, wind speed, solar radiation, and
evaporation (Sahbani and Ferjani, 2018; Sahbani
and Sellami, 2020).

Simulation tools and basic concepts of the
controllers

We utilized the Simulink environment for both
the PID controller and the fuzzy logic controller.
This tool was used for signal processing and
numerical analysis. It enables matrix calculations
to be made as well as graphic displays of the
outcomes. It can be used for both system
conception/simulation and real-time automatic
control when coupled with Matlab. By automating
the heating, cooling, and aeration systems, we
minimized human intervention to control the
interior temperature and humidity. To maximize
the tomato yield, we considered the requested
thresholds for the given characteristics (Sahbani
and Ferjani, 2018; Sahbani and Sellami, 2020). We
were aware that the relationship between
temperature and relative humidity was inverse.
Therefore, establishing the proper temperature
immediately resulted in an ideal relative
humidity. The cause of the water condensation at
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the greenhouse wall was the evaporation of
moisture after irrigation. However, numerous
diseases of the tomato may spread as a result of
water condensation. Applying our modeling
approach to control irrigation supplies, aeration,
and heating inside the greenhouse was aimed at
reducing this occurrence directly and minimizing
the hazards of water deficiency.

Results

Implementation of numerical PID controllers
for aeration, watering and heating in the
greenhouse

Using a control loop feedback mechanism, a PID
controller (Proportional-Integral-Derivative) is a
scientific tool. It enables the monitoring and
employment of all automating-required
programs. The industrial sector, precision
agriculture sector, and domestic sector primarily
benefit from these applications (Ho etal., 1995; In
Chen and Mills, 1997; Kao et al., 2006; Hung et al,,
2008; Dos Santos, 2009). It can be used to control
process factors like temperature, flow, pressure,
and speed. By computing the difference between
a set point and a measured process variable, this
is accomplished. So we make sure that every
procedure is under constant, regulated
supervision. To function, the PID controller
integrates derivative control (D), integral control
(I), and proportional control (P) (in series or
parallel).

Proportional control is a type of linear feedback
control system in which the controlled variable is
corrected. That correction is proportional to the
difference between the desired and measured
values (set point SP and process value PV). The
outputs of the integral control are proportional to
the integral of the time error. The derivative
control slows the rate at which the controller
outputs change. It is used for reducing the
magnitude of the integral component and its
overshoot while improving process stability.

The aeration system was numerically represented
by the transfer function shown below:

_ —(0.07867Z+0.0616)
H(z) = Z2-1.478Z+0.4786 @

The corresponding numerical PID parameters
are:

0.32165 For the proportional P

0.029455 For the integral |

0.67399 For the derivate D

0.88783 For the filtering N

The irrigation system of the tomatoes in the
greenhouse was numerically represented by the
equation below:
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0.09136Z+0.6345

H(z) = (2 )
72-1.608Z+0.6345

[ts numerical PID parameters are:

0.32165 For the proportional P

0.029455 For the integral |

0.67399 For the derivate D

0.88783 For the filtering N

The heating control system for the greenhouse
under consideration was represented by the
numerical transfer function shown below:

)

—(0.0001033Z+1.42277
H(z) = “0000nsi) (3

The correspondent numerical PID parameters
are:

-273.793 for the proportional P

-1.4466 for the integral |

1514.6952 for the derivate D

0.057765 for the filtering N

Fuzzy logic controller implementation for
greenhouse aeration, irrigation, and heating
The fuzzy logic (FL) controller controls system
inputs and outputs using linguistic variables.
Many researchers (Yager and Filev, 1994; Altas
and Sharaf, 2007) believe that we can apply this
controller to any system without having to
understand its operating principles or dynamics.
This method considers many alternatives to
decisions such as “yes” or “no”, “true” or “false”. It
assigns a level of truth to each possibility
(Sivanandam et al., 2007; Kiranpreet et al.,, 2010;
Suryakant et al,, 2012; Eddahhar et al,, 2013). In
its scale of measurement, there are indications of
certainly true, relatively true, possibly true,
potentially false, relatively false, and certainly
false.

To put the fuzzy logic controller into action, the
following steps must be accomplished (Izzuddin
et al, 2018; Sahbani and Ferjani, 2018; Varun,
2018):

Fuzzification is the process of transforming i crisp
input into linguistic variables or fuzzy values.
Fuzzy knowledge base stores information about
all fuzzy input-output relationships. It also has a
membership feature. It specifies the input
variables to the fuzzy rule base as well as the
output variables to the controlled plant.

Fuzzy Inference Engine is a collection of fuzzy “if-
then” statements is used by the fuzzy inference
system (FIS). The system’s response to various
conditions is then determined. A fuzzy rule base
provides the FIS with these “if-then” statements.
The fuzzy rule base is tasked with storing
knowledge about how the process works
according to each domain. FIS is classified into
two types, Mamdani FIS and Sugeno FIS
(Kiranpreet et al,, 2010; Jomaa et al.,, 2019).
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Defuzzification is the conversion of fuzzy data
into crisp values. They can then be used as input
to another system. This conversion is
accomplished by using the fuzzy inference engine.

Fuzzy controller implementation for the
greenhouse irrigation system

To implement this controller, we established
fuzzy rules between the internal temperature of
the greenhouse, soil humidity, and watering
amount. Irrigation was done when the
temperature was high and the soil humidity was
low (Rafiuddin et al,, 2015; Satyajit et al., 2017;
Carlos et al, 2017; Rajaprakash et al, 2017;
Fuseini et al,, 2018).

According to the results of the experimental study
(Sahbani and Sellami, 2020), the optimal internal
air temperature and soil humidity for normal
tomato plant development is 20 °C and 50%,
respectively. They were thought to be fixed
consignments for the watering command. We
established the fuzzy controller’s various rules
based on these instructions (Table 1).

Table 1. Fuzzy controller rules for the internal
temperature and soil humidity to automate the
irrigation system.

Hs/Ti F T CH
feeble AC AC AL
Middle PA AC AL
High PA PA AL

Ti: internal temperature, Hs: soil humidity, F: cold, T:
warm, CH: hot, PA: no action, AC: short action, AL: long
action.

We considered Ti for temperature, Hs for soil
humidity, and Ur for irrigation as inputs and
outputs, respectively. The choice is whether to
irrigate with short or long action. Both triangular
and trapezoidal presentations were used here.
Fig. 1 (A), Fig. 1 (B), and Fig. 1 (C) depict the
membership function for Hs (soil humidity), Ts
(soil temperature) and Uir (irrigation system),
respectively.

When the numerical value is between 50 and 53
units, the soil humidity is low. When its numerical
value falls between 62 and 68 units, it is
considered average. When the numerical value is
between 77 and 80 units, it is considered high.
When the temperature in the greenhouse is
between 20 and 20.5 degrees Celsius, the air is
considered cold. When the numerical value
ranges between 21.5 and 22.5, itis lukewarm, and
it is hot when it exceeds 23.5 units.
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Fig. 1. (A) Current membership function for the soil humidity inside the greenhouse.
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Fig. 1. (B) Current membership function for soil temperature inside the greenhouse.
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Fig. 1. (C) Current membership function for the irrigation system inside the greenhouse.

Fig. 1. Current membership functions for the inputs (soil humidity Hs (Fig.1 (A)), soil temperature Ti (Fig.1 (B)) and

for the outputs (irrigation system Uir (Fig.1 (C))) to automate the greenhouse watering operation.

Between 7.5 and 8.5 units, the action is short, and
itis long somewhere between 9.5 and 10 units.
The inference rules for the irrigation system
inside the greenhouse are

If (Tiis F) and (Hs is feeble) then (Uir is AC)

If (Tiis T) and (Hs is feeble) then (Uir is AC)

If (Tiis CH) and (Hs is feeble) then (Uir is AL)
If (Tiis F) and (Hs is average) then (Uir is PA)
If (Tiis T) and (Hs is average) then (Uir is AC)
If (Tiis CH) and (Hs is average) then (Uir is AL)
If (Tiis F) and (Hs is high) then (Uir is PA)

If (Tiis T) and (Hs is high) then (Uir is PA)

If (Tiis CH) and (Hs is high) then (Uir is AL)

To implement this controller; we proposed fuzzy
relationships between the internal temperature
of the greenhouse, door opening and closing, and
aeration. If the temperature is high and the door
is only partially open (feeble), we must aerate the
greenhouse to keep it cool. The thresholds for
action for internal temperature and door opening
are 20°C and 50%, respectively. We built the fuzzy
controller for the tomato greenhouse using these
two consignments. The fuzzy inference matrix is
shown in the table below (Table 2).
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Table 2. Fuzzy rules to automate the aeration system
inside the greenhouse.

Ouv/Ti F T CH
Feeble PA PA PA
Average or AC AC AC
middle
Hugh AL AL AL

F: Cold, T: Lukewarm, CH: Hot, PA: No action, AC:
Short action, AL: Long action.

We took the temperature (Ti) and the degree of
openness of the greenhouse door (OUV) as inputs
and the aeration as output (Uaeration). The
decision is whether to command aeration with
long or short actions. The aeration inference rules
were implemented using the Matlab/Simulink
environment. As a result, the aeration
membership functions are depicted in Fig. 2,
including Fig. 2 (A), Fig. 2 (B), and Fig. 2 (C) which
show the membership function for air
temperature (Ti), door openness (OUV) and
aeration, respectively.
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Fig. 2. (A) Membership function for the temperature Ti inside the greenhouse.
|4+] Membership Function Editor: REGULATEUR_FLOU_AERATION || eEE-|

File Edit Wiew

phot points: 181
FIS Variables ; : Membership function plots : ;

Faible Moy enne Elevéea

mempsaér&tb n

O
. , 10K
incaut variable “Ouw™
Current Wariable Current Membership Function (click on MF to select)
Name Ouw Mame Faible
Type input R trimf -
Params 30 50 70
Range [50 100] [ !
Display Range [50 100] Help Close
Selected variable "Ouw™

Fig. 2. (B) Membership function for the door openness (OUV) for the greenhouse.

392



Habib Sellami and Sahbani

Int. ]. Hort. Sci. Technol. 2023 10 (4): 387-396

-

File Edit View

FIS Variables

i 21T psaération

O

" Mermbership Function Editoer: REGULATEUR_FLOU_AERATION

([~ | (S
Membership function plots F°t Points: 181
AC Al

output variable "L emns ération™

Current Membership Function (click on MF to select)

P&
trimf -

[3.6 6 8.4]

Current WVariable

Mame U_temps_aé&ration Narme

Type output Type
Params

Range [5 12]

Display Range & 12]

Help

Close

Selected variable "UU_temps_aération™

Fig. 2. (C) Membership function for the aeration as output.

Fig. 2. Membership functions for greenhouse aeration to meet the cold requirements of plants: (Fig. 2 (A)) for the

temperature, (Fig. 2 (B)) for the door openness, (Fig. 2 (C)) for the aeration of the greenhouse.

When the numerical value of the door openness is
between 50 and 55 units, we can say that it is
weak. When the corresponding numerical value is
between 70 and 80 units, it is considered average.
When it is between 95 and 100 units, it is
considered high. When the numerical value of the
greenhouse air is between 20 and 20.5, it is
considered cold. When the numerical value
ranges between 21.5 and 22.5, it is considered
lukewarm, and it is considered hot when it
exceeds 23.5 units. We can confirm that there is
no aeration action when the aeration numerical
value is between 6 and 6.8 units. Between 8.4 and
9.6 units, the action is short. It is long when
occurring between 11.4 and 12 units.

Discussion

Aeration of the greenhouse is an important
process for ensuring optimal tomato plant
growth. It allows for the cooling of the greenhouse
and its internal space, the reduction of
condensation, and the exchange of fresh air with
the external environment. The automatic
activation of aeration is primarily determined by
the temperature threshold. The responses of the
PID controller and the fuzzy logic controller of the
aeration system inside the greenhouse are shown
below (Fig. 3).
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We can say that the response is stable for both
controllers, with a pick of about 1.09 for the PID
controller and zero for the fuzzy controller. We
discovered that the fuzzy controller has no
overtaking, whereas the PID controller has about
8.28%. The fuzzy controller has a shorter rise
time than the PID controller (627 s).

When the temperature and humidity levels inside
the greenhouse exceed certain thresholds, the leaf
transpires more and soil water content decreases.
As a result, we must intervene by watering the
plant exactly, with the amount of water that it
requires. The controller enables the system to be
turned on and irrigation instructions to be issued.
The graph below (Fig. 4) compares the evolution
of the response function for irrigation actions
ordered by the PID controller and the fuzzy logic
controller.

We signal a stable response for both controllers in
the watering system (PID controller and the fuzzy
logic controller). For the fuzzy logic controller, the
pick and overtaking were both equal to zero. They
were approximately 1.28 and 28.2 seconds for the
PID controller, respectively. The rise time was
approximately 18.3 seconds. The fuzzy logic
controller had a regulation time of about 35
seconds and the PID controller had a regulation
time of about 31 seconds.



Habib Sellami and Sahbani

Int. J. Hort. Sci. Technol. 2023 10 (4): 387-396

I

— = —uly

_

¥t
¥2(t)
[alo]

2t}
ua(t)

Y1 (t) system response with PID controller, s y2(t) system response with fuzzy controller, s r1(t)

opening instruction,

fuzzy command.

r2(t) temperature instruction,

ul(t) PID command, s u2(t)

Fig. 3. The response of the aeration numerical system to the fuzzy logic controller and PID controller inside the
greenhouse.

uf(t) Fuzzy command,

yf(t) Fuzzy response, s up(t) PID command, mmsmm r2(t) Instruction

of the temperature, === r1(t) Humidty instruction, ==== p(t) PID response.

Fig. 4. Compared evolution of the numerical response functions for irrigation actions ordered by the PID controller

and the fuzzy logic controller.

The curve had a general trend that showed the
PID response exhibits an amortized oscillation in
the domain of 5 to 38 units and stabilizes at 40
units. The FL response reaches its stabilization
state at approximately 10 units.

Thus, we can completely automate the operation
of all systems inside a tomato greenhouse using
either the PID controller or the fuzzy flow
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controller (heating, aeration, freezing, irrigation).
Fuzzy logic, however, is more commonly used to
deal with uncertain and fluctuating data. For the
greenhouse sector, which employs precision
agriculture principles, we must establish domains
of values for each parameter and make an
appropriate decision at the right time. Such a
decision entails watering or fertilizing plants
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based on their actual needs. We characterize
plants, soil, and climate using linguistic variables
(i.e. crop type, leaf moisture, soil texture, soil
moisture level, temperature, and relative
humidity).

As a result, the fuzzy command is recommended
when creating models to automate irrigation
systems and the operation of all processes within
greenhouses (e.g. heating, freezing, and aeration).
The fuzzy logic command is used for making
decisions if we cannot estimate the input/output
parameters with high precision. It allows the
operator or farmer to incorporate customized
decisions into the inference rules and
membership functions.

Conclusion

Automating the operation of greenhouses
necessitates the development of models. These
models must take into account plant
characteristics, soil parameters, and local climate
data. In this research, we successfully developed a
model for controlling the exact amount of water,
temperature, and humidity required by tomato
plants in a greenhouse.
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