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ABSTRACT: The techniques for climate control in greenhouse t&r tune the crop
needs and avoid unnecessary energy consumptiorreénigouse environment is an
incredibly complex and dynamic environment. Theaiigaizzy Logic Controllers (FLCs)
represents a powerful way to minimize and fac#itatanagement of climate conditions
of the modern greenhouse. Since the temperatigeeefihouse was important factor that
affects the crops growth and the yield, we havegdes and investigated a computer
based on direct fuzzy Controller for greenhousepemature control system. In this study,
we present the implementation of a fuzzy logic dbasatrol system for the regulation of
climatic parameters under greenhouse using LabVI&ftware through heating and
cooling to ensure an exact range of temperaturefandidity values. Some graphics user
interfaces were developed, under LabVIEW softwiarethe real-time monitoring of the
greenhouse system.

KEYWORDS:. Computer based control, direct fuzzy logic, Greersao climate,
LabVIEW, Monitoring

INTRODUCTION

The culture under greenhouse, in Morocco, is aséctfull development which requires
great effort to achieve some performance leveisaw of high cost and scarcity of fossil
energies. The difficult current economic contextigegs the producers to reduce their
greenhouse production costs, to improve their perdnce and to seek the best sale price
available by taking into account the context of kearglobalization. It was therefore
necessary to develop technical production to predait the year [1-4]. At first, the
greenhouse was developed to protect the cropssagaitreme weather conditions, then
for an early production by installing the contrgb&ems climate parameters, because the
precocity was a pledge for better prices [5-7]adidition, the producers must equip their
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greenhouses with modern climate control systemsrder to maximize efficiency and

optimize quality. A greenhouse environment is agredibly complex, a dynamic

environment and it is difficult to predict all thimteractions encountered in the
greenhouse cultivation. Precise control of the mjneese environment is critical in

achieving the best and most efficient growing emwinent and efficiency. Fuzzy logic

aims to study the imprecise knowledge represemtadiod reasoning close to human
language daily. Fuzzy logic provides a control laeften effective, without having to

resort to major theoretical developments. Indeaazzyf controllers have mainly

demonstrated more robust performance compareddditnal techniques, in situations
where the mathematical model of the process wasvathtknown or when the behavior

of the process varies non-linearly. It offers teantage to include linguistic knowledge
on how to control a nonlinear process like greeskoutaking into account the

experiences of growers. The use of Fuzzy Logic @tets (FLCs) represents a powerful
way to minimize and facilitate management of cliematonditions of the modern

greenhouses [8, 9]. Using fuzzy logic algorithmsildoenable machines to understand
and respond to vague human concepts such as hat,deg, etc [10, 11]. It also could

provide a relativity simple approach to reach definconclusions from imprecise

information.

In this work we present a methodology for desigse of fuzzy logic based on direct
fuzzy controller and its implementation for a réale greenhouse temperature control
system using LabVIEW software. We have developed aamomatically control
greenhouse climate system using fuzzy Logic tordetee when to cool/heat and how
much voltage we must apply to actuators (fan aradeng The primary aim of this study
is to develop an automated climate control by tbe of an intelligent robust system in
order to regulate temperature under greenhousehwhiegrates a PC-based monitoring
system using a data acquisition card type PCI-G2ftl a decision support system using
fuzzy controllers with LabVIEW software [12, 13].

GREENHOUSE SYSTEM

Figure 1 illustrates the different components o #lectronic device developed for

climate control under greenhouse. The experimegraénhouse used as support with
these experiments is located in the Faculty of ri®&&s, Meknes, Morocco. It's a

greenhouse made of polyethylene single wall. THetiso used a data acquisition card
type PCI-6221 piloted by PC. The realized systdowal measurement and saving of the
different inputs/outputs values of physical magmés coming from different sensors
(temperature, relative humidity, irradiance and,@Oncentration). In order to regulate

the temperature in a greenhouse, we have instailede the greenhouse a heating
system, pulsed air supply and a variable speefil&nl9]. A graphical user interface for

supervision, which has been developed in LabVIE\AS wsed to monitor the greenhouse
system.
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Figure 1. Experimental greenhouse set-up.
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Figure 2. Conditioning circuits for (a) temperature and (bjrhdity measurments.

The temperature under greenhouse is measured asihng135DZ temperature sensor.
As seen in Figure 2(a), the output of the LM35DZfilered and amplified by a

non-inverting amplificatory. The equation of vaiaat of the output voltage of the circuit
as a function of temperature is expressed by [18]:

T =11172*V,, — 2037 1)
With: T in °C and \tin Volt.
Figure 2(b) shows the humidity sensor HIH-4000-Q8&neywell sensors) which is used
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to measure the relative humidity. This sensor eefivinstrumentation-quality relative
humidity sensing performance at a low cost. Thesmeag range of this sensor is from
“5 to 95%”. Using the calibration curve of this sen the following formula is used:

10*

Vv
RH =—| —L - o;LeJ (2)
62 [vsupply

Where: RH is expressed in %gin Volt and Vsyppy= 5 V.
Control card

The static converter realized allows the actuatqupl/ with alternating voltage. It is a
single-phase dimmer, controlled by the phase, stssf two thyristors connected in
anti-parallel as shown in Figure 3. The first tior Thl is started during the positive
half cycle with a delay angle. The second thyristor Th2 is started during thgatige
half cycle with a delay angle +1t It is possible, by controlling {voltage to choose the
time engaging a thyristor, the time of the extioctdependent on the characteristics of
the receiver and may operate at the zero crossitigeaurrent.
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Figure 3. Control card.

The control circuit can generate pulses synchrahimethe TCA785 for engagement of
thyristors Th and Th at a galvanic isolation stage based pulse tramsfir. TCA 785
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produces signals rectangular at the same peridtieasoltage ¥ and synchronization
start time adjustable by the control voltage The angle of firing delay of the thyristor
Thl is:
—_ UC —
a=2mfRC;—=KU, (3)
U8

With, K = 2.n.f.P1.csi
U8

The effective value of the voltage across the hesgte

Uht:E\/l—i+Sin(2a):E\/1— KUC+sin(2KU c) @

V4 27T V/4 27T

With, E =220 V.
a: angle firing delay and {&JControl voltage.
The power R supplied to the heating is expressed by:

2 .
U KU, sin2KU
Pt :( Ehtj Pax :(1_ S+ r( C)j'F)max (5)

T 21T

With, Pnax= 400 W.
The figure 4 shows the variations of voltage anagrosupplied to the heating depending

on the driving voltage U
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Figure 4. Evolution of U;; and R; depending .

FUZZY GREENHOUSE CONTROLLER

The Mamdani fuzzy inference mechanism is usefulrwapplying Fuzzy Logic to the

control of systems. If we consider a classic feeldbacheme, the Mamdani fuzzy
inference mechanism is useful when applying Fuzzgit to the control of systems. The
idea, put forth by Zadeh, for using Fuzzy Contrgloathms relies on introducing the
knowledge base into the controller such that itpwiuis determined by the control rules
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proposed by the expert. A frame diagram for a fuzaytrol greenhouse system is shown
in figure 5. Two input linguistic variables of fuzzontroller are given adT = Ts - Ti,
(Ts set-point temperature;,Tinside temperature), aiRH = RH; - RH;, (RHs: set-point
humidity, RH,: inside relative humidity).
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Figure5. The temperature and humidity frame diagram fuzzyrobn

The main complexity of implementing a fuzzy logentroller involves incorporation of
the discrete nature of the staged heating/vemgatguipment. It is not necessary to use a
mathematic model in the process of the temperatomérol using fuzzy logic controller,
but must know only the relations between input antput variables of the greenhouse
[20-22]. In this part, PC-based LabVIEW was usedmplement a fuzzy logic-based
temperature control greenhouse. The system is aanedntrolling the temperature of an
environment by regulating a heater and the speea fah. The fuzzy controller has to
make decisions based on difference between set-moithmeasured inputs variable.

The variable “temperature” which is inputted on slystem can be divided into a range of
three states such as “Cold”, “Normal” and “Warm&fiding the bounds of these states is
a bit tricky [8,23-25,]. An arbitrary threshold rhigbe used to separate “Cool” from

“Warm”, but this would result in a discontinuousadge when the input value passes
over that threshold. The way to make the statezz$fuis to allow them change gradually

from one state to the next Membership functionvgags gotten by experience, so it has
greater randomness. The choice of the fuzzy varidddmbership function has certain

influence on the functions of the fuzzy controll&he fuzzy controller parameters in

these experiments are summarized in Table 1.

Table 1. Range and the number of membership function of yfugantroller
parameters

Name Rangt Number of | Membershig| Shap: Points
membershig function
functions
Warnr Trapezoic | -20 ;-20 ;-10;
-2,E
Temperature -20 to 3 Norma Sigmoic | -10; -5; 5;
20 1C
(AT=TsTin) Cold Trapezoic| 2,5; 10; 2(
; 2C
Wei Gaussia | -20;-15;-10;

6



International Journal of Electrical and Electrorfitygineering Studies
\Vol.1 No.1, pp.1-13, September 2013
Published by European Centre for Research TraguigDevelopment UK

-2,E
Humidity -20 to 3 Norma Gaussia |-10-2,5;2,5;
20 1C
(ARH=RHsRH;,) Dry Gaussia | 2,5; 10;
15; 2
OFF Triangle |0 ; O; 2,
CommandFar |OtoE& 3 LOW Triangle |0 ; 2,5 5
(Cdp) HIGH Triangle |25 ; 5; 5
OFF Triangle |0 ; 0; 2,
Command Heate| O to £ 3 LOW Triangle |0 ; 2,5; 5
(Cdn) HIGH Triangle |2.E ; 5; 5

We choose the triangle form of Membership functidiVentilation and heater controlled
output for the purpose to achieve simplified catoh. A defuzzifier compiles the
information provided by each of the rules and ma&edecision from this basis. In
linguistic fuzzy models the defuzzification conwetie resulted fuzzy sets defined by the
inference engine to the output of the model toanddrd crisp signal. The centroid
method of defuzzification takes a weighted sumheaf tlesignated consequences of the
rules according to the firing strengths of the sul€uzzy rules are a collection of
linguistic statements that describe how the fuzentioller should make a decision
regarding classifying an input or controlling artpnut. Fuzzy rules are always written in
the following form:

1. IF Temperature' IS 'Warm' AND 'Humidity' IS 'Wet' THEN 'Command FAN'
IS 'OFF' ALSO 'Command Heater' IS 'LOW'.

2. IF "Temperature' IS 'Warm' AND 'Humidity' IS 'Nortmn@HEN '‘Command FAN'
IS 'LOW' ALSO 'Command Heater' IS 'OFF'.

3. IF 'Temperature' IS '"Warm' AND 'Humidity' IS 'DifHEN '‘Command FAN' IS
'HIGH' ALSO 'Command Heater' IS 'OFF'.

4. IF "Temperature' IS 'Normal' AND 'Humidity' IS '"W&HEN 'Command FAN'
IS 'LOW' ALSO 'Command Heater' IS 'HIGH'.

5. IF 'Temperature' IS 'Normal' AND 'Humidity' IS 'Nwal' THEN 'Command
FAN' IS 'OFF' ALSO 'Command Heater' IS 'OFF'.

6. IF "Temperature' IS 'Normal' AND 'Humidity' 1S 'DryHEN '‘Command FAN'
IS 'LOW' ALSO 'Command Heater' IS 'OFF'.

7. IF "Temperature' IS 'Cold' AND 'Humidity' IS 'W&HEN 'Command FAN' IS
'OFF' ALSO 'Command Heater' IS 'HIGH'.

8. IF Temperature' IS 'Cold" AND 'Humidity' IS '‘North&HEN 'Command FAN'
IS 'OFF' ALSO 'Command Heater' IS 'LOW'.

9. IF "Temperature' IS 'Cold' AND 'Humidity' IS 'Drf§yHEN '‘Command FAN' IS

'HIGH' ALSO 'Command Heater' IS 'LOW..

DEVELOPED INTERFACE FUZZY CONTROL AND MONITORING

A software for computer based fuzzy logic for gteamse temperature control has been
developed using LabVIEW. The software is basedhengraphic user interface (GUI). It
displays a text box, which enables the user to toomurrent value of the parameter
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(temperature and humidity) being measured and clted; and the fuzzy controller
parameters. It also features to enter the new okit;pfilename to store measured
data...etc. The dashboard of climate fuzzy contral mronitoring is shown in figure 6.
The driving software enables us to fix thresholffemperature and humidity.
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Figure 6. The dashboard of climate fuzzy control and moniigri

The work on the application of fuzzy techniques ¢aop production has been done by
several investigators Sriram et al. [11], Goudd Bt Nachidi et al. [21]. However, the
combination of fuzzy controller and LabVIEW softwathas not been explored
thoroughly to support the process control in greesks. This work discusses the design
and practical implementation of a computer-baseatrob system that integrates fuzzy
control techniques. The system was designed toratety regulate in real-times two
environmental parameters (i.e. humidity, tempegtuinside a greenhouse in an
integrated fashion.

RESULTSAND DISCUSSION

We will present the main results of experimentabhsugements of climatic parameters
(temperature, relative humidity of the air ...) fjpemed in the experimental greenhouse.
The aim is to maintain the air temperature in tngge of 20°C and the relative humidity
air in the range of 50%. The choice of the tempeeaaind humidity range depends on the
climatic requirements of the plants. The climatargmeters are measured and stored
every minute. Figure 7 shows the results for theoutrolled experiment performed
between 8 — 6", December 2012. The data were recorded with neatipa of fan and
heater. These curves show a comparison betweeringiide (T,) and the outside
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temperature (Ju). The results show that the external temperatureecfollows the same
variation as of the internal temperature. Furtheanthe internal temperature values,
appeared during the day and night, remain too digh to the greenhouse effect. The
measurements obtained have allowed us to haveabats of information on inputs,
outputs and process disturbances [26, 27].
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Figure 7. Measured internal and external temperatures witbambrol operation

Figure 8 shows the fuzzy controller test. Testsemesnducted to see whether the
fuzzy controller system gives the correct voltagetite power board that supplies the
actuators depending on difference between theast-(Ty) and measured values (figure
8.a) . We note that the fan command voltage Cdi§digh whemMAT=TTj, is low and
ARH=RH:-RHi, is high. The heater command voltage Cd-Heateigis WhenAT= TsTin
high andARH= RHs-RH;, is low (figure 8.b). It can be seen that, the imgasystem
engages when the inside temperature becomes Ibaerthe set-point temperature. On
the other hand, the fan system functions. Indedttnwthe temperature increases the
relative humidity decreases and vice versa.
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Figure 8. Fuzzy controller test

From the results shown in Figure 9 and Figure 1€ait be concluded that the overall
performance of the fuzzy controller to maintain thperature and the humidity within a
given range, around the set points, is satisfactbhe outside temperature is in the
interval [8 °C, 18 °C]. We note that the temperatur the greenhouse is maintained in
the desired range 20 °C in the night and in the dtagan be shown that the relative
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humidity under greenhouse is influenced by thedmdiemperature and varies in the
interval of [47 %, 55 %)].
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Figure 9. Measured temperatures and Heating/ventilation l@rahe direct fuzzy
control strategy.

We observed that the inside temperature followsectly the set-point independently of
changes in outside temperature which decreases &@nto 18°C. Compared to our
previous investigations [8] and the existing on28],[ we have found that our system
overcame successfully the known shortcomings imgeof power consumption and its
facile implementation in greenhouse based on LaWVIBEoftware. Indeed, we have
developed an automatically control greenhouse ¢énsgistem using fuzzy Logic under
LabVIEW software to determine when to cool/heat hod much voltage we must apply
to actuators (fan and heater). Hence, the devel@bectronic power card based on
dimmer allowed to modulate the electric power sigaplo the actuators.
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Figure 10. Measured relative humidity under the action fuzzy.

CONCLUSION

A greenhouse temperature and humidity control &lgor based on direct Fuzzy logic
controller were designed, tested and implementedei@l actuators and sensors are
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installed and connected to an acquisition and obsystem based on personal computer
and a data acquisition card. The overall testscatdd that the fuzzy controller worked
satisfactory but at the expense of actuators freiquectivity. This research has
successfully showed that LabVIEW and Fuzzy Logictodler can be applied to develop
a system for monitoring climate parameters undeemgnouse. Using a computer system
can cause some difficulties for the producer ineepeed with computers. But the
developed system has advantages that the desigogdam is user-friendly and the
results could be easy to analyze by the user,eaBdht panel is a graphical user interface.
The use of fuzzy logic requires however, the knolgée of a human expert to create an
algorithm that mimics his/her expertise and thigkin
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