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Abstract: One of the most effective solutions is to produce the obtained product all
year round not only in spring and summer seasons which are suitable for
producing the plant. Furthermore, conventional closed greenhouses are converted
into high-tech plant production units in as much as micro controllers, smart
sensors and wireless technology equipment have become cheaper and easily
available in recent years. To this end, a low-cost greenhouse automation system
which can be monitored in computer environment by virtue of an interface created
in Matlab GUI programming language is proposed in the study. Temperature, air
relative humidity and soil moisture levels were measured continuously as input
and control of heating, ventilation, drip irrigation, humidification, and lighting
system was conducted the way of on-off in the proposed system. Furthermore,
input sizes were monitored graphically and numerically on the interface and
output systems were monitored instantly to observe if they operated or not.
Required conditions in the greenhouse for pepper and eggplant as vegetables and
strawberry as fruit was provided and data for 24 hours were provided. The
obtained numerical and visual application result revealed the fact that the applied
system is more advantageous compared to conventional control systems in terms
of ease of use, price, monitoring and simultaneous recording.

Matlab GUI ile Sera Sisteminin izlenmesi ve Kontrolii

Anahtar Kelimeler
Sera Otomasyonu

Matlab GUI

Kontrol ve izleme Sistemi

Ozet: Elde edilen iiriiniin sadece bitkinin yetismesine uygun olan ilkbahar ve yaz
aylarinda degil tiim y1l boyunca tiretilmesi en etkin ¢6ziimlerden biridir. Ayrica son
yillarda mikro denetleyici, akilli sensor ve kablosuz teknoloji donanimlarinin kolay
elde edilebilir ve ucuz olmasindan dolay1 klasik kapali sera yapilari, yiiksek
teknolojili bitki iiretim birimlerine doéniismektedir. Bu amag¢ dogrultusunda
calismada, Matlab GUI programlama dilinde gergeklestirilen ara ytz ile bilgisayar
ortamindan izlenebilir ve diisiik maliyetli bir sera otomasyon sistemi 6nerilmistir.
Onerilen sistemde giris olarak sicaklik, hava bagil nemi ve toprak nemi degerleri
stuirekli Olciilerek, 1sitma, havalandirma, damla sulama, nemlendirme ve
1siklandirma sistemlerinin kontrolii on-of seklinde gerceklestirilmistir. Ayrica ara
yuz lizerinde giris buytkliikleri grafiksel ve sayisal olarak, ¢ikis sistemleri ise anlik
olarak calisip ¢alismadigl noktasinda izleme islemi yapilmistir. Sera da sebze
olarak biber ve patlican, meyve olarak da ¢ilek iirlinleri i¢in istenen kosullar
saglanarak 24 saatlik veriler elde edilmistir. Elde edilen sayisal ve gorsel uygulama
sonuglari, geleneksel kontrol sistemlerine gore, gerceklestirilen sistemin kullanim
kolaylhigy, fiyat, izleme ve es zamanl kayit alma noktasinda daha avantajli oldugunu
gostermistir.
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1. Introduction

Developing computer and communication technologies have led to huge impacts and benefits in the most part of
our living spaces. The fact that, microcontrollers, intelligent sensors and wireless technology equipment have
become cheaper and easily available, has paved the way for new researches as to different engineering and
industrial applications of control systems. One of these is that conventional closed greenhouses have turned into
high-tech plant factories which optimize plant and human productivity. A modern greenhouse comprises a
system having multiple controls and is called controlled environment agriculture, controlled environment plant
production or Automation system (Ting et al., 2016). The modern greenhouse system increases product yield
and leads to production costs in addition to increasing predictability. One of the first improvements made as
development is climate-controlled plant growing (Muijzenberg, 1980). The system includes three levels as
instant greenhouse climate, and short-term and long-term product development stages in the study proposed by
Cate and Dixhoorn, which is shown as one of the first applications of computerized control and automation
works of the greenhouses (Cate and Dixhoorn, 1978).

Over time, sufficiency and development possibilities of greenhouse conditions have been examined in the study
conducted by Seginer and Zlochin. It has been detected that the desired temperature values are not obtained
during the winter months while the temperature inside the greenhouse and the relative humidity are high during
the summer months (Seginer and Zlochin, 1996). In another study as regards another point of the subject, Teitel
and Tanny have developed equations based on the dimensionless mass and energy savings by method of opening
the roof windows of inside the greenhouse and changing the interior temperature thereof (Teitel and Tanny,
1999). Jain has researched the heating of the greenhouses and brought a different application to the heating
system through utilization of collector on the greenhouse surfaces (Jain, 2005).

Hocagil, in addition to the international greenhouse studies, has conducted a study in Turkey work on "Venlo
type" greenhouses (Hocagil, 2003) while (Basak, 2009) has carried out a study on greenhouse heating by
thermal energy storage. In 2011, Ar1 has monitored more than one greenhouse by usage of PLC and SCADA
software (Ari, 2011). (Sevik et al., 2014) produced a small-scale greenhouse and they heated the air in the
greenhouse by solar energy and made the distribution there of.

Automatic systems have been utilized in order to detect diseases in the greenhouse. Usage of systems with
special installations and equipments are required in a number of approaches in addition to automation systems.
These systems comprise image processing and learning techniques, high-spectrum techniques, as well as
intelligent electrical nose techniques (Patil and Kumar, 2011; Mahlein et al., 2013; Markom et al., 2009).
Recently, dynamic greenhouse systems which can be monitored from remote areas by virtue of wireless sensor
and wireless communication which are install cheap and easy to install and detect trouble have been established
(Rodriguez et al, 2017; Akkas and Sokullu, 2017). Control of greenhouses has become possible thanks to
automation systems, and works for monitoring industrial automation systems by virtue of advanced internet
technology has become possible in our day (Zhang et al,, 2017).

Automatic irrigation, heating, humidification, ventilation and lighting systems according to the data of high-
resolution temperature and humidity sensors and utilization of Matlab GUI interface are proposed in this article.
Arduino Mega card and Matlab between the greenhouses is used as entry and exit card were utilized in the
proposed system while control operations were carried out by utilization of the Matlab programming language.
Control and monitoring of physical quantities in the greenhouses by using Matlab Gui interface is the uniqueness
of the study and its applicability has been proven. In this way, the greenhouse control and monitoring system
will be able to provide cheaper prices and ease of use compared to other similar systems. Furthermore, the
software developed for the system can be improved and used for different studies and researches thanks to the
simultaneous recording and graphing feature thereof. The presentation of the greenhouse system created was
made in the next part of the study. Subsequently, the working methodology was defined in the next Section 3.
Matlab Gui interface created was explained in details in this part. Graphical and numerical results obtained as a
result of experimental studies are presented in Chapter 4 under the title named “Evaluation of The Experimental
Data”. Evaluations as to the method and studies which can be conducted in future were included in the last part.

2. Materials and Method

The greenhouse made as a small rough model was made with 20x20 mm profiles in 150x75x135 cm dimensions.
The lower part of the greenhouse was covered with mdf and then approx. 10 cm-thick brown humic soil was
placed. An electropneumatic ventilation cover was placed on the roof. Parts other than the location of the
pneumatic cover and ventilation fans are covered with nylon greenhouse cover convenient to use for a long time
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with high mechanical resistance, thermal and with light refraction property. The following equipments were
made in order that requirements according to the plant species planned to be produced could be met.

2.1. Signal sensing elements

The temperature and relative humidity in the greenhouse have to be measured continuously in order to manage
the greenhouse effectively. DHT 11 sensor has been utilized as temperature and relative humidity sensor. This
sensor has a complex of calibrated digital output, temperature and humidity sensor with high reliability and
provides excellent stability in long time measurements. It consists of a resistance type humidity measurement
component as well as an NTC temperature measurement component. DHT11 is supported by 8 bit
microprocessor and responds in a fast manner and with high quality. This sensor which measures temperature
between 0 and 50° C with an error rate of 2° C also measures humidity with a 5% RH error rate between 20 and
90% RH.

The soil moisture sensor is a sensor which can be utilized to measure the amount of moisture in the soil.
Measurements are made by inserting soil moisture measuring probes in the soil. Its working principle is based
on the fact that a voltage difference is created between the tips of the probes due to the resistance of the soil or
the liquid to which it is inserted. The amount of moisture is measured according to the magnitude of this voltage
difference. Technical specifications operating voltage: 3.3V-5V, output voltage and current 0- 4.2V and 35 mA
(http://www.arduino.cc/ [Access Date: 30.03.2018]).

2.2. Heating system

Temperature is one of the most significant elements to be created in the greenhouse. Electric heating, among the
main heating elements applied in greenhouse heating, was preferred, and the resistance element was placed
diagonally across the two side walls of the greenhouse. The resistors in the utilized heaters are made of tungsten.
Tungsten was preferred because of its very high melting temperature and the filament temperature reaches
1200° C during operation. The tube of the lamp is made of quartz crystal. Quartz is an element which can
withstand high temperatures. It is also resistant to shocks which can take place during sudden temperature
changes. Electrical specifications thereof are provided in Table 1 (http://www.tansun. com. [Access Date: 20 04
2018]).

2.3. Pneumatic cover and fan ventilation system

Greenhouse ventilation is made in order to prevent the increase in the temperature inside the greenhouse, keep
under control the relative humidity of greenhouse and provide necessary CO2 to the plants for the food products
to be produced through photosynthesis. The movement of fresh air on the soil surface, increase of circulation
between the soil and the air, and thus increasing of the circulation in the soil is realized by virtue of greenhouse
ventilation. To this end, a fan ventilation system which is mainly employed when the temperature difference
decreases and when the wind movement stops was utilized. In addition, a mechanical ventilation system has
been created through placement of pneumatic doors in the roof of the greenhouse (Dupont, 1989).

2.4. Humectation

In summer months in regions with hot climate, the temperature inside the greenhouse cannot be kept at the
values that plants will not be adversely affected by virtue of natural or forced ventilation applications. Therefore,
shading and evaporation cooling applications are made in the greenhouses (Hocagil and Oztiirk, 2003). In the
realized greenhouse, 24 V ultrasonic mist maker fogging humidity device is used. In the greenhouse, a fan is
added behind the humidifier for homogenous spread of the produced noodle. Technical specifications are
provided in detail in Table 1.
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Table 1. Elements and technical features used in greenhouse system

Device Name Voltage Current Power Technical Specifications
Soil Moisture 5V DC 35 mA 0-4.2V output analog soil probe size: 6
Sensor cm * 2 cm.
. o ono
INPUTS Air Humidity 35.5VDC 2.5 mA 20-90 /()RH- rr_leasurement range, £ 5
Sensor % RH Humidity accuracy
Temperature 3.5V DC 25 mA Rated for full 0° to +50°C range, + 2°C
Sensor Accuracy
Satin (translucent) quartz. Dimension
Heater 220V AC 2A 350W 128 mm L1 215 mm
Lighting 220V AC 36 mA 8w 64 LED Fluorescent lamp
Humectation 24V DC 800mA 20W Suitable water depth 3-6 cm
OUTPUTS
. Solenoid Valve PS 5/2-Way Type-C
P tic C 24V DC 200mA 48W
neumatic Lover m G1/4" Namur 24V DC
Fan 12V DC 0.20 A 2.40W  80x80x25MM 2500 RPM
Drip Irrigation 220V AC 20 mA 4W 4.5x3x3 inch 300L/H capacity

2.5. Lighting

Plants need plenty of light during their development period while they need less light during their resting
periods. Measuring the amount of light in the greenhouse, adjusting it appropriately and saving it as a database
file is very useful in researches conducted as to the products grown in the greenhouses (Ciger, 2010). To adjust
the amount of light in the greenhouse appropriately, two pieces of 64-LED fluorescent lamps were used in
daylight form.

2.6. Drip irrigation

The plants grown in the greenhouse cannot take the natural water they need inasmuch as they are in a closed
environment. The water requirement in the greenhouse is generally higher than in the outside environment.
Method of dripping by virtue of perforated pipes was utilized as a method of irrigation in the greenhouse.
Whether the plant needs water or not is determined by virtue of the information received from the sensors and
the irrigation process is started and terminated automatically by the system (Inan, 2002).

3. Greenhouse Automation System with Matlab GUI

Internal environment variables such as temperature and soil moisture can be perceived, monitored and
controlled through usage of the developed Matlab GUI based greenhouse automation system. The symbolic
representation of the system which has been designed is provided in Figure 1. As it can be seen in the figure, the
input and output elements in the greenhouse communicate with the computer by virtue of the Arduino Mega
control card. Some of the output units were operated by virtue of the 24V relays in the cabinet inasmuch as the
5V relay is bigger than the contact ampere value.
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Figure 1. Symbolic representation of the designed system

Humectation

There is the Matlab GUI interface software, with which users have communication to enter set values, observe
output elements, and monitor sera environment values, in the computer section in Figure 1. This software also
includes a control process to control the status of the outputs. There are two main programs according to the
pseudo code given in Algorithm 1. The user must enter Set_D and Set_Nt for temperature; Set_H for the relative
air humidity and Set_M for the soil humidity. A hysteresis band has been created to be * 1 so that the outputs in
the system will avoid continuous on-off. Day program has been arranged to operate between 07: 00 and 20: 00
while the night program has been arranged to operate between 20: 00 and 07: 00. In addition, automatic
greenhouse illumination has been conducted between 20:00 and 22: 00 in order that plants can benefit from

daylight more.

Algorithm 1. Pseudo Code of Greenhouse Automation System

hour=0;

While hour < 24

Day Program

Night Program

if Temperature < Set It

if Temperature < Set_Nt

Heater on; Heateron;
Pnomatic Cover off; Pnomatic Cover off;
else else
Heater off; Heater aff;
Pnematic Cover on; Pnomatic Cover on;
end if end if
[ 0
Lighting off; Lighting 20:00-22:00 an;
if Air Humidity < Set H
Humectation and fan on;
Fentilation fan aff;
else
Humectation and fan aff;
Fentilation fan en;
end if
%
if Seil Mousture < Set_§
Dwvip Irrigation en;
else
Dwip Irrigation off;
hour=hour+1; end if
end while
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Matlab has been developed through C.B. Moler in 1985 to be used in mathematics environment and it is an
interactive package programming language with special purpose modular packages although it can be used also
for general purpose in numerical computation, data analysis and graphics processing. Matlab, which is
particularly utilized in the analysis of systems in the field of engineering offers an excellent environment for
users by including tools such as artificial neural networks, optimization, data acquisation, database, filter design
and fuzzy logic (Haigh, 2008). Problems in Matlab can be solved by writing programs that run on the command
line while visual software consisting of objects such as forms and buttons can also be created by using the Matlab
GUI development tool (The MathWorks, 2002).

Information as regards the structure of the designed graphical user interface will be provided in this section. The
user interface is provided in Figure 2 and it is required to press the START button after entering the desired
temperature, soil and air humidity values in the greenhouse environment. Instantaneous values of temperature,
soil and air humidity data as regards the greenhouse are numerically displayed in the "Graphs of Inputs"
window. The change of the data depending on the time can be recorded on the graph at the same time.
Transmission of data is provided by virtue of Serial Communication protocol between Matlab GUI and Arduino.
The data are analyzed, displayed and recorded instantaneously in the Matlab environment thanks to this
program. There are signal lamps on the upper right of the interface which indicate the current operation status
of the greenhouse outputs. If the red lamp is on next to the relevant output element, it means that the relevant
output element does not operate while if the green lamp is on it means that the relevant output element is
operating.

| - =

OPERATIONAL POSITIONS OF OUTPUTS

Figure 2. Matlab GUI Interface
4. Evaluation of the Experimental Data

Because soil, water and climate requirements of each plant is different from the other, entering these values
according to the grown plant is one of the most important issues to be taken into consideration in greenhouse
operations. Three products with different water and climate requirements were selected in our study
(http://www.tarimkutuphanesi.com. [Access Date: 20 04 2018.] ). The pepper plant requires plenty of watering
while the required temperature should be in the normal value. As it can be seen in Table 2, the Cucumber plant
requires higher day and night temperature values compared to other two plants. It is desirable that the
strawberry's moisture value should be high and accordingly its temperature value should be low.

Table 2. Soil water and climate requirements of plants used in the study

Used Product ;Zr‘r(lperatu;; Gf-lT Relative Air Humidity % Soil Moisture %
Pepper 20 17 55-60 47-52
Cucumber 25 20 50-55 35-40
Strawberry 17 15 55-65 35-40
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The maximum amount of water that the soil can hold against the force of gravity is called the field capacity. In
other words, field capacity is the percentage of moisture retained in the soil when the water movement is
practically stopped after leaked water following rainfall or irrigation, is completely withdrawn. The field capacity
constitutes the upper limit of beneficialness of water to the plant. The field capacity is between the saturation
rate of 75 % and continuous fading rate of 30 %. The water between the constant fading rate and the field
capacity is the beneficial water. Plants benefit from this water (http://www.sapancasulamasistemleri.com.tr.
[Access Date: 20 04 2018.]). Therefore, it has been deemed appropriate to determine the soil moisture content of
47-52 % for pepper and 35-40 % and for cucumber and strawberry.

The Matlab GUI based sera automation system created is provided in Figure 3. It has been operated as if there
were greenhouse plants for pepper and cucumber vegetables and the results were received during the
application phase. As it can be seen in Figure 3, subsequently strawberry was planted as 6 flower beds and the
system was taken to continuous operation. The equipment utilized in the design was given as small images
around the main image.

Figure 3. The designed greenhouse system and images of the used elements
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Temperature of Pepper vegetable Table 3. Results for pepper vegetable.
1
24 Sceat Yjuie Time | Number of
22 . P (m) Works
= time (m)
% 20 Heater 15 135 27
2 18 A l\ /\ Lighting - 120 1
9 16 vVvyY Humectatio 29 30 3
OEJ 14 ——Up Set Value n
= 12 Down Set Value Pne. Cover 3 16
= Actual Value Fan - 16
10 -
0 5 10 15 20 25 Drip 4 13 3
Irrigation
Time(h)
Figure 4. Temperature curve of pepper vegetable

Figure 4 shows the change in environmental temperature measured during the daily sampling interval for
temperature range desired for day and night working period for pepper. It was seen that the heater turned on
and off more, especially during the night time. The number of turning to on and off was more than the number in
the chart based on the fact that the temperature values were taken at the beginning of the hours. For example,
the heater may be activated and deactivated within one hour, but may not be seen at the beginning of the hour.
As such, a counter was placed in the program to determine how many times it operated. The number of
operation of output elements and approximate operation times for the pepper is provided in Table 3.

Control of soil moister in the greenhouses is generally in the form of a continuous drip irrigation system during
the day, morning and evening. There is a possibility that the amount of water supplied is too high. Instead of it,
formation of soil moisture according to the information received from the soil moisture sensor was considered to
be a more appropriate irrigation system. Figure 5. Shows the green house soil moisture graphic curve for
cucumber. In this experimental application, greenhouse soil moisture value was desired to be 35-40 %. It was
observed that after a short period of 4-5 minutes of operating the system, the measured humidity remains
constant between the desired values. Here, when the humidity value falls below 35 %, the drip irrigation device
is automatically operated and the values are increased to the desired conditions. As indicated in Table 4, drip
irrigation has been performed 3 times a day, including the first day of operation.

Soil Moustere of Cucumber Table 4. Results for cucumber vegetable.
50 Sce::p“lcillie Time Number
f Work
< 45 time (m) (m) of Works
v Heater 14 152 32
S 40 ——
b= Lighting - 120 1
3 35 v S Humectation 21 35 4
2 Pne. C ! 15 5
= 30 —— Up Set Value he. L.over
3 Fan - 15 5
Down Set Value Dri
25 = Actual Value Irri p 4 11 3
rrigation
20
0 5 10 15 20 25
Time(h)
Figure 5. Temperature curve of cucumber
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Lastly, the system was operated for strawberry. Figure 6 shows the indoor air humidity graph curve while Table
5 shows the data obtained for this fruit. Humidity value was desired to be 55-60 %. It is observed that the
measured humidity remained constant between the desired values following a very short period like 19-20
minutes after the system is started. Especially at night and in the morning, it was seen that air humidity did not
change much, so neither drip irrigation system nor moisturizing system were not activated. At the same time,
pneumatic covers and fan were activated when the desired value is exceeded, to reduce the inner greenhouse
moisture.

Air Humidity of Strawberry Table 5. Results for strawberry.
70 Setval
65 A\ .\ cea ‘ﬁlnie Time Number
. P (m) of Works

< 60 time (m)
= e Heater 14 122 28
§ 50 Lighting - 120 1
§ 45 ——Up Set Value Humectation 19 34 2
I
£ 40 Down Set Value Pne. Cover - 11 3

35 e Actual Value ]Sa'n . 1 3

30 Irri Zgon 4 1 3

0 5 10 15 20 25 &
Time(h)

Figure 6. Air Humidity curve of strawberry

Application results have shown that the control system designed by using Matlab GUI has a satisfactory
performance to maintain the desired temperature, soil and air relative humidity values and is applicable.
However, monitoring of the the physical quantities and control outputs with low cost could not be realized in a
possible manner.

5. Conclusions

The humidity, heating, irrigation, ventilation and similar greenhouse climate features which should be in the
greenhouse was controlled by computer through utilization of Matlab GUI interface and kept within certain
ranges according to the characteristics of the product to be grown in the greenhouse. It was proved, as a result of
the experiments carried out, that the greenhouse can be controlled successfully thanks to such a system and the
physical quantities such as temperature, weather and soil moisture can be followed up. The system, prototype of
which was established, has been operated successfully in a greenhouse where heating, humidity watering and
ventilation control are necessary.

It was shown that the developed system can be operated in greenhouse type applications. The system can be
enlarged and utilized efficiently in product growing for commercial purposes. The most prominent feature of the
presented system is that it has an easily applicable structure for other agriculture, poultry and stockbreeding
areas with small changes in the software infrastructure. Pneumatic ventilation window used in the work done
has achieved moisture control easily. Temperature and humidity control could be made more effectively
especially in summer by virtue of the fan system added. Greenhouse control and monitoring system can provide
decrease in price and ease of use compared to similar systems. Electronic circuit used elements used in the study
are cheap to easily available elements. The Arduino Mega controller used is the controller with the most
abundant technical support in this field. The software developed for the system is easy to program for the user
and can make recording and draw graphs simultaneously. In addition to monitoring greenhouse systems online
via internet usage and development of complex and advanced level control systems like fuzzy logic should be
done in the next stage of this study.
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