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The Internet of Things (1oT) is a new, ongoing revolution. It often uses wireless sensor
network (WSN) technologies because these technologies are among the most important
solutions for monitoring and controlling the systems. This article provides a model of a
smart greenhouse. In this regard, the main contribution of this paper is an innovative
implementation of a micro-climate controlled environment for optimal plant growth, based
on loT technology and using a fuzzy logic controller. Using this system, we attempted to
optimize the functionality of the system proposed by exploiting an Arduino UNO board
for data acquisition and processing. The input variables are analog values captured by
ZigBee wireless network sensors that are then processed using fuzzy logic control software
with heating and extractor control signals. At the same time, all data were sent to the server
through a Wi-Fi internet connection, which permitted remote monitoring and analysis of
the data via a web browser with tablets, smartphones, and laptops. Results show that the
choice of a fuzzy logic controller could promote a comfortable greenhouse micro-climate.
Also, we showed the efficiency of our proposed solution for greenhouse climate remote

monitoring anywhere via loT technology.

1. INTRODUCTION

By the year 2050, the world will face a significant challenge
related to ensuring the availability of food for 9.8 billion
humans [1, 2] and will require new agricultural land roughly
equivalent to the size of Brazil. Any less agricultural land will
cause cultivators great difficulty in producing more food,
especially in the developing world [2, 3], and that type of
environmental change increasingly influences agriculture,
posing real challenges to this vital sector.

In this vein, the greenhouse is an important part of modern
agriculture that can make agricultural production independent
from climate and geographical constraints, greatly improving
crop yield and their listing period [4]. Thus, the control and
management of greenhouses have become an essential part of
agricultural automation.

Traditional greenhouses depend on human interventions to
control environmental parameters, as a result, energy is lost
and optimal production not reached.

This circumstance is an opportunity for many researchers
and innovators who are working to develop and introduce
innovative agricultural methods in an attempt to use
technology to find solutions to these challenges. One of the
potential solutions is raising the level of vertical farming [4],
which is a great solution for growing large amounts of food in
a limited agricultural space. A special technology can be used
on vertical cultivation within the farms to control the various
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factors, such as the lighting, water, etc. In addition, traditional
greenhouse acquisition and control systems require the
arrangement of a great number of connecting cables. The high
temperatures and humidity of the greenhouse can quickly
damage these cables. Therefore, the need is urgent for the
development of wireless sensors and reliable wireless control
systems. These two latter are easy to use instead of sensors
connected by wires [5].

Nowadays, smart agriculture is a must, not for farmer
laziness but for optimization production, as 70% of the
farming time is spent supervision and understanding the crop
cases instead of doing effective fieldwork. Such development
will be possible when the agricultural field exploits new
information and communication technologies to address
challenges related to increased agricultural production with
less pollution, water consumption, and agricultural inputs [6].
For that, “Smart agriculture” (or “smart farming”) is a
revolution in indoor vertical farming that enables producers to
improve the agricultural task chain while modernizing land-
based farms [7].

Smart agriculture is made possible through the contribution
of the Internet of Things (1oT). In the 10T model, many objects
can be connected in one form or another [7, 8]. To reach their
common goal, these objects must be characterized by a unique
address and communicate with standard protocols that allow
them to interact and collaborate [9-11]. The 10T is a means of
connecting physical things to the Internet network, including
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allowing access to a large amount of remote sensor data that
makes it possible to control the physical world from a distance
[12]. The use of 10T in greenhouse agriculture participates in
its development. In this paper, 10T can monitor and analyze
useful information from the greenhouse to the owner/farmer in
real-time from anywhere at any time from any active internet
device. So, the system collects the data through wireless
sensors, inside and outside of the greenhouse. Then these data
are processed by a fuzzy logic controller (FLC) algorithm
implanted in an Arduino UNO board. The control of
greenhouse temperature and humidity is realized by using
heating and extractor control output signals. Also, at the same
time, data are sent to a database server to be stored and
archived for the long term. Furthermore, the user interfaces
offer a menu to analyze the greenhouse parameters. It can give
the collected data to growers by using a laptop or smartphone
connected to the internet.

However, the 10T brings unique challenges, such as the
connection and configuration of sensors to applications. Also,
since it is not as easy as manually connecting sensors to an
application or a form of middleware [13], this enormous
amount of sensors in distributed environments [14] will lead
to the creation of massive amount of heterogeneous data. As a
result, the means of acquiring, integrating, storing, processing,
and using these data has become an urgent and important
problem.

These challenges are quite different from those of
traditional data management, and solving them contributes to
the emerging model of “big data” [12, 15] and cloud-based
platforms [16, 17]. Indeed, the European Commission predicts
that, by 2020, the “Internet of PCs” will be replaced by the 10T
[18, 19]. Moreover, the number of the world population will
represent more than 7.6 billion versus exceed 50 billion
devices connected to the Internet [18-20]. These devices
include personal computers, smartphones, and other hand-held
and embedded devices. These most devices contain different
sensors and actuators that can sense, perform computations,
make intelligent decisions, and transmit useful information
through the Internet. This technology will become widely
available because of advances in many technologies, including
multifunction systems in chips, ubiquitous cloud services, and
digital communication provided by cognitive radio [18].

On the other hand, the greenhouse environment system is
very complicated as it is a large, nonlinear, multivariable
system featuring large disturbance, time variances, uncertainty,
and imprecision [21-23]. Besides, the wireless sensor
networks deployed for event detection and the greenhouse
monitoring sensor networks environment model should be
able to detect if particular events of interest have occurred or
are about to occur. Hence, appropriate techniques are needed
that allow for the describing of events in ways that sensor
nodes will be able to translate a physical phenomenon [24],
which makes it difficult to set up a precise mathematical model.
In contrast, the important characteristics of the Fuzzy logic
that makes it suitable for describing WSN events.

A fuzzy control system is a recent approach widely used in
many domains, such as agriculture, in particular for
greenhouses. Fuzzy systems can maintain internal climates in
good enough and can provide to understating energy
consumption.

The Fuzzy logic is not based on a precise mathematical
model of a controlled system, and it does not require the
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precise description of a controlled object. Also, it is robust and
adaptable and easily learned by an operator. It is much closer
to natural ways of thinking than crisp logic, making it easy to
implement. Further, it can use with 10T in agriculture [25]. As
such, it is very suitable for controlling a complex greenhouse
system. Almeida [15] discusses the fundamental technologies
of big data and analysis the conception of big data volumes.
Somov et al. [3] used the IoT deployment in a tomato
greenhouse in Russia. The 10T technologies applied in the
cited paper comprise WSN, cloud computing, and artificial
intelligence. Putra et al. [9] worked on the implementation of
a smart garbage system based on 10T using the ultrasonic
sensor within the internet network. Some published papers that
have reported on fuzzy control employment to manage the
indoor greenhouse micro-climate conditions: Bambang et al.
[25] developed a monitoring system for micro-climate
management in pilot-scale indoor aeroponics. Also, Mulenga
et al. [26] indicated that internal air problems can be made
worse by climate change, which in turn alter the outside
conditions that affect inside conditions. Mirzaee-Ghaleh et al
[27] demonstrated that fuzzy controllers provided the best
response, with a lower error and better performance versus
disturbances by ambient conditions for relative humidity and
temperature indoor studied poultry houses. On the other hand,
Manonmani et al. [28] monitored only the temperature and
humidity values of a greenhouse using an artificial neural
network (ANN) model for effective and high-quality pepper
farming in a greenhouse environment. Azaza et al. [29]
developed a system that comprises a fuzzy logic technique that
regulates energy consumption in the greenhouse using
temperature and humidity values. Pahuja et al. [30]
implemented a rule-based temperature control system using
virtual instrumentation technologies together with the WSN.
The temperature was tracked and smartly controlled with
software built on the Graphical User Interface (GUI) on the
host computer.

So, considering related works cited, it can be established
that there is a need to have a suitable regulated micro-climate
for different types of crops, which includes four major
environmental parameters, namely temperature, humidity,
amount of carbon dioxide (COy) level, and light intensity.

In this paper, we aim to build a smart efficient system that
monitors and controls internal greenhouse temperature, and
humidity, based on the 10T using wireless sensor equipment.
However, the key aim of the study is not only the creation of a
consistent growing environment, but it also automates and
makes the whole system smart to save manufacturing costs.
The suggested solution focuses on greenhouse internal
temperature and humidity measurement and regulation, but it
can be applied to other types of properties, e.g. Dioxide in
carbon (CO,).

The contributions of the present study can be outlined as
follows:

A- The proposed model aimed to develop a micro-climate
management system inside the greenhouse.

B- Using a web page that permitted anywhere monitoring
internal greenhouse conditions.

The rest of this paper is organized as follows: Sec. 2
presents the Greenhouse monitoring systems. Section 3
provides the structure of the proposed system. Sec. 4 describes
the evaluation methods and results. Finally, a conclusion is
given in Sec. 5.



2. DESIGN OF GREEN HOUSE
SYSTEM

MONITORING

Production of crops in greenhouses has become a principal
way for growers to control most production parameters. It
allows them to achieve better agricultural productivity than in
open fields by optimizing land use to provide a variety of fresh
vegetables and fruits throughout the year and for a longer
duration [31-33].

In fact, important control parameters are [34]:

-Temperature is generally the most important variable to
control both the point of plant survival life (a few minutes at
extreme temperature can destroy a plant) and of its growth.

-The humidity of the air is also an important variable. A
period of several hours at 100% humidity should be avoided,
which can block the transpiration of the plant. Also, avoid too
low humidity levels which dry out the plant.

-Soil moisture is less critical for durations of a few hours,
but it is an important variable for the plant to be able to feed.

-The level of CO; must be regulated in very airtight
greenhouses which rapidly consume the rate of carbon dioxide
during photosynthesis. This CO- rate can be enriched in cases
where there is insufficient sunlight.

-The lighting can also be regulated to control the
development of the plant: by means of artificial lighting to
accelerate its development, by shade curtain to slow it down.
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Figure 1. Study area situation

South Algeria is a region of the world known for its extreme
climate. Indeed, Biskra is situated in southern Algeria as
shown in Figure 1. The city was therefore selected to carry the
experiment. Biskra has desert climate which is very hot. The
summer is very hot and dry and the winter is mild. [35].
Furthermore, full periods of sunshine normally last a large part
of the day. Thus, temperature regulation in the greenhouse is
extremely difficult during the portion of the day when the
Sun's rays maximize. It is very important to maintain an
adequate temperature in a greenhouse setting. In only a few
hours, temperature increases will affect the plants, and thus
decrease productivity. On the other hand, the Biskra Province
is the first producer of early vegetables, which produces 32%
of national protected crop production [35].

In addition, the tunnel greenhouse is the most common
structure in this area. In this work, it was used to provide a
realistic investigation. There are many arches implanted in the
soil and covered with a plastic envelope. The standard
dimensions are 8 m in width, 50 min length, and 3 m in height
[36].
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Generally, only certain variables will be regulated
depending on the local climate. Temperature and humidity are
considered to among the generality influential parameters in
plant production [37]. Indeed, greenhouse temperature has a
considerable impact on vegetative growth [38]. The
hygrometry desired by a farmer is between 40% and 60%.
Furthermore, humidity varies with temperature; when
humidity falls below 40%, the plant transpires more. While it
does not destroy the plant, it does quickly deplete its water
supply. Also, when the air is too humid, the plant is exposed
to attacks from fungus, mold, slowing of transpiration, and
slowing of crop growth. Too much moisture is often due to the
wrong extraction system or lack of good ventilation in the
greenhouse. To improve a greenhouse’s profitability, it is
essential to optimize the surrounding climate for crops.

The geographical region where the greenhouses are situated
is characterized by specific climate conditions. The
greenhouse has a special volume. Thus, the ventilation system
should provide the entry of carbon dioxide into the greenhouse,
and can balance the internal temperature of the greenhouse,
which means reducing the high temperatures caused by
exaggerated exposure to sunlight. Also, the relative humidity
in the greenhouse should be balanced [35, 36].

To reach that, it is necessary to control and constantly
monitor the climatic parameters mentioned above by installing
adequate equipment to heating, ventilation, misting and
openings that act preferentially on one factor by modifying the
others.

In the present work, we have tried to develop a smart
greenhouse control and monitors, based on 10T technologies
and embedded multi-chip sensor nodes [39] with fuzzy control,
and WSN.

Our proposed solution, allowed the greenhouse to be
automatically controlled by measuring parameters with
various wireless sensors ingeniously placed in all the space.
Collected data on the controller should be processed, then
decisions are taken. In this stage, commands are sent to the
selected actuator. Via a wireless internet connection, data and
real-time decisions are transmitted to the server.
Simultaneously, the data are permanently received by the
server and saved in a database. This allows the farmer,
cultivator, and other users to view the data from a web browser
on an internet-connected device (smart laptops, smartphones,
etc.). In our proposed design, we chose the most influential
greenhouse parameters, namely external (outside) and internal
(inside) temperatures, external (outside) and internal (inside)
humidity levels, wind speed, and finally, global radiation.
However, external experts will be hired to conduct heating and
extraction processes to control the two aforementioned
variables as clearly shown in Figure 2.
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Figure 2. The most influential greenhouse parameters



3. THE STRUCTURE OF THE PROPOSED SYSTEM

The use of modern technologies in protected agriculture
assures reduction of the production cost and increases the
farmer's profit by increasing productivity in terms of quantity
and quality. So, many parameter measurements are required to
monitor and control the good quality and productivity of plants
in greenhouses. But some very important factors come into
play to get the desired results, such as temperature, humidity,
light, and water, which are needed for better plant growth [34].

In this paper, the proposed system uses 10T technology in
the agricultural area to develop a smart greenhouse, by
controlling and monitoring the climatic conditions necessary
for plant growth, including internal temperature and humidity.
The system employs fuzzy logic implemented in the Arduino
UNO board.

The Arduino UNO board collects data (external temperature
and internal temperature, external and internal humidity, wind
speed, and global radiation) captured by ZigBee wireless
network sensors, which are then processed using a fuzzy logic
control algorithm with heating and extractor control output
signals. The data can also be visualized in the LCD display.

At the same time, all data will be sent to the database server
through a Wi-Fi internet connection; these data can be
accessed from the cloud with a web browser by authorized
users using tablets, smartphones, and laptops. 10T application
permittes remote monitoring and analysis of the data.
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Figure 3. Architectural design of the greenhouse system
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The structure of the proposed system is described in Figure
3. The system consists of four parts: (1) wireless sensor
network; (2) fuzzy control; (3) processing; and (4) server
application parts. The parts are explained in detail in the next
section.

3.1 Wireless sensor network part

Greenhouses are exigent measurement environments.
Previously, most greenhouse monitoring and controls have
been wire connected, but the high cost of installation and
maintenance has limited the use of that type of system. In a
greenhouse, the timeframe of a cultivation cycle is limited.
Thus, only wireless sensors designed to operate in severe
environments can be used in these environments. Therefore,
accuracy, long-term stability, and the integration of the facility
are some of the most important factors to consider. Moreover,
the shorter lifespan of the cultivation cycle reduces the
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problem of power consumption, which is the most valuable
resource of a WSN.

This type of network directly influences the length of the
lifetime of the sensors and, therefore, the entire network.

As indicated above (see Figure 2 and Figure 3), the
greenhouse parameters, external and internal temperature,
external and internal humidity, wind speed, and global
radiation, will be acquired in real-time by deploying six types
of sensors. In this study, two sensors were installed inside the
greenhouse with specific parameters, and four sensors were
installed outside the greenhouse to detect global parameters.
Furthermore, the most popular wireless standards are ZigBee,
Bluetooth, ultra-wideband (UWB), and Wi-Fi. In refs 31 and
32 a comparative study was considered according to
guantitative assessment of the transmission time, data coding
efficiency, protocol complexity, power consumption, radio
channels, security, etc.

The ZigBee (ZigBee/IEEE 802.15.4 network standard) can
provide the design requirements of reliability, security, low
cost, low power usage, and capacity, enabling a device to
connect to a single network [31-33, 40, 41]. Thus, we chose
ZigBee WSN technologies, which are the most suitable for a
greenhouse application [42]. The remote sensor nodes are
implemented with an XBee module from Digi, which
encapsulates the 802.15.4 radio transceiver with the ZigBee
protocol stack and the analog sensors. For the global external
parameters for all greenhouses, we used the analog resistive
temperature and humidity sensors based on product features,
such as low power consumption, small size, temperature
compensation, calibration microcontroller linear output, low
cost, and precise calibration. For example, the DIY Arduino
Wind Speed Meter-Anemometer sensor has an analog voltage
output that makes it ideal for interfacing with an Arduino; it is
rugged and easy to mount.

For global radiation, we used a photocell to sense light.
Moreover, each of the sensors was connected to the analog
input of an Xbee transceiver. For the specific internal
parameters of one greenhouse, we also used resistive
temperature and an AMT1001 humidity sensor, connected to
the analog input of another Xbee transceiver. Each module is
configured as an 'END DEVICE".

3.2 Fuzzy control part

Greenhouses offer cultivators the opportunity to control the
climate (temperature, humidity, and light) to enhance plant
production. Our present work focused on ways to control the
inside temperature and inside humidity in a greenhouse. These
two variables are strongly influenced by outside temperature,
outside humidity, wind speed, and solar radiation.

A greenhouse climate is a nonlinear time variant multiple-
input multiple-output system (MIMO) [43]. Therefore, there
are many challenges in modeling and controlling a greenhouse
climate. Fuzzy control is an important component of
intelligent control that does not require an accurate description
of the controlled system. Consequently, it does not depend on
an accurate mathematical model. It has good robustness and
adaptability, and it is readily accepted by the operator [44, 45].
Thus, it is very appropriate for controlling a complex system,
such as a greenhouse.

L. Zadeh introduced fuzzy sets and fuzzy logic in 1965 [46]
as a way of representing and manipulating data that were not
precise [46]. Fuzzy logic is an extension of classical logic that
allows the modeling of imperfect information and approaches



to control problems; it mimics how a person would make
decisions but in a much faster way [47]. It may be
implemented in hardware or software, or both.

The fuzzifier converts the input crisp variables using the
appropriate membership functions of the fuzzy linguistic
variables, which are words or phrases in a natural or artificial
language, not numbers [24]. This principle is illustrated in
Figure 4. Figure 4 shows the proposed Fuzzy logic model for
the greenhouse. The input signals are external temperature and
internal temperature, external and internal humidity, wind
speed, and global radiation. The output signals are the heating
and extractor controllers.

In the standard fuzzy partition, each fuzzy set corresponds
to a linguistic concept. For this application, low, medium, and
high are the linguistic variables. For this case, we chose an
Assilan-Mamdani type fuzzy logic controller. An example of
a membership function set for the input is shown in Figure 5.
Also, Figure 6 presents an example of fusing by Arduino
language.

Furthermore, because we have six entries with three degrees
of membership, 729 is the maximum number of possibilities
for all the rules, according to these entries. This number was
concatenated to 77 rules. Figure 7 shows an example of some
rules programmed with Arduino language.

External humidity

External

Temperature
Wind speed 5
P The fuzzy-neurone ~ Heating
Arduino Platform
Global radiation Extractor

Internal
Temperature

N\

Internal humidity

Figure 4. The proposed fuzzy logic model for the greenhouse
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ad fuz_ext_temp = "max';
91 1

928 if ({sensorValue < 18) {

93 sensorMaxExtT = 'min';

94 }

a5E@ if {(sensorValue > 18) and (sensorValue < 28)) {
96 fuz_ext_temp = "mid';

97 }

32E if (sensorValue < sensorMax) {

fuz_ext_temp = 'min';

Figure 6. Example of fusing by Arduino language
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00 BEEH
greenhouse &

// Rule base Interface scheme

if ({fuz_ext temp == 'min') and (fuz_int temp == 'max')
and (fuz_int him == 'max') and (fuz_win == 'max')
and (fuz_rad == "max') and (fuz_ext him == 'max'))
el {
19 heath = "min' ;
120 extra = "max' ;

Figure 7. Example of some rules programmed with Arduino
language

The fuzzy rules are written as follows:

If X1 is F1 and X2 is F»...and x, is Fy, then y is Fy (1)

An example of some rules as indicated below:

IF W-speed IS low AND G-radiation IS low AND H_ext IS
Average AND H_int IS Average AND T_ext IS low AND
T_int IS Average THEN Heating is low AND Extractor is
Average

IF W-speed IS Average AND G-radiation IS Average AND
H_extI1Slow AND H_int IS low AND T_ext IS Average AND
T_int IS Average THEN Heating is Average AND Extractor
is Average

IF W-speed IS High AND G-radiation IS High AND H_ext
IS High AND H_int IS Average AND T_ext IS Average AND
T_int IS Average THEN Heating is Average AND Extractor
is Average

IF W-speed IS Average AND G-radiation IS Average AND
H_ext IS low AND H_int IS Average AND T_ext IS High
AND T _int IS Average THEN Heating is Average AND is
Extractor Average

IF W-speed IS low AND G-radiation IS low AND H_ext IS
low AND H_int IS low AND T_ext IS High AND T_int IS
High THEN Heating is low AND Extractor is Average

IF W-speed IS High AND G-radiation IS Average AND
H_ext IS low AND H_int IS low AND T_ext IS High AND
T_int IS High THEN Heating is Average AND Extractor is
low

In fuzzy logic, the toolbox window of the controller
structure is presented in Figure 8.

J HSEdtor grecabouse
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Heating

........
e,
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Extractor
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greenhouse

(mamdani)

Figure 8. The toolbox window of the controller structure in
fuzzy logic

3.3 Processing part

Real-time embedded systems are typically small in scale.
Some projects require determinism hardware where logic is
achieved on an ASIC or FPGA [48], but our solution is
implemented in a software program on calculators. The



Arduino UNO board was used as the base station controller
[49] since it is compact, inexpensive, and has low power
consumption. It is also able to process the fuzzy logic
controller and eliminates the need for a computer.

The system collects data from a WSN using an Xbee shield
and is configured as the coordinator, which makes it a WSN
node. Then, the data detected by the sensor nodes can be
locally processed with a predefined fuzzy controller and
generates outputs for different inputs. The fuzzy output
controller is fed to the Arduino board for the generation of a
command signal corresponding to the changing input signal.
Also, the commands are sent through the coordinator Xbee
shield to the different actuators. At the same time, it can
communicate with the internet via an ESP8266 Wi-Fi Module.
The latter is a self-contained SOC with an incorporated
TCP/IP protocol stack that permits any microcontroller to
access a wireless network. Moreover, the data and orders are
transferred to the hosting server using wireless networks.
When data is received by the server, they are stored and
analyzed on cloud servers. Therefore, when cultivator,
engineer or users want to consult and observe data. They will
use a web explorer through a computer, tablet, and smartphone,
etc.
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3.4 Server application part

When a cultivator, an engineer, or other users want to
consult data that was sent from the Arduino part, they need to
type the website address or domain into their browser through
a set of devices (laptops, smartphones, PCs). The selected
device will then connect to the server, and web pages will be
delivered to the users through the browser. The Cloud server
will receive, save, compute, and analyze data. For all of these
functions, the users in that area have chosen the use of the
cross-platform web server XAMPP set, the house Apache
server that comes bundled with MySQL database, PHP (a
server-side scripting language), Perl (another server-side
scripting language), the FileZilla FTP Server, and the Mercury
Mail Transport System.

A database in MySQL, named
implemented as shown in Figure 9.

“arduino”, can be

4. RESULTS DISCUSSION

The system structure is comprised of several elements as
shown in Figure 3. Firstly, we completed a series of tests to
detect possible problems in the implementation, with the
intention of ascertaining that is performed correctly. Secondly,
all parts were assembled, and an internet Wi-Fi connection
was established. The access to the web page from a
smartphone, tablet, or laptop allows the user to display
received data in a digital or graph form.

The designed system collects global data which are external
temperature, external humidity levels, wind speed, global
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et el il Bt minutes. The results have shown the differences between the
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Cat 2i Copy @ Dotote greenhouse parameters without controller (Figure 10) and the
Edit 3¢ Copy @ Delete greenhouse parameters with controller (Figure 11). Figure 10
Edit 3 Copy @ Delete illustrated that the confined air reaches an average temperature
Edit 3 Copy @ Delete of 41.80°C when the average air of outside temperature is
26.00°C. On the other hand, relative humidity in the interior is
Figure 9. "arduino" database lower at 19.1%. This remarkable humidity diminution makes
the greenhouse converts the external environment from dry
warm to a desert type micro-climate.
80
" \ /_-
60 ~ //
50 \Y\ /_/
40 WJL—
30 ’_’// ‘/M
20 f—— — o
— ff/_’
10 — =
0 ’/\
S 9 09 9 9 990999 S99 oeS S oSSSCSSSSSSSSSSSSSSSSSSSSSSS S
eaeNenRenNeEQenNneRenNEaeQReEREnNEReERASQRsRsAENEQEeEReEQReEAsTReEn
S rriNNOMTTHD OO NN T TSRS T"ONMNOM
S e 099990999 9e 99090 T T TN T T T T NN N NN NN
inside temperature outside temperature inside humidity outside humidity global radiation wind speed

Figure 10. Internal and external greenhouse parameters without controller
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Figure 11. Internal and external greenhouse parameters with controller

Figure 12. An example of the parameters displayed by LCD
interface with Arduino

On the other hand, as shown in Figure 11, it can be observed
that the internal temperature reaches an average temperature
of 20 <C; this is due to the performance of the fuzzy logic
controller. It is worth remarking here that when the inside
temperature will start to rise with outside temperature, the
operator extractor intervenes to moderate the atmosphere with
low, and when the outside temperature more increased, he
works with height. Also, there is significant stability of inside
humidity near outside humidity. As a result, that will create an
optimal environment for plants in the greenhouse

Figure 12 shows the parameters over the LCD Arduino
interface for Greenhouse Monitoring System.

It can be asserted that the greenhouse cycle is seasonal, Thus,
there are no significant climate changes. Also, the growth
stages of any plant are not immediate. Therefore, the changes
in its climatic requirements are divergent. So, it can be
controlled manually by changing and controlling the input
signals, at the beginning of each growth stage by programing
the Arduino.

Also, to have access to information, we developed
interfaces, making the dialogue between humans and
machines easy. In addition, they have to take into account the
set of ergonomic choices, such as readability,
comprehensibility, and easy-to-understand features, for the
whole range of potential users.

Figure 13 shows how the data are received by the server.
The data arrive sequentially in the digital form on a single
block containing internal temperature and humidity values
with the time and date of the received data.

Also, data can be accessed from web pages with any internet
connected device. This device allows the user to display and
interact with the server data in real-time.
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Figure 13. Received internal temperature and humidity data
in digital form
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Figure 14. Received data (Inside Temperature) in graph form

As shown in Figures 14 and 15, the web page consists of
two sections; one to display parameters in numerical form.
This allows the user to monitor the greenhouse climate. The
data includes the internal temperature [in degrees Celsius (°C)],
time, date, and the internal humidity [(in percent)], time, date.
It can be noticed that the visualization of data in graph form is



a powerful tool [50] to analyze and monitor the greenhouse
climate.

Also, the web page displays numerical data values received
in graph form (see also Figures 14 and 15), which show the
graph of the variation of internal temperature and the internal
humidity according to time, respectively. The two types of
data visualization allow for genuine analyses and accurate
discussions.

rivers for Andi

Inside humidity in %

Figure 15. Received data (Inside humidity) in graph form

5. CONCLUSION

The system can monitor and intelligently control the
greenhouse climate through the internet based on loT
technology. One major advantage of the design is the
integration of the WSN node and the fuzzy control program
using a simple Arduino Uno board. Also, an internet
connection unit allows the system to be tracked in real-time.
Hence, this creates an ideal climate for the proper growth of
plants with effective telemonitoring, opportunities for data
analysis and more accurate discussion.

In our future work, we can add a remote change of input
signals controller, and we plan to extend the system to include
irrigation, the regulation of CO; level, etc., as well to provide
more precise control for greenhouse farming. To improve the
operational safety of the system, we can integrate redundant
processing in the server. Verification might be accomplished
by comparing results. If the results agree, the system is
operating properly; if not, alerts messages can be transmitted.
Such design is of great importance and could be applied on a
wider basis in many monitoring, command, and data collection
applications.
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NOMENCLATURE

W-speed Wind-speed
G-radiation ~ Global-radiation
H_ext external humidity
H_int Internal humidity

T ext external temperature
T int Internal temperature





