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Abstract With the progress in sensor and cloud technologies in contemporary times, a range of intelligent agriculture

applications has gained considerable prominence. It is predicted that these developments can continue to pique the interest

of researchers in the future. On the other hand, it is seen that IoT (Internet of Things)-based models are used in various

fields. Herein, the primary objectives of this study are to enable farmers to remotely monitor and manage field conditions

through sensor technology and IoT integration. In addition, these technological advancements make it possible to take the

required measurements. Farmers can optimize their agricultural practices based on the analysis of the data obtained for this

application. Thus, the aim is to manage the agricultural process more effectively and efficiently. In this study, an IoT-based

framework is proposed for agricultural data monitoring. Light, temperature–pressure, smoke, humidity, and soil dryness

values can be measured from GY-30, BME280, MQ-2, DHT11, and YL-69, respectively. An ESP-32S development board

is used to collect data from sensors, and this board is coded using Arduino IDE. Subsequently, using ESP-32S, it is sent to

the ThingSpeak cloud service provided by MATLAB via a Wi-Fi connection. Thus, these data can be easily transferred to

MATLAB. We create a user-friendly Graphical User Interface application so that the data can be monitored and analyzed

in MATLAB as well as ThingSpeak. This application allows users to monitor the data flow in real time and can easily

provide the requested values such as maximum, minimum, mean, standard deviation, and current with the help of a button.

In addition, the proposed system sends an e-mail to the user when soil dryness and smoke values exceed a certain threshold

value. The results obtained in the study indicate that the proposed model can save time and labor in addition to providing

reliable and fast data flow.

Keywords ESP-32S � IoT �MATLAB � Smart agriculture �
Remote monitoring � ThingSpeak

Introduction

As time goes by and technology continues to advance,

artificial intelligence and IoT-based models have become

increasingly usable in virtually every sphere of life

[2, 8, 13, 17, 23]. While this is the case, it can be predicted

that these technologies, which can be utilized in various

fields from healthcare to education, can be widely used in

the future. Unfortunately, it is seen that IoT-based tech-

nologies have not been used effectively in agriculture,

which is one of these areas, and the existing techniques that

are widely used do not include IoT-based technologies that

can be monitored remotely [5]. Monitoring values such as
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temperature, relative humidity, soil dryness, pressure, light,

and smoke is crucial for agricultural practices.

In addition, monitoring these values continuously and

instantaneously by users with user-friendly software can

help them to save a significant amount of time or labor. It is

also significant to consider the fact that these data can

contribute to the optimum sustainability of agricultural

production [12].

The use of IoT in agriculture allows farmers to make

more informed decisions by measuring soil quality, plant

health, and environmental factors through sensors. Thus,

providing farmers with remote access enables the

enhancement of sustainability and efficiency in agriculture

within the scope of this study. In this way, it is anticipated

that the agricultural sector will become more resilient and

adaptable to climate changes.

The current climate change, alterations in temperature

and precipitation patterns, and their impact on plant growth

cycles pose challenges for crop growers. Furthermore, the

gradual decrease in water resources necessitates a more

conscientious approach to water management. The rising

temperatures and changing precipitation patterns in the

region affect the soil moisture balance in agriculture. This

situation diminishes the effectiveness of traditional irriga-

tion methods and puts pressure on the sustainability of

water resources. It is significant to collect and analyze

agricultural data through sensors to develop efficient irri-

gation strategies that take climate change into account.

In this study, measurements of light, temperature and

pressure, smoke, humidity, and soil moisture are taken

using GY-30, BME280, MQ-2, DHT11, and YL-69 sen-

sors. These data are collected using the ESP-32S devel-

opment board, which is also programmed using the

Arduino IDE. Data are transmitted to the ThingSpeak cloud

via Wi-Fi and then transferred to MATLAB. Subsequently,

the obtained real-time data are integrated into a user-

friendly GUI application through graphical representations.

Additionally, the software is capable of providing users

with the maximum, minimum, mean, standard deviation,

and current values of these data upon request. Furthermore,

a system that sends an email to the user when the threshold

value for the designated sensor output is exceeded has been

proposed in this study.

In light of all this information, the main contributions of

this study are presented as follows:

Real-time transfer and visualization of agricultural data

to the cloud system

Design of a user-friendly GUI application that can

display six channels of agricultural data

Informing the user by sending an e-mail in risky

situations

The proposed method’s ability to reliably save time and

labor.

Related Work

In this section, we present the studies in the literature on

this subject as follows. One of these studies aims to control

the temperature and humidity values in the agricultural

field, using an Android-based application for flexibility and

functionality [10]. In the study, monitoring systems using

an embedded web server with an IP connection are

examined. The study aims to bring together electronic

devices, software, and system prototype and provide web

organization. Using an IoT-based system in agriculture to

meet user demands, this study is optimized in terms of

power consumption, simple installation, and maintenance.

STM32F103 is used in the study and cloud technologies

are used for storage analysis. As a result of the study, it is

stated that this system can be used successfully [7]. In this

study conducted in Sao Paulo, Brazil, a real-time and IoT-

based system is employed to monitor the condition of soil

and the environment. The system utilizes temperature,

humidity, soil electrical conductivity, soil reflectance, a

global positioning system, and ZigBee radio for commu-

nication [14]. This study, which proposes a GSM-based

system to overcome the problems in standard environ-

mental monitoring models, includes wireless environment

monitoring equipment and mobile phones. If it is deter-

mined in the study that the environmental parameters

exceed the appropriate value, the proposed model sends a

warning message to the mobile phone [26]. In another

review, considering the rapid growth of the world popu-

lation and the consequent substantial increase in food

demand, it is stated that traditional agricultural methods

inefficiently utilize resources. It is pointed out that IoT-

based automation is gaining popularity as a response to the

growing demand for agricultural practices. In the study, a

comprehensive literature review of next-generation agri-

cultural technologies is provided, comparing sensors,

communication protocols, and IoT-enabled devices. The

aim of the study is to assist in the selection of IoT tech-

nologies for specific agricultural applications [18]. It has

been indicated that an IoT-supported approach, combining

mobile, cloud, sensor, and data-sharing features, for

detecting insects, monitoring plant health, and maintaining

the quality of harvested crops in greenhouse farming

operations, is expected to enhance agricultural practices in

farming sector by 90–95% [25]. In another IoT study

designed for use in greenhouses, it is aimed to measure

temperature using wireless sensors and an SMS system. In

addition, the system also has the capability to warn farmers

against temperature changes in the greenhouse and to take
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precautions against it [3]. ZigBee and GPRS networks are

used together to collect agricultural information in the

system designed for remote monitoring. Data collection has

been carried out with the CC2430 radio frequency chip.

The base station used in the study is designed based on an

ARM9 processor and embedded Linux operating system

and communicates with the remote monitoring center via

GPRS. Based on the conducted tests, it has been concluded

that the designed system is a successful model for remote

monitoring of agricultural information [27]. It has been

stated that the development of this conceptual system,

which uses wired sensors to remotely monitor humidity and

temperature values within a greenhouse, and notifies about

deviations in these values through SMS alerts while

employing the hypothetical-deductive method, would be

beneficial for farmers [4]. In this IoT-based system devel-

oped for achieving a more sustainable agricultural activity,

various sensors have been integrated to acquire data such

as temperature, humidity, and pH in order to facilitate the

hydroponic cultivation of plants. These data, along with

external input variables such as district name, crop name,

area, and type of hydroponic system, are combined and

transmitted to a microcontroller for processing. The data

are also sent to the cloud, providing notifications to farm-

ers. In the proposed web application of the study, sensor

and user inputs are fed into a random forest algorithm to

provide an estimation of crop yield [15]. In another study,

the integration of IoT technology with various networks

has been examined, proposing a remote monitoring system

where internet and wireless communication collaborate,

working together [28].

Materials and Methods

Materials

The study was conducted in Gaziantep, Turkey, specifi-

cally in a hobby garden focusing on the Thorny Crown

plant. The data obtained were collected under the condi-

tions of this plant in the hobby garden. However, the results

of the study are not limited to this specific hobby garden;

they can also provide general information that may be

applicable in different greenhouse or agricultural land

conditions. The sampling interval from the sensor nodes

has been set to 15 s. The data are recorded in 6 channels for

a total of 4483 data for approximately 19 h. We can also

present data channels as private or public in ThingSpeak.

While publicly presented channel data can be observed by

everyone, private channels can only be observed by users

who are allowed with mail authorization. In addition, the

location where the data are collected can be shown by

marking, except for the data channels. The sensor used in

the study and the data received are also presented in

Table 1. In light of this information, the data obtained from

which sensors and how is given below.

Temperature and Pressure

Changes in temperature and pressure affect agriculture

[11]. Therefore, following these parameters is significant

for productivity increase in agriculture. BME280 sensor is

used for temperature and pressure measurement (

https://electronics.semaf.at/BME280-I2C-or-SPI-

Temperature-Humidity-Pressure-Sensor). This sensor is

used for weather measurements capable of measuring

temperature, pressure, and altitude. The sensor is presented

to the customers as calibrated by the manufacturer. It is

used only for temperature and pressure measurement in this

study. It can measure the temperature between - 40 and

85 �C with an accuracy of ± 1.0 �C and the pressure

between 300 and 1100 hPa with an accuracy of ± 1 hPa

[6]. The BME280 sensor is used with a 3.3 V supply

voltage, and it can transmit data using both SPI and I2C

protocols. Having two different I2C data addresses

(0 9 76, 0 9 77) allows two sensors to be used at the same

time, and the low current consumption feature is signifi-

cant. In this study, it is preferred to use the I2C commu-

nication protocol.

Humidity

Humidity is measured using the DHT11 sensor (

https://www.pngkit.com/bigpic/u2t4r5a9q8o0t4o0/). The

DHT11 sensor can measure both humidity and temperature

[9, 20]. It is used only for relative humidity measurement in

this study. DHT11 is a negative temperature coefficient

thermistor-based sensor, it can measure humidity between

20 and 80% with 5% sensitivity [20]. It has a sampling rate

of 1 Hz, can operate with 3.3 V or 5 V, and uses a com-

munication protocol similar to the one-wire protocol

[9, 20].

Smoke

Smoke measurement is important for agriculture in several

ways. Basically, this measurement is evaluated in order to

detect a possible fire that may occur in the agricultural

field. But apart from studies, measurement of air quality

and exposure to smoke is of great importance in protecting

both worker and crop health [22]. Within the scope of the

study, the MQ-2 sensor is used for smoke measurement (

https://www.indiamart.com/proddetail/mq-2-gas-sensor-

module-19274547712.html). The MQ-2 sensor can detect

flammable gas and smoke at concentrations between 300

and 10,000 ppm. This sensor, which operates with 5 V
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supply voltage, can produce digital TTL level or analog

output [16]. In addition, sensitivity can be adjusted with the

potentiometer on it.

Light

The amount of light and its variation are important for

agricultural productivity, as they affect the plant’s growth

factor [1]. In the study, the GY-30 sensor is used for light

measurement (

https://www.roboshop.com.tr/gy-30-isik-yogunlugu-

sensoru-aydinlik-modulu-gy30-bh1750?limit=100). The

GY-30 sensor can measure light intensity in lux and from 0

to 65535lxx. In addition, it is a sensor that directly gives

digital output and uses the I2C protocol [21].

Soil Moisture

YL-69 sensor is employed for soil moisture measurement (

https://www.hobidevre.com/toprak-nem-sensoru). The YL-

69 sensor is used for measuring soil moisture, and its

probes are inserted into the soil to conduct measurements

[19]. Due to the difference in resistance caused by the soil

or the liquid being immersed, there occurs a voltage dif-

ference between the probe terminals. Depending on the

magnitude of this voltage difference, the moisture level can

be measured. The higher the moisture level in the soil, the

higher the conductivity. The sensor consists of two parts:

the pad probe that detects the water content and the elec-

tronic board with an analog–digital converter on it. In

addition, it can give analog or digital output [19, 24].

Methods

In this section, we aim to explain the methodologies used

in the study. As mentioned before, in this article, we aim to

obtain and analyze data by using IoT technologies for

agricultural monitoring so that it can be controlled remo-

tely. Thus, we aim to create a platform where we can

provide services to people who are interested in this subject

by making use of user-friendly software applications and a

notification system. For this purpose, we use five different

sensors to monitor six measurements in this procedure,

which is aimed to be placed in an agricultural area first.

The sensors used in the study are GY-30, BME280, MQ-2,

DHT11, and YL-69.

Within the specified time interval, these sensors can

measure light, temperature–pressure, smoke, humidity, and

soil dryness values, respectively. At this juncture, we

provide the relevant connections to the ESP-32S develop-

ment board (

https://joy-it.net/en/products/SBC-NodeMCU-ESP32) by

using all of these sensors together in this study. We use

I2C, AOUT, and one-wire for the sensors used in the study,

and we present it in the following figure. Afterward, we

obtain data from these sensors in the designated agricul-

tural area. While these data are being obtained, data are

transferred to the IoT service called ThingSpeak using Wi-

Fi technology. In this platform, after the live data stream is

aggregated in the cloud and visualized in ThingSpeak (

https://www.mathworks.com/products/thingspeak.html),

we transfer it to MATLAB.

Following, we offer a user-friendly GUI application

designed for the user to better understand and analyze these

data in MATLAB. This application can easily present the

statistical information requested for the data obtained in the

relevant time period with the help of simple buttons to the

users. In this application, we prefer the maximum, mini-

mum, mean, standard deviation, and current values

depending on the sensors. Moreover, we propose a system

that continuously checks the available data in the sensors

for soil dryness and smoke values and sends an e-mail to

the user according to the values determined by the user. In

this study, we set these values to 90. In light of all this

information, we present the block diagram of the proposed

approach in the study in Fig. 1. In addition, we render the

experimental setup of our study and the serial port output in

Fig. 2. Herein, it is seen that five different sensors are used

and with the help of the ESP-32S development board, we

can follow the updated data via the serial port while con-

tinuing the data flow from the sensors using Wi-Fi. In this

study, we also code the ESP-32S development board using

Table 1 Sensors used in the study and their intended use

Sensor Measurement Purpose of usage

GY-30 Light intensity (lux) Measuring the amount of sunlight

BME280 Temperature (C�) and pressure (hPa) Measuring temperature and pressure

MQ-2 Smoke (ppm) Measuring flammable gas and smoke

DHT11 Relative humidity (%) Measuring humidity in the air

YL-69 Soil moisture (–) Measuring soil dryness
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the Arduino IDE (the codes used in the study are shared on

the https://github.com/fenesoguz/IoT-Agriculture). When

critical values determined by the user according to the

geographical region are observed, the features of initiating

and stopping irrigation can be integrated into the proposed

system by performing irrigation control.

Data Sending to the ThingSpeak

This section discusses sending data to ThingSpeak via Wi-

Fi using ESP-32S. At this juncture, as illustrated in the

pseudocode in Table 2, the initial step involves adding

libraries pertaining to sensors and communication proto-

cols. In order for ESP-32S to establish Wi-Fi connectivity

through the modem, the Wi-Fi SSID and password are

defined. For data retrieval from ThingSpeak, the Read API

Key is utilized, and for data writing, the Write API Key

comes into play. Hence, in order to accomplish data

transmission to ThingSpeak, both the Channel ID and

Write API Key need to be defined.

Subsequently, distinct configurations are set for five

sensors. To visualize the transmitted data over Wi-Fi and

Fig. 1 Block diagram of the proposed approach based on IoT

Fig. 2 IoT-based experimental setup and serial port output proposed in the study
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the update status of the channel, a serial port is initiated.

Then, the Wi-Fi connection is established, with a defined

delay of 15 s. At this point, data are read from the sensors,

and the read data are scrutinized; if any empty data are

detected, the process loops back to the sensor data reading

function. Successfully read data from the sensors are

written to the serial port. Following this, the acquired

sensor data are written sequentially to the designated

channels in ThingSpeak. If the system successfully records

the data in ThingSpeak, a new sensor reading process

commences. However, if the process encounters an error,

an error report is generated.

Analysis of Receiving Data

In this part, we explain how we analyze the data obtained

from the sensors after transferring them to MATLAB. In

this study, we also provide the pseudocode of the user-

friendly GUI application that we have designed to provide

these analyzes and present them to the user. As mentioned

before, we express that we use different calculations

according to the sensor type and the data collected. Herein

we provide graphs for each sensor output where users can

easily observe the relevant area. In the study, we determine

the maximum, minimum, mean, standard deviation, and

current value instantly and continuously for the data taken

in a certain time interval.

On the other hand, we aim to send an e-mail to the user

via ThingSpeak in case of high soil dryness and smoke

values. In addition, we need to express that different values

can be determined according to the demands of the users.

Within the scope of the analysis of the received data, we

give the pseudocode of the designed GUI application in

Table 3. Thus, it can be seen how the data are analyzed in

this application, which is used in the study or designed for

the user.

Visualization and GUI App

This section describes how the user-friendly GUI applica-

tion proposed in the study has been designed and how the

data have been visualized. First, we create the figure sec-

tion of the GUI application. While adding the graphics

where users can see the current data to the mentioned

section, we reflect the temperature, relative humidity, soil

dryness, pressure, light, and smoke values obtained from

each sensor to the related graphics with the help of

ThingSpeak ChannelID and field ID. In the designed user-

friendly GUI application, incoming data are transferred to

the relevant figures every 3 s.

Table 2 Pseudocode of ThingSpeak data sending used in the study

1. Initialize
2. Include libraries.
3. Define Wi-Fi SSID and password.
4. Describe ThingSpeak channel ID and Write API Key.

for i=1:number of sensors
5. Configure i-th sensor.

end
6. Begin serial port.

While (infinite loop)

if Wi-Fi connection time<15
7. Begin Wi-Fi.
8. Read sensor data.

if isnan(sensors data)

9. Return read sensors data.
else

10. Write read values to serial port.
11. Send data to specified channel numbers of ThingSpeak.

end
if channel updated successful=yes

12. Return read sensor data.

else
13. Print an error report.

end
end
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These values can also be determined according to the

data collection times of the sensors. At this stage, data are

being transmitted in the order shown in the graphic, and to

allow users to access desired values within the specified

time interval, we are adding buttons to this figure file that

provide mathematical information such as maximum,

minimum, mean, standard deviation, and current values. In

parallel with the created figure file, we connect the relevant

codes to design the GUI application in which the exten-

sions of the graphics and buttons are included. Afterward,

current values for smoke or soil dryness values can be

determined depending on the user’s request. In this

designed user-friendly GUI application, we set this value as

90 for smoke. If this value is greater than 90, a red warning

is given, and if it is smaller, it gives a green warning. Thus,

if the smoke value is greater than 90, the user can under-

stand that there is a situation that needs attention in the

specified area.

Hereabouts, we present the flowchart of the user-

friendly GUI application, which consists of start, plot and

calculation blocks, as shown in Fig. 3. In addition, we

provide a screenshot of the application called

Remote_Agriculture_Monitoring_with_IoT, which we

designed using this block diagram, as shown in Fig. 4. As

can be seen from this figure, this graphical user interface

application presents the temperature, relative humidity,

pressure, light, smoke, and soil dryness values to the user

as �C, %, hPa, lux, constant, and, constant, respectively.

While the previous and current values can be easily read

from the graph, the relevant date and time range can also be

seen in this application. As can be seen in the figure,

maximum, minimum, mean, standard deviation, and cur-

rent values are provided when the user requests or push the

button. After pushing the button, the requested information

is presented to the user in approximately 3–4 s. In addition

to continuously collecting up-to-date data from the sensors

as long as the application is running, the user can easily

close this application when requested, that is, the while

loop ends when the user requests it.

Results and Discussion

In the study, firstly, light, temperature–pressure, smoke,

humidity, and soil dryness values are measured in an

agricultural field determined using sensors named GY-30,

BME280, MQ-2, DHT11, and YL-69. Data are obtained

from these sensors using the ESP-32S development board

and coding is completed using the Arduino IDE compiler.

Afterward, the data are transmitted to the ThingSpeak

cloud service via a Wi-Fi connection, and these data are

transferred to MATLAB. In addition, a user-friendly GUI

Table 3 Pseudocode of the GUI application presented in the study

1. Initialize

2. Select GUI background image.

While (infinite loop)

3. Obtain data from sensors utilizing readChannelID and fieldID.

4. Plot the acquired data in 2-D.

5. Specify the colors for the X-Y axis and the Grid.

6. Assign a pause of 3 seconds for each graph.

for i=1:(number of buttons used)

7. Set the i-th pushbutton and i-th edit text.

8. Calculate max, min, mean, standard deviation, and current values with pushbutton and print them to the screen.

if smoke>90

9. Print a red warning on the screen.

else

10. Print a green warning to the screen.

end

end

11. Stop the application when requested by the user.

end

580 Agric Res (September 2024) 13(3):574–585

123



application that displays real-time data flow is designed

within the scope of this study. In this software, tempera-

ture, relative humidity, soil dryness, pressure, light, and

smoke values are instantly and continuously displayed on

the graphs. When the user pushes the relevant button in the

GUI, it presents statistical values such as maximum, min-

imum, mean, standard deviation, and current to users in

about 3–4 s. In this GUI application, if the smoke value is

higher than the specified value, it gives a red-colored

warning to the user, if not, it gives a green-colored warning

and informs the user about the relevant situation. In addi-

tion to all these, if the smoke and soil dryness values are

higher than the threshold value, it provides services to the

user by sending an e-mail.

The sensor data obtained in the study are given in Fig. 5.

Herein, different graphics can also be added to this sec-

tion. As shown in Fig. 5, five different channels, namely

temperature, humidity, pressure, light, and soil dryness, are

graphically visualized. In addition, a counter called ‘‘Field

5 Gauge’’ has been added for the smoke, and when this

counter value is greater than 90, the ‘‘Fire Alarm’’ section

gives a red warning to the user. The threshold value of the

counter can also be changed with the help of this interface.

In the study, it is also shown in the ‘‘Channel Location’’

that the experimental setup is carried out in Gaziantep/

Turkey.

While the code is running in the proposed system, a

trigger e-mail is sent to the user when it is detected that the

threshold values for smoke and soil dryness are exceeded.

As an example, the screenshot of an e-mail sent to the user

when the threshold value for soil dryness is exceeded is

presented in Fig. 6. Here, when it is determined that the

soil moisture is low, it can be seen that an e-mail with the

content ‘‘I need water’’ is sent with the time and date

information. The user takes necessary actions such as

turning the irrigation system on or off, as they can access

relevant location and similar information.

As a result, smart agriculture applications are becoming

increasingly important in today’s world, with various

examples that enhance productivity, save human labor, and

Fig. 3 Flowchart of the GUI application presented in the study
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reduce time gaining popularity day by day. Studies in the

literature show the applicability and widespread use of this

study. Utilizing sensor and IoT technologies, this study

involving remote access in the field of agriculture encom-

passes controls and interventions, when necessary, and

implements a local application.

Thus, a useful smart agriculture application is presented

to the user by processing and interpreting the data collected

from the agricultural field. An affordable, practical, and

easily usable smart agriculture application has been

developed in the study. Considering these aspects, the

proposed system seems to be competitive according to the

literature [3, 4, 7, 10, 14, 15, 18, 25–28]. When examining

the studies in the literature, one of the competitive aspects

of the proposed method is its user-friendly GUI application

that can graphically display real-time data flow. On the

other hand, the use of the ThingSpeak cloud system in this

study and its ability to enable real-time data analysis in

various ways on the MATLAB platform also highlight the

study. In the proposed method, the integration of real-time

data into the GUI not only provides time and labor savings

for users but also offers statistical analysis options.

Conclusions

An IoT-based system that can obtain data for a specified

agricultural area and be monitored remotely is proposed in

this manuscript. In this system, sensors named GY-30,

BME280, MQ-2, DHT11, and YL-69 can measure light,

temperature–pressure, smoke, humidity, and soil dryness,

respectively. For this purpose, the necessary procedures for

the ESP-32S development board are followed using I2C,

AOUT, and one-wire. The coding part of the ESP-32S

development board is completed using the Arduino IDE.

Here, the sensors are constantly collecting data and

Fig. 4 Screenshot of the GUI application designed in the study
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transmitting these data to the ThingSpeak environment

with the help of Wi-Fi. The current data stream is then

collected in the cloud and visualized in ThingSpeak.

Herein, these obtained data are transferred to MATLAB.

So, the GUI application of this system can be designed.

Fig. 5 ThingSpeak channel monitoring screenshot
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We design a user-friendly GUI application that can

display six output values obtained from five sensors. In this

application, we present values such as maximum, mini-

mum, mean, standard deviation, and current to them as

soon as the user requests them. In addition, if the smoke

value is too high in the application, we print a red warning,

otherwise a green warning. In addition to all these, we

ensure that the user is informed by sending an e-mail if the

soil dryness and smoke values, which can also be deter-

mined by the user, are higher than the determined value.

On the other hand, the evaluation of the model proposed in

the study in a short period of time is considered a limitation

of it. However, this model can also be evaluated and tested

over a long period of time. Considering that the proposed

model can successfully provide data flow and convey the

necessary information to the user, it can be stated that it can

be used reliably and save labor and time. In future studies,

it is aimed to further increase the number of sensors used,

support them with artificial intelligence-based models and

use them for different purposes.
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