Jurnal Mantik,7 (2) (2023), ISSN 2685-4236 (Online)

IOCSCIENCE

Published by:Institute of Computer Science (IOCS)

Journal homepage: www.iocscience.org/ejournal/index.php/mantik

Jurnal Mantik

Agricultural monitoring system using esp32
microcontroller with IOT-Based LORA transmission

Achmad zuchriadi!, Fajar Rahayu?, Silvia Anggraeni®, Muhamad Alif Razi*, Muchamad

Oktaviandri®, Irga®

1,2,3.4.6Department of Electrical Engineering, UPN Veteran Jakarta, Indonesia
SDepartment of Mechanical Engineering, UPN Veteran Jakarta, Indonesia

ARTICLE INFO

ABSTRACT

Article history:

Accepted Jun 05, 2023
Revised Jun 22, 2023
Accepted Jul 13, 2023

Keywords:

Agricultural Monitoring;

Smart farming is an agricultural management plan based on
precise monitoring and calculation of agricultural parameters
that are useful as a reference in taking appropriate actions. The
application of Smart Farming is inseparable from the IoT
system that supports processing and data collection. Remote
large agricultural area, far from the public, limited access to
electricity and difficult cellular network access. Responding to
this, this research designed an IoT-based agricultural
monitoring system by implementing the ESP 32 microcontroller

ESP32; and LoRa Transmission which uses solar panels as a power

Internet of Things;  supply and is displayed via the Web Server Dashboard. Tests
LqRa; are carried out in the form of sensor readings, dashboard

Smart Farming; displays, and data transmission. The results obtained are that
System the agricultural monitoring system design works well with the

sensors used to work and the ESP32 microcontroller to process
data. LoRa and Internet data transmission can be sent properly
indicated by synchronous data access. The monitoring
dashboard can work properly as shown by the appropriate
home page and graphic page.

This is an open access article under the CC BY-NC license.

Corresponding Author:

Achmad zuchriadi,

Department of Electrical Engineering,

UPN Veteran Jakarta,

Jalan RS. Fatmawati Raya, Pd. Labu, Kec. Cilandak, Kota Depok, Jawa Barat, Indonesia 12450
Email: achmad.zp@upnvj.ac.id

1. INTRODUCTION

Smart Farming or in another term, namely Precision Agriculture, is an agricultural
management plan based on monitoring and calculating agricultural parameters with
precision (Rachmawati, 2020) (Rahul et al., 2018), which is useful as a reference in
taking appropriate actions. Generating accurate data and proper management are the
mainstays of precision agriculture (Mahendra Data et al., 2019). This concept in its
implementation collaborates with the Internet of Things (IoT) system which is a future
technology in every field that affects everyone's life by making everything smarter (Doshi
et al., 2019), the IoT (Internet of Thing) system that is applied to the agricultural sector
can support processing and data collection (Chamara et al., 2022; Farooq et al., 2019), so
that farmers can take quick action on problems and changes in the surrounding
environment by utilizing the necessary sensors (Kunisch, 2016). Soil condition sensors
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and weather condition sensors installed on agricultural land. The data obtained from this
sensor includes air and soil moisture, temperature, soil pH, and weather. The data helps
farmers to monitor, measure and record crop conditions and can determine the best
action for land conditions by farmers (Rachmawati, 2021). For example, this system can
be applied to a Mango Plantation considering that its productivity in the Sliyeg
Indramayu area is influenced by temperature, rainfall and humidity (Triani et al., 2019).

An agricultural monitoring system requires a device that can manage sensor data
and can transmit this data to the user, this can be handled using a microcontroller.
Microcontroller is a complete microprocessor system combined into one part on a chip.
contains programmable memory, inputs and outputs (Sokop et al., 2016). The
microcontroller that is compatible with the agricultural monitoring system is ESP32
which supports IoT technology. ESP32 is a microcontroller produced by the company
Espressif Systems (Alexander et al., 2017). Espressif Systems is a publicly traded
multinational fabless semiconductor and semiconductor company located in Shanghai,
China. The company focuses on developing low-cost wireless communications and IoT.
Reliable on-chip system on ESP32 with dual mode Bluetooth version 4.2, integrated Wi-
Fi 802.11 b/g/n and various peripherals. Dual core applications with different versions
have clocks up to 160 MHz. ESP32 updated GPIO pin count to 36 pins, updated PWM
channel count per 16, and included 4MB of flash memory (Marek Babiuch et al., 2019).

LoRa is a wireless communication system developed for IoT. This system has the
advantage of being able to communicate over long distances of up to 15 km under LOS
(Line of Sight) conditions. This system was popularized by the LoRa Alliance for use in
battery-powered devices with long endurance times. LoRa technology is also highly
resistant to transmission system noise. The LoRa system is efficient in saving
communication channels because it only uses a channel for the gateway instead of using
a channel for each IoT device (Nurhadi et al., 2021). The use of LoRa is very suitable for
agricultural monitoring systems because agricultural land has a large area and is far
from settlements and limited access to Internet network access (Citoni et al., 2019; Elijah
et al., 2018). What's more, LoRa is very power-efficient in its use which is also suitable
for applications on microcontrollers in transmitting data.

IoT devices that are located on agricultural land require an electric power supply
to operate, but agricultural land that is located far from access to direct electricity supply
from PLN (State Electricity Company) requires the device to use a battery. The battery
has its own capacity if there is no external energy, the battery energy will run out. The
use of new renewable energy sources can overcome this so that the supply of electrical
energy for these devices is still fulfilled and the devices work (Ervan Septa et al., 2022). A
new renewable energy source that can be utilized is the use of solar cells. A solar cell is a
device that converts sunlight energy into electrical energy by means of the photovoltaic
effect, therefore it is also called a photovoltaic cell. (Maninder Singh et al., 2016). Solar
cells as an alternative energy source will keep the IoT monitoring system maintained and
sustainable (Andreas S., 2017).

This research aims to create an loT-based agricultural monitoring system by
implementing the ESP 32 microcontroller as the main system and LoRa as access to data
transmission between devices in agricultural areas by using solar cells as new renewable
energy for power supply then the data from the embedded sensors will be processed and
can be accessed by farmers or other users through the Web Server. This is also done to
be able to answer several challenges in the application of 10T for agriculture, which must
be easy to implement and cost-effective, especially for traditional farmers. (Glaroudis et
al., 2020; Sivanraju, 2018).
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2. RESEARCH METHOD

This research uses literature studies as a reference and basis for conducting research
based on references that are relevant to the research being carried out. As well as
designing the design of an IoT-based agricultural monitoring system tool. Data collection
is carried out to find out the input data from each sensor on agricultural land and then
the sensor input data will be compared between the microcontroller data and the result
data on the data base system, data collection is carried out every 5 minute intervals
based on data delivery updates.

The workings of the first tool Microcontroller node Is a microcontroller that has a
function as a data collector, microcontroller nodes are installed in certain areas to
retrieve information using certain sensors then the information will be transmitted to the
gateway. Second, on the microcontroller, the gateway is a gateway for gathering
information from one or more nodes, which then the information will be forwarded to the
server. The following are the stages of how the device works which can be seen in the
flowchart and in the block diagram.
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Figure 1. Block Diagram of The Agricultural Monitoring System
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Figure 2. Flowchart of The Agricultural Monitoring System
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There are two parts to the design of the software in this research, namely the
design of the microcontroller software and the design of the software on the Web server.
Arduino IDE is used for programming design for microcontroller nodes. Arduino IDE
stands for Integrated Development Environment, which is an integrated environment
used for development. Through the Arduino IDE, Arduino and other microcontrollers that
support the Arduino IDE are programmed to perform embedded functions through
programming syntax (Peerasak & Nuttapun, 2018). The microcontroller node will be
programmed so that it can read the necessary sensors and then the sensor data will be
transmitted using Lora. The second programming as a receiver will be entered for the
receiver or gateway microcontroller and programming will also be entered to send data
sent from the transmitter, the receiver sends it again to the database.

Visual Studio Code is a code editor developed by Microsoft for Windows, Linux,
and macOS. Visual Studio Code supports debugging, GitHub, built-in git control, syntax
highlighting, smart code completion, snippets, and code refactoring. Visual Studio Code
in this study functions as a programming writing application to design dashboard pages
for monitoring agricultural land, using languages such as PHP, CSS, and JavaScript.
XAMPP is a complete web programming package that can be used to learn web
programming, especially PHP and MySQL. Its functionality is as a standalone server
(localhost), consisting of the Apache HTTP server program, MySQL database, and a
language translator written in the PHP programming language. XAMPP in this study
functions as a server management and database storage.

This hardware design will be carried out on each microcontroller that will be
tested, the hardware that will be tested will be used as a transmitter with various
sensors in order to work as expected (Navarro et al., 2020). The sensor to be used is like
the Rain Sensor as a sensor that functions as a detector for the presence or absence of
raindrops (Parapat et al., 2020). DS18B20 is a temperature sensor, because the output
data from this sensor is digital data, data degradation does not occur, so it is suitable for
use in difficult locations that can be used as soil temperature. pH sensor as a measure of
soil acidity (Jupri et al., 2017). Moisture sensor as a measure of soil moisture by
inserting it into the soil . Barometric Pressure 280 (BMP 280) uses air pressure to detect
the height of an object when it is above the air in a certain area, the BMP 280 is used as
a sensor for measuring air temperature, surface elevation and air humidity (Khaery et al.,
2020). The LoRa module acts as a transmitter between the microcontroller nodes and
gateways.
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Figure 3. Design of Agricultural Monitoring System
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3. RESULTS AND DISCUSSIONS

The design of the microcontroller hardware is the stage in installing each component
from both the microcontroller and the sensors and modules used. The media used is
bread board media as a medium for wiring and installation of microcontrollers and
supporting components. After the designer on the bread board is appropriate, the design
is carried out on the PCB (printed circuit board), which is the design of the agricultural
monitoring system device.

Figure 4. Monitoring System Design on Bread Board and PCB

The software design is divided into designs for microcontrollers and for web server
dashboards. The design of the microcontroller is the stage for programming the
microcontroller. This programming design work uses the Arduino IDE application. The
programming that is made has two programming, namely programming on the node
microcontroller and programming on the gateway microcontroller.

Figure 5. Microcontroller Programming Process Display

The design of Web Server software is the stage for designing the appearance of the
Agricultural Monitoring Dashboard. This dashboard will display the parameters of each
sensor used on the microcontroller. Web Server is also a data storage area or as a data
base of sensor parameter values that have been sent from the gateway microcontroller.
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Figure 6. Dashboard monitoring programming process display

The testing of the tool was carried out, namely testing to see the results of data
retrieval, sending data between gateways and nodes, sending data between gateways and
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servers, as well as testing on servers, namely the results of the dashboard display. The
first test is testing on the device to find out the results of data retrieval from the
parameters found on agricultural land through embedded sensors. Sensor data will be
checked through the PC display and can be seen in the figure 7 which shows that all
sensors have been able to work.

Figure 7. Sensor data testing

The second test is testing data transmission via LoRa transmission between
microcontroller nodes and microcontroller gateways or sending via the internet between
gateway microcontrollers and servers. This trial is also a trial to view the dashboard page
of the agricultural monitoring system. Can be seen with the display results either in the
form of numbers or data that has been processed in the form of diagrams.

Figure 8. Testing of Dashboard Display and Data Transmission

The results of the agricultural monitoring system are in the form of dashboards
that can be monitored by farmers or other users. The Dashboard page has a Home page
that displays the seven sensor data, both in the form of numbers and in the form of
diagrams. Soil temperature and air temperature data are displayed in the form of a bar
level, air humidity and soil moisture are displayed in the form of a pie chart, weather
conditions are displayed in the form of an icon if the data value is 1 it will display the sun
indicating dry weather O to display a cloud icon indicating rainy weather.

= Monitoring Pertanian

Figure 9.Dashboard Display Menu Home
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an excerpt of trial data as much as 5 data.

The second dashboard page displays sensor data in graphical form, divided into
two, namely a comparison graph between air temperature and soil temperature, then a
comparison between soil moisture and air humidity.

Figure 10. Dashboard Display Graphic Menu

Data collection is carried out on sensor data that has been collected and data
comparison will be carried out when the data is at the microcontroller node, when the
data is at the gateway microcontroller, and when it is on the server. The data will be
matched from the uniformity of data every update of data transmission. The following is

Table 1. Comparison of Sensor Data

Data Sensors Data on Node Data on Data on Description

to Gateway Server

1 Air temperature 29.01 °C 29.01 29.01 appropriate
Soil Temperature 28.38 °C 28.38 28.38 appropriate
Height 151.36 m 151.36 151.36 appropriate
Air Humidity 78.46 % 78.46 78.46 appropriate
Soil Moisture 53 % 53 53 appropriate
Soil pH pH 5.74 5.74 5.74 appropriate
Rain Sensor Response 1 1 1 appropriate

2 Air temperature 28.96 °C 28.96 °C 28.96 °C appropriate
Soil Temperature 28.38 °C 28.38 °C 28.38 °C appropriate
Height 151.64 m 151.64 m 151.64 m appropriate
Air Humidity 78.63 % 78.63 % 78.63 % appropriate
Soil Moisture 54 % 54 % 54 % appropriate
Soil pH pH 5.62 pH 5.62 pH 5.62 appropriate
Rain Sensor Response 1 1 1 appropriate

3 Air temperature 28.85 °C 28.85°C 28.85 °C appropriate
Soil Temperature 28.06 °C 28.06 °C 28.06 °C appropriate
Height 158.59 m 158.59 m 158.59 m appropriate
Air Humidity 79 % 79 % 79 % appropriate
Soil Moisture 51 % 51 % 51 % appropriate
Soil pH pH 5.94 pH 5.94 pH 5.94 appropriate
Rain Sensor Response 1 1 1 appropriate

4 Air temperature 28.94 °C 28.94 °C 28.94 °C appropriate
Soil Temperature 28.38 °C 28.38 °C 28.38 °C appropriate
Height 152.05m 152.05m 152.05m appropriate
Air Humidity 78.8 % 78.8% 78.8% appropriate
Soil Moisture 54 % 54 % 54 % appropriate
Soil pH pH 5.6 pH 5.6 pH 5.6 appropriate
Rain Sensor Response 1 1 1 appropriate

5 Air temperature 28.86 °C 28.86 °C 28.86 °C appropriate
Soil Temperature 28 °C 28 °C 28 °C appropriate
Height 158.64 m 158.64 m 158.64 m appropriate
Air Humidity 79.01 % 79.01 % 79.01 % appropriate
Soil Moisture 51 % 51 % 51 % appropriate
Soil pH pH 5.89 pH 5.89 pH 5.89 appropriate
Rain Sensor Response 1 1 1 appropriate
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The table shows the results of data matching from microcontroller node data,
microcontroller gateway data, and data on the server. The seven-sensor data from 5 data
shows that the three data locations show the same results. This shows that the
agricultural monitoring system has been able to work well.

4. CONCLUSION

Based on the process of design, manufacture, test results it can be concluded that the
design of the agricultural monitoring system is functioning properly where the sensors
used can work and the ESP32 microcontroller is able to process data. Data sender
transmission works properly, when wusing LoRa from microcontroller node to
microcontroller gateway, or transmission using internet from gateway to server, which is
characterized by data synchronization from three locations, namely data on
microcontroller node, microcontroller gateway and server. The monitoring dashboard
page can work well as indicated by the home page and corresponding graphical pages
and the data can be presented properly. This design can be applied to traditional
farmers. Communication Systems using LoRa Modules themselves are still not widely
used. Further research on the use of Lora modules in other fields can be done.
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