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Abstract

This study aims to develop a full automation and control system based on the Internet of Things (IoT),
implemented in a greenhouse to support real-time monitoring of temperature, soil moisture, and water levels in
the tank. The system is designed using the ESP32-WROOM microcontroller as the core for data communication
with various sensors, including the DHT22 sensor for air temperature and humidity, a soil moisture sensor for
soil moisture, and a JSN-SR04T sensor for water level. The developed system connects to Firebase as a cloud data
platform, enabling remote monitoring via a specially designed mobile application. Testing shows that the system
works efficiently in supporting automated plant growth, reducing manual intervention, and increasing
productivity. This system allows students and faculty in the Faculty of Agriculture at Malikussaleh University
to more easily conduct research and teaching activities related to modern agricultural technology.
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Introduction

Agriculture plays a strategic role in meeting global food needs but faces various challenges, such as climate change,
limited water resources, and the need for more efficient methods. The greenhouse, as a controlled cultivation system, offers
a solution by enabling plant growth in a manageable environment. IoT technology, which utilizes device connections over
the internet, provides highly relevant solutions for automated monitoring and control in the context of modern agriculture
[1].

However, most existing greenhouse management systems are still manually managed, resulting in inefficiencies in
time and labor and the risk of human error [2]. Therefore, this research aims to develop an IoT automation system
connected to a mobile application via Firebase, which not only provides automatic control but also real-time access to
greenhouse environmental data.

This IoT-based automation system is expected not only to increase crop productivity but also to facilitate academics in
conducting research in modern agriculture. By providing accurate and detailed environmental data, this system enables
more precise control and management, essential for supporting plant growth and health [3].

Problem Statement

While greenhouse farming has been instrumental in modern agriculture, manual management of environmental
parameters such as water levels, soil moisture, and temperature remains inefficient and prone to errors. The need for a
more precise and automated system to handle these factors is evident. This research seeks to address the following
questions:

a) How can temperature, soil moisture, and water levels be effectively monitored and controlled in a greenhouse
using IoT technology?

b) How can IoT technology be integrated into an agricultural system to enhance greenhouse operations and improve
plant growth conditions?

Research Objective

a) How can IoT be implemented to monitor and control temperature, soil moisture, and water level conditions in a
greenhouse automatically?
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b) How can a system be designed to display real-time data and enable remote control through a mobile
application?

This research aims to develop an automation system that can support agricultural productivity by monitoring and
controlling environmental conditions in a greenhouse based on IoT connected to Firebase, allowing real-time remote access
and monitoring.

Literature Review

IoT technology has become one of the most influential innovations in automating various sectors, including agriculture.
This research utilizes the ESP32-WROOM microcontroller and the Firebase platform to provide remote monitoring services
via an application developed in Kodular. The use of rule-based control in this study also offers a simple yet efficient
solution for activating or deactivating devices according to environmental conditions. This contributes to automated and
real-time environmental monitoring in greenhouses supported by IoT [4].

Research Methodology
This research was conducted using a 50x25 cm greenhouse prototype. The system design involves several key
components and implementation stages as follows:

System Design
The system uses the ESP32-WROOM microcontroller as a control center, connecting various sensors to Firebase via
Wi-Fi. The sensors used include:
e DHT?22 for air temperature and humidity.
e  Soil Moisture Sensor for soil moisture.
e  JSN-SRO4T for measuring water levels in the tank. Sensor data is sent to Firebase, which can be accessed by the
mobile application via the internet. The system is also equipped with actuators, such as a submersible water pump
and cooling fan, which activate or deactivate based on the received environmental data [5].

Literature studies

l

System design

l

System
Implementation

l

System Testing

System Test
Results

Figure 1 Flowchart of Research Steps
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Data Collection
Primary data collected include environmental parameters relevant to plant growth:

e  Air Temperature and Humidity: Generated by the DHT22 sensor inside the greenhouse. This data is essential to
maintain optimal plant conditions.

e Soil Moisture: Measured using a soil moisture sensor that converts soil resistance into a moisture percentage,
enabling automatic watering based on actual moisture levels [6].

e  Water Level: The JSN-SR04T sensor measures the water distance from the sensor’s position above the tank. This
data determines when the water pump should be activated.

FIREBASE
DATABASE

NODEMCU 8266

DHT22 SENSOR RELAY

ADAPTIVE PUMP

SOIL MOISTURE SENSOR LAMP
JSN-SR04T SENSOR FAN

Figure 2 Collection Step

Rule-Based Control
The system uses a rule-based control method, where each environmental parameter, such as temperature, air
humidity, and soil moisture, has predetermined thresholds according to plant needs in the greenhouse. If the
environmental parameters are outside the ideal limits, the system automatically activates or deactivates relevant
actuators, such as fans, heaters, humidifiers, or water pumps [7]. The system controls conditions based on optimal
parameters, for example:
e  Temperature: If air temperature exceeds 28°C, the cooling fan will activate to lower the temperature. If the
temperature drops below 24°C, the heater will activate.
e Air Humidity: The humidifier will activate if humidity is less than 60%, while the exhaust fan will turn on if
humidity exceeds 80%.
e  Soil Moisture: The water pump will activate when soil moisture falls below the required level.

With this rule-based control, optimal growing conditions in the greenhouse can be maintained without significant
manual intervention. The table below shows the rules applied in the system:

Table 1. Ruled-Based for Air Temperature and Humidity

Parameter Ideal Boundary Control Rules
Air Temperature 24°C -28°C If the temperature is >
24°C — 28°C 28°C, the system activates
the cooling fan to lower the
temperature.

If the temperature is <
24°C, the heater is turned
on to raise the temperature.

Humidity 60% — 80% If the air humidity is < 60%,
60% — 80% the humidifier will be
activated to increase the
humidity.

If the air humidity is > 80%,
the exhaust fan will be
activated to reduce the
humidity.
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Table 2. Ruled-Based untuk Kelembapan Tanah Berdasarkan Jenis Tanaman

Plants Ideal Idei.il Soil Control Rules
Temperature Moisture
Tomatoes 22°C—-26°C 50% - 60% If the soil

temperature or
humidity goes out of
the ideal limits, the
system will adjust
according to the
relevant rules.

Melon 25°C —-30°C 40% - 50% The system will
control the
temperature and
humidity of the soil
according to the
needs of the melon
plants.

Soybeans 24°C - 28°C 45% - 55% Soybeans will be
monitored using
these temperature
and humidity limits
to maintain an
optimal growing
environment.

Mushrooms 18°C —22°C 60% - 70% If the humidity or
temperature goes
out of the optimal
range, the system
will activate the
appropriate device
(fan, humidifier, or
water pump) to
maintain ideal
conditions.

Mobile Application

The mobile application is designed in Kodular, providing users with access to monitor real-time data from Firebase.
Additionally, the application allows users to manually adjust settings if needed. The design is user-friendly, allowing users
easy access to the necessary information without technical barriers [8].

Results and Discussion
Automation System Implementation

The IoT-based automation system was successfully implemented in the greenhouse prototype. The ESP32-WROOM
functions optimally as a control center, sending sensor data to Firebase and displaying real-time data via the mobile
application. Each device or actuator in the system operates automatically according to rule-based control [9].

Sensor Testing

e  Water Level Sensor (JSN-SR04T): This sensor was tested at various water levels. The results show high accuracy in
water distance measurement with an error tolerance of 2 mm, ensuring that the water tank remains within optimal
limits.

¢  Soil Moisture Sensor: This sensor responds quickly and accurately under various soil conditions, with a measurement
range of up to 100%. This data is useful for maintaining optimal soil moisture according to plant needs.

e DHT22 Sensor: The DHT22 sensor was tested by comparing its results with a manual measuring device. The data
shows high consistency, with an accuracy rate above 95% for air temperature and humidity [10].

Rule-Based Control

The implemented rule-based control system allows devices to operate automatically according to the measured
conditions. The system activates or deactivates devices, such as the water pump, cooling fan, and humidifier, when
environmental parameters exceed optimal thresholds. This system has been shown to reduce manual intervention,
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improve energy efficiency, and maintain optimal greenhouse conditions.
Monitoring via Mobile Application
The mobile application designed in Kodular provides user-friendly access to data from Firebase. The data is

displayed in graph form and numerical indicators for temperature, humidity, and water level. The notification feature
alerts users of significant changes in greenhouse conditions, enabling a quick response.
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Figure 3 Mobile View Monitoring

Conclusion

This research successfully developed an IoT-based automation system for monitoring and controlling greenhouse
conditions. The system enables real-time monitoring of temperature, soil moisture, and water levels, providing automatic
control that supports plant growth. Implementing IoT technology with Firebase as a cloud data platform makes it easier
for users to monitor and manage plants remotely via the mobile application.

With these results, the developed system is expected to be applied on a larger scale in agricultural environments or for
further research related to automated plant management.

Suggestions

e Field Testing: Conduct trials on a larger greenhouse scale or in complex real-world conditions to ensure system
effectiveness under diverse circumstances.

e Machine Learning Integration: Integrate the system with machine learning algorithms to predict environmental
conditions based on historical data patterns, aiding in optimizing automatic control.

¢ JoT and Big Data Combination: Consider integrating with big data technology to store long-term environmental data,
which can be used for trend analysis and continuous system improvement.
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