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Abstract:

The aviation industry requires efficient, safe, and
cost-effective ground operations to ensure
smooth aircraft turnaround. This paper presents a
low-cost loT-based automated aircraft ground
operations management system using the ESP32
microcontroller. The system integrates vibration
and temperature sensors to monitor equipment
conditions in real time. Data is transmitted via
Wi-Fi for remote monitoring. In abnormal
conditions, alerts are triggered using LED and
buzzer, and relay modules automate control
actions. The system improves safety, reduces
human intervention, and enables predictive
maintenance. It is cost-effective, scalable, and
suitable for modern smart airport environments.
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I. INTRODUCTION

The aviation industry plays a vital role in global
transportation, requiring high levels of efficiency,
safety, and reliability. Aircraft ground operations,
which include equipment monitoring, safety
checks, and servicing activities, are essential for
ensuring  smooth  flight operations and
minimizing delays. However, traditional ground

operation systems are mostly manual or semi-
automated, leading to inefficiencies, increased
operational costs, and a higher risk of human
error.

With the rapid advancement of the Internet of
Things (IoT), there is an opportunity to transform
conventional systems into smart and automated
solutions. IoT enables real-time data collection,
monitoring, and control by connecting physical
devices through the internet. In aviation, this
technology can significantly improve ground
operations by providing continuous monitoring
and instant response to abnormal conditions.

This paper proposes a low-cost IoT-based
automated aircraft ground operations management
system using the ESP32 microcontroller. The
system integrates temperature and vibration
sensors to monitor equipment conditions in real
time. It provides alerts through buzzer and LED
indicators and enables remote monitoring via Wi-
Fi. The proposed system enhances safety, reduces
human intervention, and improves operational
efficiency, making it suitable for modern smart
airport environments.

I1. EXISTING SYSTEM

Current ground operation systems are mostly
manual or semi-automated. Monitoring is done
through periodic inspection, and communication
is limited.
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Disadvantages:
1. No real-time monitoring
2. High human dependency
3. Delayed fault detection
4. No remote access
5. Poor data management
6. Increased operational cost

I1II. PROPOSED SYSTEM

The proposed system uses ESP32 with sensors
and IoT technology for automation and
monitoring.

Features:

e Real-time monitoring of temperature and
vibration

Wi-Fi-based remote access

Automatic alert system (LED + Buzzer)
Relay-based equipment control
Low-cost and scalable design

IV. LITERATURE REVIEW

Recent advancements in the Internet of Things
(IoT) and smart monitoring technologies have
significantly influenced the aviation industry,
particularly in maintenance and ground
operations. Several studies have explored the use
of IoT for real-time monitoring, predictive
maintenance, and automation.

A study by Rastogi et al. (2025) focused on IoT-
based predictive maintenance for aircraft
engines, highlighting the use of sensor data
combined with machine learning algorithms to
predict failures before they occur. The research
emphasized that continuous monitoring of
parameters such as temperature and vibration can
significantly reduce unexpected failures and
improve safety.

Similarly, Mangad (2024) proposed a web-based
aircraft health monitoring system that
integrates embedded systems and IoT to monitor
parameters like temperature, pressure, and
vibration. The system provides real-time alerts to
maintenance teams, demonstrating the
effectiveness of IoT in improving operational
reliability and reducing manual inspection.

Research on IoT applications in aviation shows
that modern aircraft systems already rely on
multiple sensors to monitor critical parameters,
and IoT enables real-time data transmission to
ground systems for faster decision-making and
fault detection.

In addition, studies on predictive maintenance
using deep learning indicate that IoT sensor data
plays a crucial role in identifying equipment faults
early, reducing maintenance costs, and enhancing
system performance. However, challenges such as
data complexity and computational requirements
still exist.

Furthermore, IoT-based monitoring of industrial
systems using vibration and temperature sensors
has proven effective in detecting mechanical
failures and improving reliability, which can be
directly applied to aviation ground equipment.

Overall, the literature demonstrates that IoT-based
monitoring systems improve safety, enable real-
time decision-making, and support predictive
maintenance. However, there is a need for low-
cost, scalable solutions specifically designed for
aircraft ground operations, which this project
aims to address.

V.METHODOLOGY (WORKING
PRINCIPLE)

The proposed Low-Cost IoT-Based Automated
Aircraft Ground Operations Management System
operates based on continuous monitoring, real-
time data processing, decision-making, and
automated control. The system integrates sensors,
a microcontroller (ESP32), communication
modules, and output devices to ensure efficient
and safe ground operations.

A. System Overview

The system follows a cyclic process where data is
continuously collected from sensors, processed,
and actions are taken based on predefined
threshold values. This ensures real-time
monitoring and immediate response to abnormal
conditions.
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e Temperature Sensor interface with
Raspberry Pi

B. Sensor Data Acquisition
The system uses two primary sensors:

e Temperature Sensor: Measures
environmental or equipment temperature
continuously. It converts temperature into
an electrical signal, which is read by the
ESP32.

e Vibration Sensor: Detects abnormal
vibrations or mechanical disturbances in
ground equipment. High vibration levels
indicate possible faults or failures.

These sensors provide real-time data inputs to the
microcontroller.

C. Data Processing Using ESP32

The ESP32 microcontroller acts as the central
processing unit. It performs the following tasks:

e Reads sensor data at regular intervals

e Converts analog signals into digital values

e Compares sensor values with predefined
threshold limits

e Executes decision logic based on
conditions

The system is programmed using Embedded C in
the Arduino IDE.

D. Decision-Making Logic
The system uses a rule-based algorithm:

e [ftemperature is within limits — Normal
condition

e [f temperature exceeds threshold —
Warning

e If vibration exceeds threshold — Alert

o Ifboth exceed thresholds — Critical
condition

This simple logic ensures fast and reliable system
response.

E. Alert Mechanism
When abnormal conditions are detected:

e LED Indicator: Provides visual alert
o Buzzer: Generates audible alert

These alerts help ground personnel take
immediate action.

F. Relay-Based Automation
The relay module acts as an automatic switch:
e Turns OFF equipment during overheating

e Prevents damage during critical conditions
o Reduces need for manual intervention

G. IoT Communication

The ESP32 transmits data via Wi-Fi to an [oT
platform:

e Enables real-time remote monitoring
e Displays data on web/mobile dashboard
e Supports data logging and analysis

H. Continuous Operation

The system operates in a continuous loop:

1. Read sensor data

2. Process and compare values
3. Trigger alerts/control actions
4. Send data to IoT platform

5. Repeat

This ensures uninterrupted monitoring and quick
response.
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VII. HARDWARE AND SOFTWARE
REQUIREMENTS

Hardware:

ESP32 Microcontroller
Temperature Sensor
Vibration Sensor
Relay Module

LED Indicators

Buzzer iii.LED
Power Supply Unit '

Software:

e Arduino IDE
e Embedded C
e [oT Platform (Cloud)
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VIII. RESULTS AND DISCUSSION

Observations:

e Normal Condition — No alert

e High Temperature — LED ON, buzzer
triggered

e High Vibration — Immediate response

Performance:

1v.Vibration Sensor

Response Time: 1-2 seconds
Data Transmission: Real-time
Connectivity: Stable
Accuracy: High

Advantages:

Fast response
Accurate monitoring
Reliable communication

[ ]
[
[ ]
e Low-cost implementation

VII. CONCLUSION

v.Digital Display

The proposed IoT-based system successfully
improves aircraft ground operations by enabling
real-time monitoring, automation, and safety. It
reduces human intervention and operational cost
while increasing efficiency and reliability. The
system is suitable for modern smart airports and
can be expanded for larger applications.

IX. FUTURE ENHANCEMENTS

e Integration of Al for predictive
maintenance

Addition of more sensors (gas, humidity)
Mobile app for monitoring

Cloud data analytics

5G/6G communication

Security improvements

vi.Adapter
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