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ABSTRACT

The project focuses on developing a
predictive  maintenance system  for
industrial machines using loT and cloud
technologies. Traditional maintenance
approaches are inefficient as they either
react after failure or follow fixed
schedules. This system uses sensors to
continuously monitor parameters such as
temperature, humidity, gas, and light
intensity. The collected data is transmitted
to the cloud for storage and analysis. The
system uses threshold-based techniques to
detect abnormal conditions. Alerts are
generated whenever sensor values exceed
safe limits. This helps in early fault
detection and prevents major breakdowns.
The system also enables remote
monitoring through cloud platforms. It
improves machine reliability and reduces
downtime. Overall, the project provides a
cost-effective and efficient solution for

smart industrial maintenance.
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INTRODUCTION

The rapid advancement of industrial
automation has increased the demand for
efficient machine maintenance systems.
Industries rely heavily on machines for
continuous production, and any unexpected
failure can lead to major losses. Traditional
maintenance methods such as corrective
and preventive maintenance are not
sufficient for modern systems. Corrective
maintenance reacts only after failure, while
preventive maintenance may lead to

unnecessary servicing.

To overcome these limitations, predictive
maintenance has emerged as an advanced
solution. It uses IoT sensors to collect real-
time data from machines. This data is
transmitted to cloud platforms for

processing and monitoring. Predictive

Vol 26 Issue 06, June 2026

Page 489 of 497



ISSN No0:2250-3676

International Journal of Engineering Science and Advanced Technology (IJESAT)

maintenance allows early detection of faults
before they occur. It helps reduce downtime
and  improves  productivity.  Cloud
computing provides storage, analysis, and
visualization tools for better decision-
making. [oT enables continuous monitoring
of machine parameters. The integration of
IoT and cloud technologies transforms
maintenance into a smart process. This
system supports Industry 4.0 concepts. It
also improves equipment lifespan and
reduces maintenance costs. Hence,

predictive maintenance is essential for

modern industries.
LITERATURE SURVEY

Recent research in predictive maintenance
focuses on IloT-based monitoring and
cloud-based analytics. Many studies
highlight the importance of real-time sensor
data for detecting machine faults.
Researchers have used sensors to monitor
parameters like temperature, vibration, and
pressure. Cloud platforms such as
ThingSpeak and AWS IoT are widely used
for data storage and analysis. Edge
computing is also introduced to improve

real-time decision-making.

Several works emphasize threshold-based
monitoring due to its simplicity and
reliability. Multi-sensor data  fusion
improves accuracy and reduces false

alarms. Visualization tools help operators
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understand machine conditions easily.
Alert-based systems provide timely
notifications to maintenance teams. Many
case studies demonstrate applications in
industries like manufacturing, automotive,
and agriculture. Hybrid models combining
edge and cloud computing are gaining
importance. Research also focuses on user-
friendly dashboards and decision support
systems. However, challenges like data
integration and security still exist. Cost-
effective and scalable solutions are
required. These studies form the foundation
for developing intelligent predictive

maintenance systems.
EXISTING SYSTEM

Existing maintenance systems mainly rely
on traditional approaches such as corrective
and preventive maintenance. Corrective
maintenance 1is performed only after
machine failure, causing downtime and
high repair costs. Preventive maintenance is
done at fixed intervals, which may lead to
unnecessary servicing. Condition-based
maintenance uses basic sensors but lacks
continuous monitoring. These systems
depend heavily on manual inspection and

human expertise.

There is no centralized data storage or cloud
integration. Real-time monitoring and
automation are not available. Maintenance

decisions are not data-driven. These
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limitations result in inefficiency and
increased operational costs. Therefore,
traditional systems are not suitable for

modern industrial environments.
PROPOSED SYSTEM

The proposed system introduces an IoT-
based predictive maintenance solution. It
uses sensors to continuously monitor
machine parameters. The collected data is
transmitted to the cloud for analysis. The
system detects abnormal conditions using
threshold-based logic. Alerts are generated
when values exceed safe limits. It enables
real-time and remote monitoring of
machines. The system reduces downtime
and maintenance costs. It supports data-
driven  decision-making. = Automation
reduces human intervention. Overall, the

proposed system improves efficiency and

reliability in industrial operations.

ARCHITECTURE
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The architecture of the predictive
maintenance system is designed to integrate
sensing, processing, communication, and
control into a single efficient framework. At
the core of the system is the Raspberry Pi,
which acts as the central processing unit
connecting all components. Sensors such as
DHTI11, MQ-2, and LDR continuously
collect real-time environmental and
machine data. This data is transmitted to the

Raspberry Pi, where it is processed and

analyzed using predefined conditions.

The processed information is displayed
locally on the LCD for user monitoring.
Simultaneously, the data is sent to the cloud
platform through IoT connectivity for
remote access and storage. The cloud
performs data analysis, visualization, and
alert generation for abnormal conditions.
Based on sensor inputs and analysis, the
Raspberry Pi controls the motor operation

automatically.

The system ensures real-time monitoring,
early fault detection, and quick response.
Overall, the architecture provides a smart,
reliable

automated, and predictive

maintenance solution.
MEDHOLOGY DISCRIPTION

The methodology of the system involves
multiple stages of data collection,
processing, and analysis. First, IoT sensors

collect real-time data from machines. These
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sensors  measure  parameters  like
temperature, humidity, gas levels, and light
intensity. The data is sent to the Raspberry
Pi Pico W for processing. The
microcontroller converts raw signals into

meaningful values.

Data preprocessing is performed to remove
noise and errors. The processed data is
transmitted to the cloud platform via Wi-Fi.
The cloud stores and organizes the data for
further analysis. Threshold-based
techniques are used to detect abnormal
conditions. Alerts are generated when

sensor values exceed safe limits.

The system also displays data on an LCD
for local monitoring. Machine control
actions are performed automatically based
on conditions. The system continuously
monitors and updates data in real time.
Historical data is used for trend analysis.
This methodology ensures accurate and

efficient predictive maintenance.

HARDWARE AND SOFTWARE
REQUIREMENTS

www.ijesat.com

Fig: 1 Raspberry Pi

The Raspberry Pi acts as the central
processing unit of the predictive
maintenance system. It collects real-time
data from all connected sensors such as

DHT11, MQ-2, and LDR.

The microcontroller processes this data and
converts it into meaningful information. It
performs decision-making based on
predefined threshold values. The Raspberry
P1i also controls the motor depending on the
sensor conditions. It sends processed data to
the cloud platform using  Wi-Fi
connectivity. Additionally, it displays real-
time values on the LCD screen. Thus, it acts
as the brain of the entire system,

coordinating all operations efficiently.

Fig:2 MQ-2 Gas Sensor

The MQ-2 gas sensor is designed to detect
combustible gases such as LPG, methane,
propane, and hydrogen. It is highly
sensitive to smoke and gas leakage, making
it suitable for safety applications. The
sensor generates an analog output
corresponding to gas concentration, which

is processed by the NodeMCU. Early
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detection of gas leakage helps in preventing
hazardous situations and ensures user

safety.

Fig: 3 DHT11

The DHTI11 sensor is used to measure
ambient temperature and humidity levels in
the indoor environment. It provides
calibrated digital output, ensuring stable
and reliable readings. The sensor helps in
monitoring thermal comfort conditions and
plays an important role in overall
environmental analysis. Accurate
temperature and humidity data support
better decision-making in ventilation

control.

Fig:4 LDR Sensor

The LDR sensor is used to measure light
intensity in the surroundings. It helps in
detecting changes in environmental lighting
conditions. The sensor works by varying
resistance based on light intensity. It sends

analog signals to the Raspberry Pi for
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processing. Sudden changes in light may
indicate abnormal machine behavior or

power issues.

A= Contrast control
LERRY Register select
(=R LED- Ground

Fig:5 LCD Display

The LCD display is used to show real-time
sensor data to the user. It provides a simple
interface for monitoring system status. The
display shows parameters like temperature,
humidity, gas levels, and light intensity. It
helps users understand machine conditions
without using external devices. The
Raspberry Pi continuously updates the LCD
with current values. It also displays alerts
when abnormal conditions occur. This
improves user interaction and system
usability. Thus, the LCD acts as a local

monitoring device.

Fig: 6 Motor
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The motor represents the actual machine
being monitored in the system. It is
controlled by the Raspberry Pi based on
sensor inputs. The motor operates normally
when all parameters are within safe limits.
If any abnormal condition is detected, the
system can stop the motor. This prevents
damage and ensures safety. The motor
demonstrates real-time control capabilities
of the system. It shows how predictive
maintenance can automate machine
operations. Thus, it acts as the output and

control element of the system.
A. Arduino IDE

The Arduino Integrated Development
Environment (IDE) is utilized for
developing, compiling, and uploading the
embedded program to the NodeMCU
(ESP8266). It provides a user-friendly
platform for writing code in Embedded C
and supports a wide range of libraries for
sensor interfacing and device control. The
IDE enables efficient implementation of
data acquisition, processing logic, and

actuation control within the system.
B. Cloud Platform

The cloud platform is used for storing and
analyzing sensor data remotely. It receives
data from the Raspberry Pi through IoT
communication. The cloud enables real-
time monitoring from any location. It stores

historical data for future analysis and
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comparison. The platform uses threshold-
based logic to detect abnormalities. Alerts
and notifications are generated for
maintenance teams. It provides graphical
visualization of machine performance.
Overall, the cloud enhances data
accessibility and intelligent decision-

making.
RESULTS AND DISCUSSION

The system was successfully implemented
and tested using real-time data. Sensors
accurately measured environmental and
machine parameters. The LCD displayed
real-time values such as temperature and
humidity.  Data  was  successfully
transmitted to the cloud platform. Graphs

showed continuous monitoring of machine

conditions.

Fig : 7 Testing the Prototype

The system responded quickly to abnormal
values. The motor was automatically
controlled based on sensor readings. Alerts

were generated for unsafe conditions. The
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system proved to be reliable and efficient.
Overall, the results demonstrate effective

predictive maintenance using [oT.

The hardware prototype was tested in real-time
conditions. The LCD displayed:

e Temperature in °C

e Humidity in %

e Gas sensor readings

e Light status (ON/OFF)

Example observations:

e Temperature = 34°C
e Humidity = 76%

e QGas values varied depending on
surroundings

e Light detection responded instantly

This confirms proper sensor interfacing and
real-time display functionality.

Cloud Monitoring Results
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Fig : 8 Sensor data was successfully
uploaded to the cloud platform
Thing Speak.
CONCLUSION

The project successfully demonstrates a

predictive maintenance system using loT
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and cloud technologies. It provides real-
time monitoring and early fault detection.
The system reduces downtime and
maintenance costs. It improves machine
reliability and efficiency. Cloud integration
enables remote monitoring and data

analysis.

The system supports automated decision-
making. It eliminates limitations of
traditional maintenance methods. The
project contributes to smart industrial
solutions. It aligns with Industry 4.0
concepts. Overall, it is a reliable and

effective maintenance system.
FUTURE SCOPE

The system can be enhanced by integrating
advanced machine learning algorithms.
More sensors can be added for better
monitoring. The system can be expanded to
support multiple machines. Mobile and web
applications can improve user interaction.
Integration with big data analytics can

provide deeper insights.

Security features can be improved for safe
communication. The system can be applied
in various domains like healthcare and
agriculture. Automation can be further
enhanced for fully autonomous systems.
Edge computing can be used for faster
processing. Overall, the system has great

potential for future industrial applications.
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