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Abstract—The Predictive Maintenance and Safety
Monitoring System is a smart industrial solution which
keeps track of the condition of the machines and the
safety of the work environment round the clock, through
sensor-based data acquisition and software analytics it
operates. The system unites vibration, temperature,
smoke, and flame sensors with an Arduino
microcontroller for the purpose of gathering real-time
operational data, these data are then sent to a Java-based
backend system for processing and storage in a MySQL
database. Besides predicting potential machine failures
from abnormal vibration and temperature patterns, the
system can detect fire and smoke hazards and
automatically alert humans to these dangers through
buzzers and web notifications. The Admin and Safety
Officer roles have different access privileges that allow
administrators to manage machines, monitor systems,
handle alerts and schedule maintenance. Most
importantly, the platform synergizes predictive
maintenance and safety monitoring to lower unplanned
downtime, increase machinery lifespan, improve
workplace safety, and optimize maintenance costs.
Therefore, it is a great fit for the modern industry that
focuses on automation, reliability, and smart decision-
making.

Index  Terms—Predictive ~ Maintenance,  Arduino,
Vibration Sensor, Temperature Sensor, Industrial Safety,

10T, Machine Health Monitoring.

I. INTRODUCTION
Industries depend on machines and automation to keep

up productivity, quality, and efficiency of operations.
A breakdown of a machine kept at an unexpected time
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can lead to production downtime, costly repairs, safety
issues, and loss of reputation. Therefore, industrial
challenges of machine reliability and workplace safety
should always be adequately addressed. Reactive
maintenance is only capable of fixing machines after
the failure and preventive maintenance that is done
according to fixed schedules and not based on the real-
world conditions of the machines, which usually
results in the unavailability of the machines and waste
of resources, are just some of the drawbacks of using
the traditional methods of maintenance for the
machines. On the other hand, predictive maintenance
is at the forefront of industrial upgrades in which
machine health is assessed through real-time sensor
data and historical analysis, and failures are forecasted
ahead of time. One can easily detect the mechanical
breakdown of an equipment in its infancy stage by
checking the changes in parts such as vibration,
temperature, and operational behavior. Industrial
safety should be given just as much attention since
there are fire hazards, smoke, and heat which can
destroy the physical and human elements of our lives
while manual inspection is still the most sluggish and
inaccurate method of detection. An integrated
Predictive Maintenance and Safety Monitoring
System that merges machine health diagnosis and
safety detection into one single easy-to-use platform
using Arduino based sensors and a Java-based web
application for real-time monitoring, alerts, and
maintenance scheduling is the idea behind this
proposal.
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I.LITERATURE REVIEW

Paper Name Author Name [Year  |Algorithm /Database [Observation Drawbacks
Logic Used

Arduino- Based Low-cost  Arduino-based -
Machine A. Mehta, S system monitors machine'\IO prediction
Condition L " 72019  |Rule-Based MySQL ystem . . |capability,  manual

o Joshi conditions using basic
Monitoring thresholds.

sensors.

System
Predictive F'requ'ency- . domain . .

. \vibration analysis helpsiSensitive to noise and
Maintenance  |P. Kumar, R/[2020 . .

. T FFT, K-Means [SQLite  |detect abnormal machinelimited fault
Using VibrationSing . . e
. . conditions without labelediclassification.
Signal Analysis

data

Unsupervised
/Anomaly T Brown E Learns normal maChineCannot classify exact
Detection  for| , . " TR021  |Autoencoder  |Mongo DBbehavior and  detects

- \Wilson - . fault types.
Predictive deviations automatically

Maintenance

Deep Learning-
Based Fault

Hybrid deep learning, o\ large datasets

. . L. Chen, X, model extr ial an .
Diagnosis  for "™ X023 [ONN+LSTM  |NosqL  [Tedel extracts spatial and, high-end
. \Wang temporal  features  for
Rotating . . hardware.
. accurate fault diagnosis.
Machinery
A Review off . .
Predictive Comprehensive review off
. J. Smith, M, Comparative ML, DL, and 1oT- basedNo experimental
Maintenance 2024 _ . i .
. ._|Anderson Study predictive maintenancelimplementation.
Techniques  in
approaches.

Industry 4.0

1. Arduino-Based Machine Condition Monitoring
System (2019):

Mehta and S.Joshi designed a low-cost Arduino-based
machine condition monitoring system using rule-
based logic and MySQL for data storage. The system
monitors machine conditions through basic sensors
and predefined thresholds. While cost-effective and
simple to implement, it lacks predictive capabilities
and depends heavily on manual threshold
configuration.

2. Predictive Maintenance Using Vibration Signal
Analysis (2020):

P. Kumar and R. Singh focused on predictive

maintenance using vibration signal analysis. Their

approach applies FFT and K-Means clustering on

vibration data stored in SQLite to detect abnormal

machine conditions without requiring labeled datasets.
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Although this method is useful for unsupervised fault
detection, it is highly sensitive to noise and provides
limited fault classification capability.

3. Unsupervised Anomaly Detection for Predictive
Maintenance (2021):

T. Brown and E. Wilson introduced an unsupervised
anomaly  detection approach for predictive
maintenance using autoencoders. The model learns
normal machine behavior from historical data stored
in MongoDB and detects deviations automatically.
While effective for anomaly detection, the system
cannot identify or classify specific fault types.

4. Deep Learning-Based Fault Diagnosis for Rotating
Machinery (2023):

L. Chen and X. Wang proposed a deep learning-based

fault diagnosis system for rotating machinery using a
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hybrid CNN and LSTM model. The approach uses
NoSQL databases and extracts both spatial and
temporal features from sensor data, resulting in high
fault diagnosis accuracy. However, the system
requires large datasets and high-end hardware,
increasing implementation cost.

5. A Review of Predictive Maintenance Techniques
in Industry 4.0 (2024):

J. Smith and M. Anderson presented a comprehensive
review of predictive maintenance techniques in the
context of Industry 4.0. The study compares machine
learning, deep learning, and loT-based approaches,
highlighting their strengths and limitations. Although
the review provides valuable insights, it does not
include any experimental implementation or practical
validation.

1. EXISTING SYSTEM

Existing industrial maintenance and safety systems are
largely manual or semi-automated. Maintenance
activities are typically performed either after machine
failure or at predefined time intervals. However, these
approaches do not provide real-time insights into
machine health. In reactive maintenance systems,
machines are repaired only after a breakdown occurs.
This leads to unplanned downtimes, production losses,
and higher repair costs. Emergency repairs often
require the immediate availability of spare parts and
skilled labor, increasing operational stress. Preventive
maintenance systems schedule maintenance based on
time or usage hours. Although this approach reduces
sudden failures, it does not consider the actual
condition of the equipment. Machines may be serviced
even when they are operating normally, leading to
inefficient resource use. Safety monitoring in existing
systems often relies on standalone fire alarms and
manual supervision. These systems are not integrated
with machine monitoring platforms and do not provide
centralized reporting or alert management features.
Limitations of Existing System:

o Lack of real-time monitoring

o No predictive analysis

e High downtime and maintenance cost

o Poor safety incident response

o No centralized data storage

o Limited decision support for maintenance planning
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IV. PROPOSED METHODOLOGY

The proposed system is an loT-based Predictive

Maintenance and Safety Monitoring System designed

to overcome the limitations of traditional maintenance

methods. It integrates multiple sensors with an

Arduino microcontroller to collect real-time machine

and environmental data. The system follows a

structured methodology, starting from data acquisition

to alert generation.

1) Sensor Data Collection: Sensors continuously
collect vibration, temperature, smoke, and flame
data from machines.

2) Data Transmission: Arduino processes the sensor
values and sends them to the Java backend through
serial or wireless communication.

3) Data Processing: The backend analyzes the sensor
data using predefined threshold values to detect
abnormal conditions.

4) Prediction and Detection: Abnormal vibration or
temperature indicates possible machine failure.
Smoke or flame detection indicates a fire hazard.

5) Alert Generation: Buzzer alerts were activated
locally, and notifications were displayed on the
web dashboard.

6) Maintenance Scheduling: Safety officers schedule
maintenance tasks based on alerts and system
recommendation

System Architecture

Advantages of Proposed System:

* Real-time machine health and safety condition
monitoring

* Early machine failure detection prior to breakdown

* Instantaneous smoke and fire alerts via web
notifications and buzzers
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* A centralized web-based system for scheduling
maintenance and storing data

V. CONCLUSION

The Predictive Maintenance and Safety Monitoring
System is an innovative and trustworthy solution that
industrial companies can use for machine monitoring
as well as safety management. The system, which
predicts the failure of the machines and can detect
dangerous situations in the early stages, combines live
sensor data with smart software analysis. The
introduced solution minimizes the occurrence of
sudden breaks, extends the life of the equipment, and
increases the safety of the staff. Its modular design, as
well as the web-based interface, make it scalable and
suitable for different industrial uses. The integration of
hardware sensing with software intelligence is a great
example of how industrial operations can be
drastically improved.
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