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Abstract—In industrial machines, vibration monitoring is a vital instrument to the system, as it can detect the smallest
faults at an early stage and thus prevent the breakdown of the machine. This project is about a sensor- based vibration
monitoring system that keeps on taking the vibration signals from the machine and comparing them to a predetermined
reference signal which is fault-free. If the detected vibration pattern is similar to the reference signal by 90% or more, the
machine is considered to be in good condition. Any considerable difference is signifying the abnormal operation or a
potential fault. The system employs a vibration sensor and a microcontroller to capture and handle the signals in real time.
This easy and efficient way of fault identification, such as the instability, the misalignment, or the bearing wear, which can
be the cause of the machine's death. The method, which is also applicable in various industrial settings, could lead to a
significant increase in machine reliability and operational safety, besides being a valuable tool for predictive maintenance.
Vibration Analysis (VA) is the most significant method utilized in the condition-based maintenance strategy, by a large
margin. It offers a straightforward and immediate manner of locating the source of the problem, which is very supportive,
particularly in the early stages. The continuous monitoring and the mechanical system's occasional check-up through this
instrument is a reliable and efficient way, hence, it is possible to have the very first alert almost for any incident before the
situation becomes a serious failure.

Keywords— Vibration Sensor, Fault Detection, Signal Comparison, Microcontroller, Machine Condition Monitoring,
Predictive Maintenance.

I. INTRODUCTION

One of the most effective ways to evaluate the condition and the efficiency of machines in the industry is to
keep track of the vibration signals of the machines. A properly working machine is characterized by stable and
regular vibration patterns, while machines with defects produce irregular vibrations due to the defects that
have occurred in them, such as an imbalance, misalignment, a worn bearing, or loose parts. Finding these
irregularities at the very beginning makes the suppression of large mechanical breakdowns possible, which in
turn, lowers the maintenance cost and prolongs the safety and the productivity of the machines.

This work is centered on a sensor-based-vibration situation system that regularly takes the vibration signals
from a machine, which are then compared to a predetermined fault-free reference signal. If the new signal has
a similarity of 90% or more with the reference signal, then the machine is assumed to be in good condition.
The use of a vibration sensor and a microcontroller enables real-time measurement, signal processing, and
comparison. This modest and effective method gives a seamless machine monitoring opportunity which can be
a great asset in the field of predictive maintenance and, therefore, the general operational reliability can be
enhanced.

It is at the core of efficient early fault diagnosis that the reduction of maintenance costs, the increase of
reliability, and the general enhancement of productivity and safety can be achieved in the case of rotating
machinery. The main idea behind predictive maintenance is the non-stop observation of the state of the
equipment so that the performance can be assessed, and abnormalities can be detected instantly. Bearings are
the most critical part of the machine, and research indicates that bearing-related incidents are the major
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sources of machine breakdowns, thus giving considerable attention to the implementation of vibration-based
fault detection systems.

Fig.2 Step by step process in Vibration-Based Fault detection System Machine learning algorithm

One of the main ways to keep people safe and assure the machines that they are operating efficiently is to be able to
detect through vibrations what the operating condition of the machine is. Every machine creates a very special
vibration pattern while it is operating, thus, if one were to look at the vibration signal, the normal function could be
easily distinguished from the one of imbalance, misalignment or even bearing faults, for example. Early stage
problem detection through vibration monitoring will be very helpful as the problems would then not have a chance to
cause serious mechanical damage. Today the vibration method for the machine’s condition is very popular and it has
been an issue of great interest, over several years, on the part of different industrial sectors.

The current task of the given author is focusing on designing a manageable working prototype of a vibration signal
processing technology, using vibration sensor and a microcontroller, which can be used to check for faults in a
machine. As one can expect, the system receives machine vibrations as input and then tries to match them with the
reference vibrations that correspond to the good health of the machine. If the correspondence between the two
vectors, measured and reference, is 90% or above, the machine is assumed to be in a good state. The difference
between these two vectors moving outside the preset range gives the sign of a possible fault or abnormal operation.
This approach is very helpful for the identification of faults in a real-time manner, thus giving the industries the
possibility to have scheduled maintenance rather than unplanned downtime. The suggested method may be the
decision that overcomes the difficulties in signal.

Il REVIEW OF LITERATURE

Vibration-based fault detection is a leading method of the machines' condition monitoring in the industrial
setting. The method plays a key role in recognizing typical mechanical issues like imbalance, misalignment,
bearing wear, and loose components. The timely detection of these faults is essential for avoiding major

10.62346/ijbsip_ql_v13_nol_26_06]| Vibration Signal Analysis for Fault Detection in Machines 2




ERES International Journal of Bio Signal & Image Processing (ISSN: 2349-2236) Vol 13, No 1, Jan — Mar 2026

breakdowns, cutting maintenance costs, and allowing operational safety to occur. Vibration-based condition
monitoring has been conducted through several methods. The most common procedure involves obtaining the
real-time vibration signals from a machine using sensors, and then comparing these with a reference signal,
which describes the healthy state. The machine is deemed to be in a good state if the measured signal is as
close as or more than a certain threshold value (say 90%) compared to the reference. The presence of large
differences gives the indication of faults or abnormal operation. Microcontroller-based systems are also used to
turn this process into an automated one, real-time data can be acquired, the signal can be processed, and the
fault detected without the hassle of complex computation. This method is not only cost-effective, reliable, and
suitable for continuous monitoring in industrial environments but alsoh as well as. Furthermore, basic signal
processing methods like RMS (Root Mean Square) computation and peak amplitude measurement can
significantly augment the capt of abnormal vibrations radation.

Summarily, the research findings in the past indicate that the use of vibration sensors linked with signal
comparison from a predetermined source provides a viable and efficient facility for maintenance purposes,
which is predictive in nature. This method allows the identification of faults in time, thereby, ensuring machine
reliability and lessening the chances for failures occurring unexpectedly.

11 METHODOLOGY

A. Sensor-Based Vibration Signal Analysis.
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Fig.3 METHODOLOGY Sensor-Based Vibration Signal Analysis.

The proposed way is a vibration sensor that is an integral part of the system to keep the sensor's delivery along with
the machine's routine task. The signals represent the normal working conditions and are correlated to pre-recorded
standard signals, which are a representation of healthy and fault-free machine conditions. The health of the machine
is determined such that if the resultant signal matches the reference value by 90% or more. Any significant variation
from that point will indicate a fault or a machine that is not operating in a normal way.

On the microcontroller, the system is inputted with signals from the surrounding area on the spot. Basically, the
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signal processing methods are carried out like RMS (Root Mean Square) calculation, peak amplitude measurement,
and signal comparison to determine the status of the machine. The composition of the tasks is as follows: signal
capturing, signal preprocessing, reference signal matching, and fault indication.

This is a technique that still assures cheap, reliable, and real-time solutions for the identification of machine faults. It
allows the diagnosis of mechanical faults such as imbalance, misalignment, or bearing wear at an early stage, thus
enabling the avoidance of unexpected breakdowns and the efficient use of predictive maintenance.

B. Branch-Based Signal Comparison Method

Branch-based signal comparison is a method which is utilized by the system to increase the fault detection precision
instead of using neural networks. The original vibration signal is handled step-by-step, where each branch deals with
a certain feature of the signal, e.g. amplitude variations, RMS values, or frequency characteristics.

In each branch, the feature extracted from the current signal is compared with the same feature of a healthy (normal)
signal. The results of each branch are then aggregated to provide the overall machine condition assessment. If all the
branches are able to find a high degree of similarity ( 2 90%) with the healthy signal, the machine is regarded as
normal. In any other case, the system will generate a warning for the existence of a fault. This approach, based on
branches, allows the system to capture different signal characteristics at the same time, which is an advantage in the
detection of subtle anomalies as the system does not require complex computations. The process flow from signal
acquisition through feature extraction in parallel branches, feature comparison, and final condition assessment is a
reliable and real-time solution for predictive maintenance in industrial machines.
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Fig.5: different signal detection method for the maintenance program of predictive type.
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C. Data Sets

The datasets contain the vibration signals of industrial machines that are healthy and faulty with different
problems such as imbalance, misalighment, and bearing wear. Healthy signals serve as a basis, whereas faulty
signals are used to test the system’s capability for detecting abnormalities. Every recording consists of time-
domain vibration values and also some main features such as RMS and peak amplitude for the support of on-
the-spot fault detection and maintenance.

IV RESULTS AND DISCUSSION
A. Condition Checking Using Vibration Input

The condition checking system is designed to capture vibrations from machines and then match them with a
healthy reference signal that has been predetermined. The system's capabilities are rated by accuracy,
precision, recall, and F1 score when it comes to differentiating between fault types.

Findings indicate that the system most accurately identifies imbalance faults, hence, the greatest accuracy is
attained. The rest of the faults that can be detected as misalignment and bearing wear, detection are done with
a fair degree of accuracy. Moreover, the system reports high precision and recall for the most frequent faults,
thus the identification of the critical machine issues is dependable. In case of less common faults or slight
deviations, it is difficult to detect them, which leads to a lower number of these cases. Essentially, the vibration-
based comparison approach is the mainstay of the effective and stable substandard.

[Live Feature - Reference Feature]
Simiarity Score = - —
Reference Featur

L

IF Simiarity Score = 0% —
GOOD CONDITION

IF Simlarity Score < 90% —
FAULT ALERT

Fig.6: Condition Checking formula

Machine Condifion | Comrect [dentification Rate IMajm' Misclassification Chrver Ervors

Nommal >91%{ 2% (Misalignment/Nosse} T
Noise/Error “40%)| 2% {Normal/Loosaness/Gear Fault) B%
Imbalance 80-80°% 3% {Misalignment/Bearing Fault B
Misalignment 70-79% 4% {Bearing Fault) 12%
Bearing Faull B0-60% 3% (Misasignment) 230%
Gear Fault 55.65% 3% (Motor Faull >30%
Motor Fauit < 50%| 3% (Gear Fault >30%h

Table.1: [comparison vibration signal percentage]
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V. CONCLUSION

The study is very clear that vibration signal monitoring is the best method and a very reliable one for trouble
detections in machines. The proposed system gets real-time vibration data and checks it against the predefined
healthy reference signal. If the similarity level is more than 90%, the energy produced by the machine is of good
quality. This simple but effective method is the earliest stage for the abnormality detecting process such as
imbalance, bearing faults and misalignment.

The newly developed method is low-cost, accurate, and simple to be implemented, thus it is an excellent option
for both small and large industrial setups. The future improvements to this system may involve the inclusion of
loT sensors and machine learning algorithms for the purposes of automated fault classification, predictive
maintenance, and real-time alerts. Such developments will not only extend the longevity of machines but also
make them safer and more energy-efficient.
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