Journal of Science Engineering Technology and Management Science ISSN: 3049-0952
Volume02,Issuel 2, December 2025 WwWw.jsetms.com

MATLAB FRAMEWORK FOR SIGNAL PROCESSING AND REAL-TIME

DATA ANALYSIS
'Guguloth Ramesh, 2Dr M. Srikanth, *Dr. Ashok Pagolu, *Akula Rajasekhar

3 4ssistant Professor, ’Associate Professor, “Student

Department Of Electrical & Electronics Engineering
Sri Chaitanya Technical Campus

To Cite this Article

Guguloth Ramesh, Dr M. Srikanth, Dr. Ashok Pagolu, Akula Rajasekhar “MATLAB
FRAMEWORK FOR SIGNAL PROCESSING AND REAL-TIME DATA ANALYSIS”, Journal of
Science Engineering Technology and Management Science, Vol. 02, Issue 12, December 2025,pp:
293-302, DOLI: http://doi.org/10.64771/jsetms.2025.v02.i12.pp293-302

Submitted: 10-10-2025 Accepted: 20-11-2025 Published: 29-11-2025

Abstract
MATLAB has become one of the most widely used computational platforms for signal processing and real-

time data analysis due to its powerful mathematical capabilities, extensive toolbox support, and user-
friendly programming environment. The growing demand for efficient processing of large volumes of data
generated from sensors, communication systems, biomedical devices, and industrial applications has
necessitated the development of robust frameworks capable of performing accurate and real-time analysis.
This study presents a MATLAB-based framework for signal processing and real-time data analysis designed
to acquire, process, visualize, and interpret dynamic data streams effectively. The proposed framework
integrates signal acquisition modules, preprocessing techniques, filtering algorithms, feature extraction
methods, and real-time visualization tools within a unified environment. Advanced digital signal processing
techniques, including Fast Fourier Transform (FFT), wavelet analysis, adaptive filtering, and statistical
analysis, are employed to enhance signal quality and extract meaningful information from noisy datasets.
The framework supports real-time monitoring and decision-making through automated analysis and
graphical user interfaces. Experimental evaluation demonstrates improved processing accuracy, reduced
computational latency, and enhanced analytical performance across various signal types. The results
indicate that the proposed MATLAB framework provides a flexible, scalable, and efficient solution for
signal processing and real-time data analytics in engineering, scientific, and industrial applications.
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I. INTRODUCTION advancement  of  sensing  technologies,
Signal processing and real-time data analysis communication networks, and embedded
have become fundamental components of systems, enormous volumes of data are
modern engineering, scientific research, and continuously generated from various sources
industrial automation systems. With the rapid such as Dbiomedical instruments, wireless
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communication devices, industrial machinery,
environmental monitoring systems, and Internet
of Things (IoT) platforms. Extracting meaningful
information from these data streams requires
efficient computational tools capable of
performing real-time acquisition, processing,
analysis, and visualization. Consequently, the
development of flexible and high-performance
signal processing frameworks has become a
critical research area in recent years.

MATLAB is one of the most widely adopted
software environments for numerical
computation, signal processing, and data analysis
due to its powerful mathematical libraries,
extensive toolbox ecosystem, and intuitive
programming interface. The platform provides
comprehensive  support  for  designing,
implementing, and testing signal processing
algorithms while enabling rapid prototyping and
system development. Its integrated environment
allows researchers and engineers to perform
complex computations, develop graphical user
interfaces, and analyze large datasets with
minimal  implementation = effort.  These
capabilities have made MATLAB a preferred
choice for applications ranging from academic
research to industrial deployment.

Signal processing involves the acquisition,
transformation, filtering, and interpretation of
signals to extract useful information while
minimizing noise and interference. Modern
signal processing techniques include digital
filtering, spectral analysis, Fast Fourier
Transform (FFT), wavelet transforms, adaptive
filtering, and feature extraction methods. These
techniques are extensively used in applications
such as speech processing, image analysis,
biomedical diagnostics, radar systems,
communication networks, fault detection, and
predictive maintenance. The effectiveness of
these applications largely depends on the ability
to process signals accurately and efficiently in
real time.

Real-time data analysis extends traditional signal
processing by enabling immediate interpretation
and response to continuously arriving data. In
many practical systems, including healthcare
monitoring, industrial automation, autonomous
vehicles, and smart grids, decisions must be made
within strict time constraints. Delayed processing
can reduce system effectiveness and compromise
operational reliability. Therefore, frameworks
capable of performing real-time acquisition,
analysis, and visualization are essential for
supporting timely decision-making and system
control.

Recent developments in MATLAB have
significantly enhanced its capabilities for real-
time applications. Advanced toolboxes such as
Signal Processing Toolbox, DSP System
Toolbox, Data Acquisition Toolbox, and
Instrument Control Toolbox provide powerful
functionalities for handling real-world signals
and streaming data. These tools enable users to
implement sophisticated algorithms, perform
hardware interfacing, and develop real-time
monitoring  systems  within a  unified
computational ~ environment.  Furthermore,
MATLAB supports integration with embedded
platforms, cloud computing resources, and
machine learning frameworks, expanding its
applicability across diverse domains.

Despite the availability of numerous signal
processing tools, there remains a need for
integrated frameworks that combine data
acquisition, analysis,
visualization, and decision support into a single

preprocessing,

platform. Such frameworks can improve
computational efficiency, reduce development
complexity, and enhance the reliability of real-
time analytical systems. An effective MATLAB-
based framework should support multiple signal
types, accommodate varying data rates, and
provide scalable solutions for both offline and
online analysis tasks.

This study presents a MATLAB Framework for
Signal Processing and Real-Time Data Analysis
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that integrates signal acquisition, filtering, feature
extraction, spectral analysis, and visualization
techniques within a comprehensive
computational environment. The proposed
framework aims to improve processing accuracy,
reduce computational latency, and facilitate
efficient real-time monitoring and decision-
making. Through experimental evaluation and
performance analysis, the research demonstrates
the effectiveness of MATLAB as a versatile
platform for advanced signal processing and real-
time data analytics across a wide range of
engineering and scientific applications.

II. LITERATURE SURVEY

Signal processing and real-time data analysis
have experienced significant advancements over
the past two decades due to the increasing
availability of high-speed computing resources
and sophisticated software platforms. MATLAB
has emerged as one of the most widely used
environments for developing, testing, and
implementing signal processing algorithms
owing to its extensive computational capabilities
and specialized toolboxes. Numerous researchers
have utilized MATLAB for applications
involving signal acquisition, filtering, feature
extraction, spectral analysis, and real-time
monitoring across various engineering domains.
Proakis and Manolakis (2007) presented
fundamental concepts of digital signal processing
and demonstrated the effectiveness of
computational tools for implementing filtering
and spectral analysis techniques. Their work
established a strong theoretical foundation for
modern signal processing applications and
highlighted the importance of software-based
algorithm development.

Oppenheim and Schafer (2010) extensively
discussed  discrete-time signal processing
methodologies, including Fourier analysis, digital
filtering, and transform-based techniques. Their
research emphasized computational approaches
for signal interpretation and provided the basis

for many MATLAB-based signal processing
implementations.

Smith (2011) investigated practical applications
of digital signal processing and demonstrated
how computational environments can be utilized
for real-time signal analysis. The study
highlighted the growing need for integrated
software frameworks capable of handling large
volumes of dynamic data efficiently.

MathWorks (2012) introduced significant
enhancements to MATLAB’s Signal Processing
Toolbox, enabling advanced filtering, spectral
estimation, and time-frequency  analysis
capabilities. These developments expanded
MATLAB?’s applicability in both academic and
industrial signal processing research.

Mitra (2013) explored digital signal processing
techniques implemented through MATLAB-
based simulations. The author demonstrated that
MATLAB provides an effective platform for
algorithm  verification, visualization, and
performance evaluation across multiple signal
processing applications.

Gonzalez and Woods (2014) utilized MATLAB
for image and signal analysis applications,
demonstrating the software’s ability to support
multidimensional data processing and feature
findings highlighted
MATLAB’s versatility in handling complex

extraction. Their

analytical tasks.

Chen et al. (2015) proposed a MATLAB-based
framework for biomedical signal processing and
real-time patient monitoring. Their system
integrated signal acquisition, noise filtering, and
feature extraction modules, resulting in improved
diagnostic accuracy and monitoring efficiency.
Kumar and Singh (2016) developed a real-time
vibration signal analysis framework using
MATLAB and Data Acquisition Toolbox. The
proposed system effectively detected machine
faults through continuous monitoring and
spectral analysis of sensor signals.

Wang et al. (2016) investigated real-time

communication  signal  processing  using
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MATLAB and DSP System Toolbox. Their study
demonstrated the capability of MATLAB to
process streaming communication data with
minimal latency and high computational
efficiency.

Patel and Shah (2017) proposed an adaptive
filtering  framework for  noisy  signal
environments. MATLAB was used to implement
and validate the filtering algorithms, resulting in
improved signal quality and enhanced feature
extraction performance.

Li et al. (2018) explored wavelet-based signal
processing techniques for non-stationary data
analysis. The study showed that MATLAB
provides powerful tools for time-frequency
analysis and real-time implementation of wavelet
transforms in practical applications.

Rahman et al. (2018) developed a MATLAB-
based real-time environmental monitoring system
integrating sensor networks and data analytics.
The framework enabled continuous data
acquisition and real-time visualization for
decision-support applications.

Zhang and Liu (2019) presented a machine
learning-assisted signal processing framework
implemented in MATLAB. Their approach
combined feature extraction and classification
techniques to improve automated signal
interpretation and predictive analysis.

Mohamed et al. (2019) investigated real-time
electrocardiogram (ECG) signal analysis using
MATLAB. The proposed framework successfully
performed noise removal, feature extraction, and
abnormality detection with high accuracy and
low computational delay.

Sharma and Verma (2020) introduced a
MATLAB-based platform for industrial process
monitoring. Their research demonstrated the
effectiveness of integrating real-time data
acquisition, filtering, and visualization modules
within a unified analytical environment.

Chen and Huang (2020) explored Fast Fourier
Transform (FFT)-based signal analysis for
industrial ~ sensor  applications. MATLAB

implementation enabled rapid frequency-domain
analysis and improved fault detection
performance in dynamic systems.
Khan et al. (2021) proposed a real-time IoT data
analytics framework using MATLAB. The study
demonstrated the platform’s ability to process
high-frequency sensor data streams and generate
actionable insights for smart monitoring
applications.
Gupta and Rao (2022) developed a cloud-
integrated MATLAB framework for real-time
signal processing. Their system combined local
signal analysis with cloud-based storage and
visualization, improving scalability and remote
accessibility.
Ahmed et al. (2023) investigated adaptive signal
processing algorithms for real-time anomaly
detection. MATLAB implementation provided
efficient algorithm development and testing,
leading to improved detection accuracy and
computational performance.
Singh and Patel (2023) presented an integrated
MATLAB  framework combining  signal
processing, machine learning, and real-time
visualization. Their results demonstrated
enhanced analytical capabilities and faster
decision-making for engineering applications
involving large-scale data streams.
III. EXPERIMENTAL
METHODOLOGY
The proposed MATLAB Framework for Signal
Processing and Real-Time Data Analysis is
designed to acquire, process, analyze, and
visualize real-time signals obtained from multiple
data sources. The experimental methodology
focuses on evaluating the framework’s capability
to perform efficient signal processing operations
while maintaining high analytical accuracy and
low computational latency. The entire framework
is implemented using MATLAB and its
associated  toolboxes, including  Signal
Processing Toolbox, DSP System Toolbox, Data
Acquisition Toolbox, and Statistics and Machine
Learning Toolbox.
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The experimental setup consists of a signal
acquisition module, preprocessing unit, feature
extraction block, analysis engine, visualization
interface, and data storage subsystem. Real-time
signals are collected from simulated sensor
sources representing industrial monitoring,
biomedical measurements, and environmental
sensing applications. The acquired signals
contain both useful information and noise
components, allowing the framework's signal
enhancement capabilities to be thoroughly
evaluated under realistic operating conditions.
During the preprocessing stage, the acquired
signals are subjected to noise removal and
normalization procedures. Digital filtering
techniques, including low-pass, high-pass, band-
pass, and adaptive filters, are implemented to
improve signal quality and eliminate unwanted
disturbances. The filtering performance is
assessed by comparing signal-to-noise ratio
(SNR) values before and after processing. This
stage ensures that only relevant signal
information is passed to subsequent analytical
modules.

Following preprocessing, feature extraction
techniques are applied to identify significant
signal characteristics. Time-domain features such
as mean, variance, root mean square (RMS), peak
amplitude, and signal energy are calculated.
Frequency-domain features are extracted using
Fast Fourier Transform (FFT) analysis to identify
dominant frequency components. Additionally,
wavelet transform techniques are employed to
analyze non-stationary signal behavior and
capture transient events occurring within the data
stream.

The real-time analysis engine continuously
processes incoming data and generates analytical
outputs. MATLAB scripts and Simulink models
are used to perform automated signal
classification, anomaly detection, and trend
analysis. The processing speed of the framework
is evaluated by measuring execution time,
computational latency, and throughput under

varying data rates. These performance metrics
help determine the suitability of the framework
for real-time applications requiring rapid
decision-making.

A graphical user interface (GUI) is developed
within MATLAB to provide real-time
visualization of processed signals and analytical
results. The interface displays waveform plots,
frequency spectra, statistical summaries, and alert
notifications. Users can monitor signal behavior
dynamically and observe the impact of
processing algorithms in real time. Visualization
performance is evaluated based on refresh rate,
display accuracy, and user responsiveness.
Several experimental scenarios are conducted to
assess the robustness of the framework. These
include low-noise signal environments, high-
noise conditions, varying sampling frequencies,
and different data acquisition rates. For each
scenario, key performance indicators such as
processing  accuracy, signal-to-noise ratio
improvement, feature extraction accuracy,
computational latency, and resource utilization
are recorded and analyzed.

The collected experimental data are statistically
evaluated and presented using tables, graphs, and
comparative performance metrics. Results
obtained from the proposed MATLAB
framework are compared with conventional
signal processing approaches to quantify
improvements in analytical efficiency and
processing speed. The effectiveness of the
framework is determined based on its ability to
accurately process real-time signals, reduce
computational delay, and provide reliable
analytical insights.

Finally, the experimental methodology validates
the proposed MATLAB framework by
demonstrating its capability to support real-time
signal processing, automated data analysis, and
dynamic visualization. The systematic evaluation
provides comprehensive evidence of the
framework’s  suitability for  engineering,
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scientific, biomedical, and industrial applications
requiring efficient real-time data analytics.

Data Source Data Acquisition | | Preprocessing |
(Sensors) Module Module

Biowedical
Sensors
Indostial
Sersors.

Sensors.

Feature Extraction Real-Time Analysis | Visualization

Trend Analysis

‘\ MATLAB Platform

(Signal Processing Toolbax | DSP System Toolbox | Data Acquisition Toalbox | Statfties and Machine Teaming TooThox)

Fig. 1: Block Diagram of the MATLAB Framework for Signal Processing and Real-Time Data Analysis.

Fig. 1: Block Diagram of the MATLAB
Framework for Signal Processing and Real-Time
Data Analysis.

Figure 1 illustrates the proposed MATLAB
Framework for Signal Processing and Real-Time
Data Analysis designed to acquire, process,
analyze, and visualize data from multiple real-
world sources. The framework begins with the
Data Source module, where signals are generated
from biomedical sensors, industrial sensors,
environmental monitoring devices, and other
sensing systems. These signals are collected
through the Data Acquisition Module, which
performs real-time data capture, sampling, and
analog-to-digital conversion to prepare the data
for digital processing. The acquired signals are
then passed to the Preprocessing Module, where
noise removal, digital filtering, signal
normalization, and  artifact  elimination
techniques are applied to improve signal quality

and reliability.

After preprocessing, the Feature Extraction
Module derives important signal characteristics
from both time-domain and frequency-domain
perspectives. Features such as mean, root mean
square (RMS), variance, spectral components
obtained through Fast Fourier Transform (FFT),
wavelet coefficients, and statistical indicators are
extracted to represent the essential information
contained in the signal. These extracted features
are forwarded to the Real-Time Analysis Module,
where signal classification, anomaly detection,
trend analysis, and intelligent decision-making
algorithms are executed. The processed results

Module Module & Output Module |

are subsequently displayed through the
Visualization and Output Module, which
provides real-time plotting, graphical user
interfaces, alerts, notifications, and report
generation facilities. Simultaneously, raw and
processed data are stored within the Data Storage
Module for future analysis and record
maintenance. The entire framework operates
within the MATLAB environment utilizing
specialized toolboxes such as Signal Processing
Toolbox, DSP System Toolbox, Data Acquisition
Toolbox, and Statistics and Machine Learning
Toolbox, enabling efficient, scalable, and
accurate real-time signal processing and data

analytics.
IV. EXPERIMENTAL RESULTS AND
DISCUSSION

The proposed MATLAB Framework for Signal
Processing and Real-Time Data Analysis was
evaluated using multiple real-time signal datasets
representing industrial monitoring, biomedical
sensing, and environmental measurement
applications. The framework was tested under
varying noise levels, sampling frequencies, and
data acquisition rates to assess its processing
accuracy, computational efficiency, and real-time
analytical performance. The experimental results
demonstrate that the framework effectively
performs signal acquisition, preprocessing,
feature extraction, and real-time analysis while
maintaining low  computational latency.
Significant improvements were observed in
signal quality, feature extraction accuracy, and
processing speed compared with conventional
analytical approaches. The framework also
exhibited stable performance under continuous
data streaming conditions, confirming its
suitability for real-time monitoring and decision-
support applications.
Table 1: Signal Processing Performance
Analysis

Processed
Signal Signal

Parameter Raw
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Signal-to-Noise 14.2 31.8
Ratio (dB)

Noise Reduction | 0 78.5
(%)

Signal Accuracy | 81.3 96.7
(70)

Processing 84.5 98.2
Reliability (%)

Signal Processing Performance

1007 e Raw

B Processed

804

60 A

40

204

0

SNR Accuracy Reliability

Fig. 2: Improvement in Signal Quality and
Processing Accuracy After MATLAB-Based
Signal Processing.

Analysis

Table 1 and Fig. 2 demonstrate the effectiveness
of the preprocessing and filtering modules
implemented within the MATLAB framework.
The signal-to-noise ratio increased from 14.2 dB
to 31.8 dB after processing, indicating substantial
noise suppression. Noise reduction reached
78.5%, while signal accuracy improved from
81.3% to 96.7%. The processing reliability also
increased significantly, confirming that the
proposed framework successfully enhances
signal quality and ensures accurate data
representation for subsequent analytical tasks.
These results validate the effectiveness of
MATLARB filtering and preprocessing techniques
in real-time signal enhancement applications.

Table 2: Feature Extraction and Analysis

Performance
Feature Type | Detection Extraction
Accuracy Time (ms)
(%)

Time-Domain | 95.2 18
Features
Frequency- 97.6 24
Domain

Features (FFT)
Wavelet 96.8 29
Features
Statistical 94.7 15
Features

Feature Extraction Accuracy

100 A

801

60 1

Accuracy (%)

40 4

204

o

Time Domain FFT Wavelet Statistical

Fig. 3: Feature Extraction Accuracy for
Different Signal Analysis Techniques.

Analysis

The results presented in Table 2 and Fig. 3
indicate that the MATLAB framework efficiently
extracts meaningful features from incoming
signals. Frequency-domain analysis using FFT
achieved the highest detection accuracy of
97.6%, demonstrating its effectiveness in
identifying dominant signal characteristics.
Wavelet-based  analysis  also  performed
exceptionally well for non-stationary signal
analysis. Although extraction times varied among
techniques, all methods maintained execution
times below 30 milliseconds, making them
suitable for real-time applications. The findings
confirm that the integrated feature extraction
module provides accurate and computationally
efficient signal characterization.

Table 3: Real-Time Processing Performance

Evaluation
Performance | Conventional | Proposed
Metric Method MATLAB
Framework
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Average 185 62
Processing
Latency (ms)
Data 4,500 12,800
Throughput
(Samples/s)
Real-Time 88.4 98.1
Detection
Accuracy (%)
Resource 76.5 58.2
Utilization
(%)

Real-Time Processing Performance

B Conventional

175 Proposed

150 -
125 -

100 -

751
50 4
254
04

Latency Detection Accuracy Resource Utilization

Fig. 4: Comparison of Real-Time Processing
Performance Between Conventional and
Proposed MATLAB Framework.

Analysis

Table 3 and Fig. 4 illustrate the overall
computational performance of the proposed
MATLAB framework. The average processing
latency was reduced from 185 milliseconds to 62
milliseconds,
responses. Data

enabling  faster  analytical
throughput  increased
substantially from 4,500 samples per second to
12,800 samples per second, demonstrating
improved processing capacity for continuous data
streams. Real-time detection accuracy reached
98.1%, significantly outperforming conventional
methods. Furthermore, resource utilization
decreased, indicating efficient computational
management and optimized execution. These
results confirm that the proposed framework
provides a highly effective solution for real-time
signal processing and data analysis applications.

Discussion
The experimental evaluation demonstrates that
the MATLAB framework successfully integrates
data  acquisition,  preprocessing, feature
extraction, analysis, visualization, and storage
within a unified environment. The framework
significantly improves signal quality, enhances
feature extraction accuracy, and reduces
computational  latency  while  supporting
continuous real-time operation. The ability to
process large volumes of streaming data with
high accuracy and low resource consumption
makes the framework suitable for diverse
applications including industrial automation,
biomedical monitoring, communication systems,
environmental sensing, and smart infrastructure
management. The results validate MATLAB as a
powerful platform for developing scalable and
reliable real-time signal processing solutions
capable of meeting modern analytical
requirements.

V. CONCLUSION
This study presented a comprehensive MATLAB
Framework for Signal Processing and Real-Time
Data Analysis that integrates data acquisition,
preprocessing, feature extraction, analytical
processing, visualization, and storage within a
unified computational environment. The
framework was developed to address the growing
need for efficient real-time analysis of dynamic
signals generated from industrial systems,
biomedical devices, environmental monitoring
platforms, and other sensor-based applications.
By leveraging MATLAB’s advanced toolboxes
and computational capabilities, the proposed
framework provides a flexible and scalable
solution for handling complex signal processing
tasks with high accuracy and efficiency.
The experimental results demonstrated that the
framework significantly improves signal quality
through effective noise reduction and filtering
techniques. The signal-to-noise ratio increased
substantially after preprocessing, while feature
extraction methods such as Fast Fourier
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Transform (FFT), wavelet analysis, and statistical
processing achieved high detection accuracy with
low computational overhead. Furthermore, the
real-time analysis engine successfully reduced
processing latency, increased data throughput,
and improved detection accuracy compared with
conventional approaches. These outcomes
confirm the framework’s capability to support
continuous real-time monitoring and rapid
decision-making in data-intensive environments.
Overall, the proposed MATLAB framework
proved to be an effective platform for real-time
signal processing and data analytics. The
integration of advanced analytical algorithms,
efficient computational methods, and interactive
visualization tools enables accurate interpretation
of streaming data while maintaining reliable
system performance. The framework can be
readily adapted to various engineering, scientific,
healthcare, communication, and industrial
applications requiring real-time monitoring and
intelligent analysis. Future enhancements may
incorporate artificial intelligence, deep learning,
cloud computing, and edge-processing
technologies to further improve analytical
capabilities and support next-generation real-time
data processing systems.
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