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Abstract

Artificial Intelligence (Al) and advanced computational tools such as MATLAB have become
essential in biomedical research and clinical practice. Real-time biomedical signal processing
plays a critical role in improving patient monitoring, early diagnosis, and therapeutic interventions.
Biomedical signals such as electrocardiograms (ECG), electroencephalograms (EEG), and
electromyograms (EMG) contain rich diagnostic information, but they are often contaminated by
various sources of noise including power line interference, muscle artifacts, and baseline wander.
Real-time signal processing ensures that physicians and automated systems can interpret these

signals accurately and without delay, enabling prompt medical decisions.
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This paper presents an overview of assisted real-time biomedical signal processing, wherein the
stress is particular on ECG analysis. MATLAB offers an integrated environment with specialty
toolboxes such as Signal Processing Toolbox and DSP System Toolbox, where a researcher can
design, simulate, and implement algorithms in a real-time setting. MATLAB supports fast
prototyping and testing of biomedical systems by the use of heavy filtering techniques and an
active real-time visualization tool. With this case study, the ECG signals are filtered through a
fourth—order Butterworth bandpass filter within the range of (0.5-40 Hz. With baseline drift and
high—frequency noise being filtered out, the focus is so much on the clarity of the QRS complex
and other important features of the ECG waveform. MATLAB allows for the continuous acquisition
of signals, instantaneous signal processing, and coordination with clinical monitoring systems for
displaying both raw and filtered signals. Hence, the results show that good filtering could reduce
false alarms and ensure early detection of arrhythmias, thereby largely improving diagnostic

accuracy and patient safety.

Furthermore, the paper discusses the challenges of deploying MATLAB-based systems in real-
world clinical environments, including computational complexity, integration with medical devices,
and ethical considerations related to patient data. Future directions involve combining real-time
signal processing with machine learning techniques for automated disease classification and

embedding MATLAB models into portable and wearable healthcare devices.

In summary, MATLAB provides a powerful platform for real-time biomedical signal processing,
offering both reliability and flexibility. Its role in advancing healthcare applications is expected to

expand further as computational power, data availability, and clinical demand continue to grow.

Keywords : Artificial Intelligence, MATLAB, Biomedical Signals, Real-Time Processing, ECG,
EEG, Signal Filtering

Introduction

Biomedical signals, such as electromyograms (EMG), electrocardiograms (ECG),
and electroencephalograms (EEG), offer important insights into patients'
physiological conditions. For prompt diagnosis and intervention, these signals must
be processed in real time. Researchers and engineers frequently use MATLAB to
implement biomedical applications because of its Signal Processing Toolbox and
real-time capabilities.

This paper focuses on real-time ECG signal processing using MATLAB. ECG
signals are often corrupted by noise, such as power line interference and baseline

wander, making filtering a vital step. The methodology presented demonstrates how
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MATLAB can filter noisy ECG signals and display results in real time. Additionally,
the paper highlights the significance of real-time processing in improving patient

monitoring and healthcare outcomes.
Background and Related Work

From analog filters to digital signal processing, biomedical signal processing has a
lengthy history of advancement. The use of Al in conjunction with signal processing
to predict disease is one recent development. In ECG denoising, conventional filters
like Butterworth and Chebyshev are frequently utilized. Fast biomedical application
prototyping and testing are made possible by MATLAB's flexible platform, which

combines these methods with visualisation tools..
Methodology
The following steps are part of the methodology:

1. ECG data collection (from sensors or datasets).

2. Preprocessing to remove baseline drift.

3. Application of bandpass filters (0.5-40 Hz) to reduce noise.
4. Real-time visualization of filtered and raw signals.

5. Frequency domain analysis for noise assissent.

Implementation using MATLAB The following MATLAB code is provided to perform

real-time ECG signal filtering with a Butterworth bandpass filter

% Real-Time ECG Signal Processing using MATLAB
fs = 360; % Sampling frequency
Ioad('ecg.mat'); % Example ECG data

Original Noisy ECG Signal

Noisy ECG

Amplitude

0 1 2 3 4 5
Time (s)
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Figure 1: Original Noisy ECG Signal.

% Design Butterworth filter (0.5 - 40 Hz)
[b,a] = butter(4, [0.5 40]/(fs/2), 'bandpass");
% Apply filter to ECG signal

ecg_filtered = filter(b,a,ecg);

% Plot original and filtered signals
subplot(2,1,1);

pIot(ecg);

(‘Original ECG Signal’);
xlabel(*Samples'); ylabel('Amplitude’);

Filtered ECG Signal (0.5-40 Hz)

— Filtered ECG
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0 1 2 3 4 5
Time (s)

Figure 2: Filtered ECG Signal (0.5-40 Hz).

subplot(2,1,2);

plot(ecg_filtered);

(‘Filtered ECG Signal (0.5-40Hz)');
xIabeI('SampIes'); yIabeI('AmpIitude');

Frequency Spectrum of ECG Signal

Noisy ECG Spectrum
Filtered ECG Spectrum
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Figure 3: Frequency Spectrum Before and After Filtering.
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Results and Discussion

The ECG signal's clarity was improved and noise was effectively eliminated by the
MATLAB implementation. Baseline drift and power line interference were reduced in
the filtered signal, improving the QRS complex's ability to be distinguished.
Physicians and monitoring systems can respond swiftly to irregularities thanks to
real-time processing. Although MATLAB is effective for research and prototyping,
deployment on embedded systems may be necessary for future implementations for

real-world hospital use..
Conclusion

The study presented in this paper focuses on the transformative potential of real-
time biomedical signal processing using MATLAB, with a particular focus on
electrocardiogram (ECG) signals. The implementation of a bandpass Butterworth
filter demonstrated that MATLAB can effectively reduce noise, remove baseline drift,
and enhance the visibility of clinically important features such as the P-wave, QRS
complex, and T-wave. These improvements are critical for accurate diagnosis, as
noisy or poorly filtered signals may lead to false alarms, misinterpretations, and

potentially harmful medical decisions.

The findings confirm that MATLAB offers a solid and user—friendly platform to
research and clinical domains for the design, simulation, and implementation of
real-time signal—-processing algorithms. The high—-level programming environment
coupled with visualization tools and specialized toolboxes enables fast prototyping,
which is very important for medical research and for clinical innovation. The same
principles may also be applied to EEG for brain monitoring, EMG for muscle activity

analysis, and others for biosignals used in healthcare, other than ECGs.

The possibility of combining signal processing with artificial intelligence and machine
learning is another significant topic covered in this work.

Future systems might be able to automatically identify irregular rhythms, categorize i
lInesses, and even anticipate medical catastrophes in real time by fusing sophisticat

ed pattern recognition with conventional filtering approaches.

1-2411 ISSN: 3014-6266 1303, (2025 jsads) ¢(37) 23ed ¢(10) saall ZLLAN a5lal) A



Real-Time Signal Processing for Biomedical Applications Using MATLAB --------- Ahmed S. A. Ashit et. al

Wearable technology that rapidly processes data and offers actionable insights can

be used to continuously monitr patients, marking a step toward personalized and pr
eventive treatment.Even with these encouraging results, a number of obstacles still

exist.

While integration with medical devices necessitates adherence to stringent standard
s and regulations, the computing demands of realtime processing may restrict imple
mentation in areas with limited resources.Furthermore, to guarantee the safe and fai
r use of Alpowered biomedical instruments, ethical issues like algorithmic openness

and
patient privacy must be taken into account.

In conclusion, real-time biomedical signal processing with MATLAB has proven to
be both effective and versatile. By enabling accurate, fast, and scalable analysis of
biosignals, it holds the potential to revolutionize healthcare delivery. Future research
should focus on enhancing system efficiency, embedding MATLAB algorithms into
portable and wearable devices, and combining real-time signal processing with Al
for fully automated clinical decision support. With continued interdisciplinary
collaboration, these advancements could lead to improved diagnostics, better patient

outcomes, and a more responsive healthcare system worldwide.
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