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DESENVOLVIMENTO DE UM SISTEMA DE ELETROCARDIOGRAFIA PORTATIL
PARA A AQUISICAO E VISUALIZACAO DE SINAIS CARDIACOS
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GRAPHICAL ABSTRACT

DEVELOPMENT OF A PORTABLE ELECTROCARDIOGRAPHY SYSTEM
FOR CARDIAC SIGNAL ACQUISITION AND VISUALIZATION

Paloma Anselmo Rosa, Clara Oliveira de Araujo, Pedro Henrique Lima Nascimento,
Alcimar Barbosa Soares, Sérgio Ricardo de Jesus Oliveira
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Cardigvascular diseases are
one of the leading causes
of morbidity and mortality
worldwide.

There is a need for
accessible and effective
metheods for diagnosis and
continuous monitoring.

Low-cost educational tools
are essential for training
and research in biomedical
engineering.

To develop a portable single-

o’ OBJECTIVE:

lead ECG system for acquisition,
of cardiac signals in a mobila
application for educational
purposes.
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Acquisition R-Peak Detection
Three electrodes positioned - V" Precise identification
according to Einthoven's of R peaks in the
triangle for differential

} ECG signal.
signal acquisition.

Analog Conditioning RR Interval Calculation
Amplification and filtering Determination of time
for noise reduction and intervals between
signal adequacy. heartbeats.

Digital Processing Heart Rate Variability
Microcontroller performs (RMSSD)

multisampling, oversampling
and digital filtering.

Analysis of heart rate
variability using the

RMSSD index.
Transmission
Data sent via Bluetooth User Alerts
Low Energy (BLE). Indication of possible
rhythm abnormalities and
user alerts.
Signal reconstruction, 77
analysis and real-time Procesing enables cmtimous
ViSaLzatoT: meonitoring and real-time
alerts generation.

Electrodes and Acquisition
ifi o Three electrodes (RA, LA and LL)

» Einthoven's configuration

s Differential acquisition

Analog Conditioning

* |nstrumentation amplifiers

+ High-pass and low-pass filters
& |Interference reduction

V)

Digital Processing
* Microcontroller
* Multisampling
* Oversampling
« Digital filtering

* Wireless Communication

+ Bluetooth Low Energy (BLE)
Mobile Application (Android)
= Signal visualization
* Analysis and metrics
& Alerts generation

5. METHODOLOGY 6. RESULTS 7. MAIN CONTRIBUTIONS
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Hardware Design

Development of the acquisition,
conditioning and communication

dircuit.

Firmware Development
Implementation of digital

processing stages on the

microcontroller.

Application Development

Creation of the interface for signal

wvisualization and analysis.

Testing and Validation
Evaluation with simulated
and real signals.

Tests with Simulated Signals o Development of a portable, low-cost system for
° * R-peak detection algorithms with ECG signal acquisition and visualization.
high accuracy
+ BLE communication stable and o Integrated implementation of acquisition, conditioning,
efficient digital processing and wireless communication.
+* Reconstructed signal with
good quality o Android application with automatic R-peak detection,

RR intervals and heart rate variability analysis.

Tests with Real Signals
* Inconclusive results

& Limitations in acquisition and

signal conditioning
+ Need for improvements in
system robustness

IMPACT:
Contributes to academic education and to the
development of accessible technologies

The system shows educational
potential but requires further
enhancements for use in

Educational tool for teaching and research in
biomedical engineering and signal processing.

Base for future improvements and clinical validation.

focused on health.

clinical environments.
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The developed system demonstrates viability as an educational tool
for the study of elect diographic signals and validation of digital
signal processing technigues.

o Despite good performance in tests with simulated signals, validation
with real signals revealed limitations in acquisition and conditioning,
as well as the need to improve system robustness.

* The project represents an important step toward the creation of
accessible and portable solutions for the study and monitoring of
cardiac signals.
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