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DESCRIPTION

The electrocardiogram, commonly known as Electrocardiogram
(ECG), is one of the most widely used diagnostic tools in
modern healthcare for assessing the electrical activity of the
heart. It provides valuable information about heart rate, thythm
and overall cardiac health. The design of an ECG signal
acquisition system is a fundamental topic in bioinstrumentation,
as it involves capturing weak biological signals from the human
body, processing them accurately and presenting them in a
readable form for clinical interpretation. A well-designed ECG
system ensures reliability, patient safety and accurate diagnosis.

An ECG signal acquisition system begins with the generation of
electrical signals by the heart. These signals are produced due to
the depolarization and repolarization of cardiac muscle fibers
during each heartbeat. The electrical activity spreads through
body tissues and reaches the skin surface, where it can be
detected using electrodes. Since these signals are extremely small
in amplitude, typically in the range of microvolts to millivolts,
the system must be designed carefully to acquire them without
distortion or excessive noise.

Electrodes play a major role in ECG signal acquisition. They act
as the interface between the human body and the electronic
system. Commonly used electrodes include silver silver chloride
electrodes due to their stability and low noise characteristics.
Proper placement of electrodes on the body is essential to obtain
accurate ECG waveforms. Standard electrode configurations
such as limb leads and chest leads are used to capture electrical
activity from different angles of the heart, providing
comprehensive information about cardiac function.

Once the ECG signal is picked up by the electrodes, it is fed into
a signal conditioning circuit. Signal conditioning is one of the
most important stages in the design of an ECG acquisition
system. The raw ECG signal is weak and often contaminated
types of noise, including muscle activity
interference, power line interference and baseline drift caused by
patient respiration. To address this, an
instrumentation amplifier is used as the first stage of
amplification. Instrumentation amplifiers are preferred because
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they offer high input impedance, high common mode rejection
ratio and excellent signal accuracy.

Filtering is another essential part of the signal conditioning
process. Low frequency noise such as baseline wander is removed
using high pass filters, while high frequency noise from muscle
activity and external sources is eliminated using low pass filters.
A notch filter is often included to remove power line
interference at 50 or 60 hertz, depending on the region. These
filters help preserve the important features of the ECG
waveform, such as the P wave, complex and T wave, while
removing unwanted disturbances.

After amplification and filtering, the analog ECG signal is
converted into a digital form using an analog to digital converter.
This step is necessary for digital processing, storage and display.
The resolution and sampling rate of the converter are carefully
selected to ensure accurate representation of the ECG waveform.
A higher sampling rate allows better detection of rapid changes
in the signal, especially in the complex, while sufficient
resolution ensures precise amplitude measurement.

Digital processing units such as microcontrollers or digital signal
processors are used to analyze the acquired ECG signal. These
units can calculate parameters such as heart rate, detect
arrhythmias and identify abnormal patterns automatically. In
modern ECG systems, digital processing also enables data
compression, noise reduction algorithms and wireless
transmission of ECG data to monitoring stations or cloud based
platforms.

Patient safety is a critical consideration in the design of an ECG
signal acquisition system. Electrical isolation techniques are
employed to protect patients from electrical hazards. Isolation
amplifiers and opto isolators ensure that there is no direct
electrical connection between the patient and the main power
supply. Additionally, the system is designed to comply with
medical safety standards to minimize risks during operation.

CONCLUSION

In conclusion, the design of an ECG signal acquisition system is
a multidisciplinary process that integrates biomedical principles
with electronic engineering techniques. From electrode selection
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and signal amplification to filtering, digital conversion and them more compact, efficient and accessible, thereby
safety measures, each stage plays a vital role in ensuring accurate strengthening their importance in modern healthcare
and reliable ECG monitoring. Advances in electronics and diagnostics and patient monitoring.

digital technologies continue to enhance ECG systems, making
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