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Abstract: This paper presents a method for filtering and extracting noise from ECG signals using a Butterworth

filter. The aim is to enhance signal quality, enabling more accurate analysis in biomedical contexts, particularly in

arrhythmia detection and other cardiac assessments.
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1. Introduction

Electrocardiography (ECG) is essential for monitoring the heart’s electrical activity. Accurate
interpretation of ECG signals is critical in diagnosing various cardiac conditions. However, these sig-
nals are often contaminated with noise from multiple sources, including electromagnetic interference,
motion artifacts, and electronic device interference. Such noise can obscure important features of the
ECG waveform, leading to misdiagnosis or missed detections. This study employs a Butterworth
low-pass filter to remove high-frequency noise while preserving the integrity of the ECG signals.

2. Methods

2.1. Data Acquisition

ECG data were obtained from a specific database, containing two signals. Each signal was
segmented into parts of 2500 samples, corresponding to 10 seconds. The dataset used is from the thesis
by Greenwald SD, titled "Development and analysis of a ventricular fibrillation detector," M.S. thesis,
MIT Dept. of Electrical Engineering and Computer Science, 1986.

2.2. Filtering

A low-pass Butterworth filter was applied to the signals. As defined in the frequency domain, the
transfer function H(s) of an n-th order Butterworth filter can be expressed as:

H(s) =
1

1 +
(

s
ωc

)2n (1)

where ωc is the cutoff frequency (in radians per second) and s is the complex variable. The cutoff
frequency ωc is related to the cutoff frequency in Hertz fc by:

ωc = 2π fc (2)

The filter coefficients b and a are calculated using the ‘butter‘ function from the SciPy library, and
the filtered output is obtained using the ‘filtfilt‘ function.

The filter parameters are as follows:

• Sampling frequency ( fs): 250 Hz
• Cutoff frequency: 50 Hz
• Filter order: 4

The cutoff frequency was chosen based on the typical frequency range of heart signals, which
generally lie below 50 Hz. Frequencies higher than this are predominantly noise and can interfere with
the accurate detection of cardiac events.
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2.3. Noise Extraction

Noise was extracted by subtracting the filtered signal from the original signal. This approach
allows for the identification of unwanted components that were removed during the filtering process,
providing insights into the nature and characteristics of the noise present in the ECG signals.

3. Results

The results were plotted in graphs showing the original signal, the filtered signal, and the extracted
noise for both ECG signals. Below are examples of the generated graphs.

(a) ECG Signal 1 - Original (b) ECG Signal 1 - Filtered

(c) Extracted Noise - ECG Signal 1

Figure 1: Filtering Results for ECG Signal 1

4 Conclusion

The application of the Butterworth filter proved effective in removing noise
from ECG signals, significantly improving signal clarity. The results indicate
that such filtering techniques are crucial for enhancing the reliability of ECG
analyses, thereby facilitating more accurate diagnoses in clinical settings. Future
work may explore adaptive filtering methods that can dynamically adjust to
varying noise conditions in real-time.
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Figure 1. Filtering Results for ECG Signal 1

4. Conclusion

The application of the Butterworth filter proved effective in removing noise from ECG signals,
significantly improving signal clarity. The results indicate that such filtering techniques are crucial
for enhancing the reliability of ECG analyses, thereby facilitating more accurate diagnoses in clinical
settings. Future work may explore adaptive filtering methods that can dynamically adjust to varying
noise conditions in real-time.
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