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Abstract: This article presents a method for detecting P, QRS, T, and U waves in electrocardiogram
(ECG) signals through advanced signal processing techniques, including a Butterworth bandpass
filter and peak finding algorithms. The results are evaluated against the voltage ranges recommended
in the literature, underscoring the importance of accurate wave detection for the diagnosis of various
cardiac conditions.
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1. Introduction

The electrocardiogram (ECG) serves as a vital tool for monitoring cardiac health and diagnosing
various heart conditions. Accurate detection of ECG waves—specifically P, QRS, T, and U waves—is
crucial for effective analysis and diagnosis. Each wave corresponds to specific electrical activities of the
heart, and their morphology can indicate different cardiac states or abnormalities. This study utilizes
data from Greenwald’s thesis [1] and implements a systematic signal processing method to reliably
identify these waves.

2. Method

The proposed method consists of a systematic approach involving several key steps:

2.1. Signal Filtering

The initial step involves the application of a Butterworth bandpass filter to the ECG signal to
eliminate noise and unwanted frequencies. The transfer function of the Butterworth filter is expressed
as follows:

wi’l

H(s) = ——

() = 5o

where w denotes the cutoff frequency, n is the order of the filter, and s represents the complex
frequency variable.

The filter parameters for the ECG signal are defined as follows:

1)

e  Sampling frequency: 250 Hz, which ensures adequate representation of the ECG signal.
e Low cutoff frequency: 0.5 Hz, facilitating the passage of relevant low-frequency components.
e High cutoff frequency: 50 Hz, restricting high-frequency noise.

The selection of these cutoff frequencies is based on the standard frequency range for ECG signals,
ensuring that critical components of the cardiac cycle are preserved.

2.2. Wave Identification

The identification of P, QRS, T, and U waves is performed through peak detection using the
find_peaks function from the SciPy library. The conditions for detection are based on specific voltage
ranges supported by literature:

Vp € 10.05,0.25] mV (P Waves) [3] ()
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Vors € [0.57,1.46] mV  (QRS Peaks) [3] (3)
Vr € [-0.1,0.5] mV (T Waves) [3] 4)
Vu € [-0.05,0.1] mV (U Waves) [3] )

Peak Detection Equation The peak detection algorithm identifies local maxima in the filtered ECG
signal, mathematically expressed as follows:

if f(x;) > f(x;—1) and f(x;) > f(x;41), then x; is a peak. (6)

Signal-to-Noise Ratio (SNR) The performance of the detection can be quantified using the
Signal-to-Noise Ratio (SNR), defined as follows:

SNR = 101log, (1125) 7)
n

where Ps represents the power of the signal and P, denotes the power of the noise.
Additional Techniques If applicable, additional techniques such as:
1. *Moving Average Filter**:

yln] = x[n— ] ®)

where M indicates the number of samples in the averaging window.
2. *Differentiation** (for QRS detection):

D(x[n]) = x[n] — x[n —1] )
to enhance the steepness of the QRS complex.

3. Results

The results for each segment of ECG signals are evaluated against the specified voltage ranges to
determine the validity of the detected waves. The identified peaks are displayed alongside the filtered
ECG signal for visual verification, which is critical for validating the performance of the detection
algorithm.

£CG Signal - Detected Waves (Segment 8)
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Figure 1. ECG Signal with Detected Waves for Signal 1

ECG Signal - Detected Waves (Segment 1}

Figure 2. ECG Signal with Detected Waves for Signal 2


https://doi.org/10.20944/preprints202410.0273.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 October 2024 d0i:10.20944/preprints202410.0273.v1

30f3

The figures illustrate how the method successfully identifies the relevant waves within the
noise-filtered ECG signal. This visual validation serves as an essential part of the methodology,
ensuring that the algorithm’s performance aligns with clinical expectations.

4. Conclusions

This study demonstrates a systematic approach for detecting ECG waves, ensuring that only
those meeting the criteria established by the literature are reported. The utilization of a Butterworth
bandpass filter effectively reduces noise, and the peak detection methodology accurately identifies key
cardiac features. Future work will focus on enhancing detection accuracy, optimizing the algorithm for
real-time applications, and expanding the method to accommodate a wider variety of ECG signals.
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