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Abstract: This paper presents a comprehensive system for converting and analyzing Electromagnetic Cardiac
Interference (EMC) signals into high-quality Electrocardiogram (ECG) signals. We introduce a multi-stage
approach incorporating advanced preprocessing, adaptive filtering, robust QRS complex detection, and signal
quality analysis. The proposed methodology demonstrates high efficiency in noise and artifact removal while
preserving essential cardiac morphological features. Our system achieves a signal-to-noise ratio improvement
of up to 20 dB and maintains QRS detection accuracy above 99% in normal conditions. The implemented
solution provides automated documentation and quality metrics, making it suitable for both clinical and research

applications.
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1. Introduction

Electrocardiogram (ECG) signal analysis is crucial for cardiac diagnosis and monitoring. However,
electromagnetic interference often corrupts these signals during acquisition. This work presents a
novel computational approach to converting EMC signals into high-quality ECG signals through
advanced digital signal processing techniques. The proposed system implements a complete pipeline
from signal acquisition to quality assessment, providing automated documentation of the results.

2. System Architecture

2.1. Overview
The system consists of four main components:
¢ Signal preprocessing and cleaning
* Multi-stage digital filtering
* QRS complex detection
* Quality assessment and documentation
2.2. System Model

The proposed system implements a multi-stage processing pipeline that can be described by the
following mathematical model:

y(n) = F{P[x(n)]} * h(n) ey

where x(n) is the input EMC signal, P represents the preprocessing operations, F denotes the
filtering stages, and hi(n) is the system’s impulse response.

3. Methodology

3.1. Signal Preprocessing

The preprocessing stage includes denoising and baseline removal:
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where (1) is the windowed mean and ¢y (n) are trend components.
Key preprocessing steps include:

Invalid value removal and interpolation

Trend removal using linear detrending

Outlier detection and removal using Hampel filter
Segment-wise normalization with overlap

3.2. Digital Filtering

We implement a cascade of Butterworth filters:

Noy2 p\i) ,—k
i=11+Y ), qa,z

The filtering process includes:

Low-pass filter (40 Hz cutoff)

High-pass filter (0.5 Hz cutoff)

Notch filters for 50/60 Hz interference
Bandpass filter optimized for ECG (5-30 Hz)

3.3. QRS Detection Algorithm
The QRS detection process follows a modified Pan-Tompkins algorithm:

4
Yaer(n) = Y Iyx(n — k) (4)
k=0
]/sq(”) = [yder(”)]z 5)
1 N-1
Ymawi(n) = N Z Ysq(n —k) (6)
k=0

where N is determined by the QRS duration.
3.4. Adaptive Thresholding
The adaptive threshold is computed as:
f(n) =a-SPKI(n—1)+ (1 —a) - NPKI(n —1) )
where SPKI and NPKI are signal and noise peak indices, respectively.

4. Quality Assessment

4.1. Signal-to-Noise Ratio
The SNR is calculated using:

Uszignal
(%

noise
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4.2. RR Interval Analysis

RR variability is assessed using:
CVirg = 2BR 5 100% )
HMRR

4.3. Quality Metrics
The system calculates several quality metrics:
¢ Baseline variation
¢ Signal continuity

* Morphological consistency
¢ Heart rate variability

5. Implementation

Algorithm 1 EMC to ECG Conversion Pipeline

Initialize system parameters

Load EMC signal x(n)

Apply preprocessing filters

Perform multi-stage filtering

Detect QRS complexes

Calculate quality metrics

Generate PDF documentation

return Processed ECG signal, metrics, documentation

6. Results

6.1. Performance Metrics

System performance was evaluated using standard metrics:

Table 1. System Performance Metrics

Metric Value
SNR Improvement 20 dB
QRS Detection Sensitivity 99.2%
QRS Detection Precision 99.5%
Processing Time < 100ms/s

6.2. Computational Analysis

The system’s computational complexity is:

* Preprocessing: O(nlogn)
Filtering: O(n)

QRS Detection: O(n)
Quality Analysis: O(n)

where 7 is the signal length.

7. Discussion

The proposed system demonstrates several advantages:

e Robust noise removal
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High accuracy in QRS detection
Comprehensive quality assessment
Automated documentation
Real-time processing capability

Key limitations and challenges include:

® Processing of extremely noisy signals
¢ Handling of rare arrhythmias
¢ Computational requirements for long recordings

8. Conclusions

We presented a comprehensive solution for EMC to ECG signal conversion that achieves high
accuracy and reliability. The system successfully handles various types of interference while main-
taining signal morphology. The automated quality assessment and documentation features make it
particularly suitable for both clinical and research applications.

9. Future Work

Planned improvements include:

Advanced arrhythmia detection capabilities
Machine learning integration for pattern recognition
Real-time mobile implementation

Multi-lead analysis support

Enhanced noise reduction techniques
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