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Abstract

Heart diseases are among the leading causes of mortality worldwide, and their timely diagnosis
plays a crucial role in preventing adverse clinical outcomes. Given the large volume of medical
data and the diversity of clinical indicators, intelligent methods based on deep learning can
significantly improve diagnostic accuracy and efficiency. In this study, a biomedical engineering
framework is proposed that integrates deep learning architectures with the Particle Swarm
Optimization (PSO) algorithm to identify the most informative heart-disease features and enhance
the performance of classification systems. In the first stage, PSO was employed to select an
optimal subset from 141 medical features to reduce data dimensionality and eliminate redundant
information. Subsequently, various deep learning models—including CNN, LSTM, GRU,
BiLSTM, and BiGRU—were utilized to classify four types of heart diseases using a dataset
comprising 800 patient records. The results indicate that combining bidirectional models (such as
BiLSTM and BiGRU) with CNN vyields superior performance, achieving accuracy and F1-scores
in the range of 91% to 96%. This hybrid framework demonstrates strong potential as an effective
engineering tool for analyzing real clinical data, supporting physician decision-making, and
improving intelligent diagnostic systems in the field of biomedical engineering.
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1. spatial patterns
2. temporal patterns
3. bidirectional dependencies
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1. Input cardiac clinical dataset (800 samples, 141 features)
2. Preprocessing:

2.1. Clean missing and invalid values

2.2. Normalize all features (Min—Max scaling)

2.3. Encode categorical features

2.4. Split data into train/validation/test
3. Correlation & Filtering:

Remove highly correlated or low-variance features (initial reduction)
4. Feature Selection using PSO:

4.1. Initialize particle swarm (binary feature vectors)

4.2. Evaluate each particle using a fast classifier

4.3. Update pBest and gBest

4.4. Select optimal subset of features
5. Deep Learning Feature Extraction & Classification:

5.1. CNN: learn local cross-feature patterns

5.2. LSTM: learn sequential dependencies

5.3. GRU: lightweight temporal modeling

5.4. BiLSTM & BiGRU: bidirectional long-range feature learning
6. Model Training:

Train each model using selected features and validation monitoring
7. Ensemble Decision Fusion:

Combine model outputs using weighted averaging (ensemble)
8. Output:

Final cardiac disease prediction (class label + probability)
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