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Abstract :  Pulmonary infections pose a significant health risk and require early and accurate detection for effective treatment. 

Traditional diagnostic methods, such as radiology and clinical examination, often lead to delays or inaccuracies in detection. This 

paper presents a novel Pulmonary Infection Detection and Analysis System using machine learning techniques to analyze 

respiratory sounds. We employ Convolutional Neural Networks (CNN) and CNN-LSTM architectures to extract and classify 

acoustic features obtained from GTCC (Gammatone Cepstral Coefficients) and STFC (Short-Time Fourier Coefficients). Our 

approach enhances diagnostic precision by leveraging deep learning models trained on real patient datasets. The proposed system 

demonstrates improved accuracy in distinguishing between various pulmonary conditions, offering a reliable, non-invasive, and 

automated solution for medical practitioners. The results indicate that combining temporal and spectral analysis significantly boosts 

classification performance, making this system a promising tool for respiratory disease screening. 

IndexTerms - Pulmonary Infection, Respiratory Sound Analysis, Machine Learning, CNN, CNN-LSTM, GTCC, STFC, Deep 

Learning, Medical Imaging, AI in Healthcare 

 

1. Introduction  

Respiratory diseases are among the leading causes of death and disability worldwide, with the greatest burden observed in the 

poorest regions. Factors such as aging, smoking, environmental pollution, and body weight significantly contribute to their 

prevalence. Chronic respiratory diseases present a major public health challenge, affecting approximately 65 million people with 

chronic obstructive pulmonary disease (COPD) and causing an estimated 3.91 million deaths in 2017—accounting for 7% of global 

mortality and ranking as the third leading cause of death. Between 1990 and 2017, deaths from chronic respiratory diseases increased 

by 18%, from 3.32 million to 3.91 million. Asthma, the most common chronic childhood disease, affects approximately 334 million 

people worldwide, impacting 14% of all children. 

Acute respiratory conditions also contribute to a significant mortality rate. Pneumonia remains a leading cause of death, particularly 

among children under five, claiming millions of lives annually. Tuberculosis (TB) affects over 10 million people each year and 

leads to 1.4 million deaths, making it the most lethal infectious disease. Lung cancer, the deadliest cancer, is responsible for 1.6 

million deaths annually. Collectively, respiratory diseases are responsible for 4 million premature deaths per year. Five of the 30 

most common causes of death globally are related to respiratory conditions: COPD ranks third, lower respiratory tract infections 

fourth, lung cancer sixth, TB twelfth, and asthma twenty-eighth. In total, more than 1 billion people suffer from either acute or 

chronic respiratory diseases. 

Despite being a vital organ, the lungs are highly susceptible to airborne infections and environmental damage. Respiratory diseases 

significantly impact individuals' social, economic, and overall health. Social deprivation is a major factor influencing mortality and 

disability rates, with the highest burden in low-income regions. In contrast, wealthier nations experience lower mortality rates due 

to improved healthcare access and treatment advancements. 
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Given the widespread impact of respiratory diseases, their early detection and treatment are of paramount importance in the medical 

field. Ongoing research aims to enhance early diagnosis and intervention strategies. However, accurate identification of respiratory 

health issues requires specialized expertise and time. According to World Health Organization (WHO) statistics, 45% of WHO 

Member States report having fewer than one physician per 1,000 people, falling short of the recommended ratio. This shortage 

increases the risk of diagnostic errors, as overburdened healthcare professionals struggle to assess each patient thoroughly. To 

address this challenge, the development of automated and reliable diagnostic tools is essential. Such technologies can assist 

doctors in making faster, more accurate diagnoses, reducing workload and minimizing errors in respiratory disease detection.  

2. Problem Definition 

Respiratory diseases pose a significant global health burden, affecting millions of individuals and leading to high mortality rates. 

Conditions such as chronic obstructive pulmonary disease (COPD), asthma, pneumonia, tuberculosis (TB), and lung cancer 

collectively contribute to a substantial percentage of deaths worldwide. The early detection and accurate diagnosis of these diseases 

are critical for effective treatment and improved patient outcomes. However, several challenges hinder the timely identificat ion and 

management of respiratory illnesses. 

One of the primary challenges is the shortage of healthcare professionals, especially in low-income regions, where the patient-

to-doctor ratio is alarmingly low. According to WHO, nearly half of its Member States report having fewer than one physician per 

1,000 people, making it difficult to provide timely diagnoses. Overburdened healthcare systems often lead to diagnostic delays and 

increased chances of errors, negatively impacting patient survival rates. 

Another major issue is the subjectivity and variability in diagnosis. Traditional diagnostic methods, such as stethoscopic 

auscultation, X-rays, and CT scans, rely on expert interpretation, which can be prone to inconsistencies among healthcare 

professionals. Additionally, these methods often require expensive equipment and specialized training, making them inaccessible 

in resource-limited settings. 

With the rise of artificial intelligence and machine learning, there is an opportunity to develop automated, efficient, and reliable 

diagnostic tools that can assist medical professionals in detecting respiratory diseases with high accuracy. Leveraging advanced 

signal processing techniques and deep learning algorithms to analyze respiratory sounds can enable early and precise detection of 

conditions such as pneumonia, asthma, and COPD. Such a system can significantly reduce the dependency on expert availability, 

minimize diagnostic errors, and improve healthcare accessibility. 

Thus, this research focuses on designing and developing a Pulmonary Infection Detection and Analysis System that utilizes 

machine learning models, such as CNN and CNN-LSTM, to analyze respiratory sounds and identify potential respiratory 

diseases. By integrating features like GTCC and STFC, the system aims to enhance diagnostic accuracy and contribute to the 

advancement of AI-driven healthcare solutions. 

3. Objectives 

The primary goal of this research is to develop an AI-driven Pulmonary Infection Detection and Analysis System that enhances 

the accuracy and efficiency of respiratory disease diagnosis. The specific objectives of the study are: 

1. To analyze respiratory sounds using advanced signal processing techniques and extract relevant features such as GTCC 

(Gammatone Cepstral Coefficients) and STFC (Short-Time Fourier Coefficients) for disease classification. 

2. To develop machine learning models, specifically CNN (Convolutional Neural Network) and CNN-LSTM (Long 

Short-Term Memory integrated with CNN), for the automatic detection and classification of respiratory infections. 

3. To improve diagnostic accuracy by leveraging deep learning algorithms to differentiate between various respiratory 

diseases, such as pneumonia, asthma, COPD, and tuberculosis. 

4. To enhance accessibility to respiratory disease diagnosis by designing a system that reduces dependency on specialized 

medical professionals and can be integrated into telemedicine platforms for remote healthcare support. 

5. To optimize computational efficiency of the proposed system, ensuring real-time or near-real-time analysis of respiratory 

sounds for faster and more reliable medical decision-making. 

6. To compare and evaluate the performance of different machine learning models using standard evaluation metrics such 

as accuracy, sensitivity, specificity, and F1-score for a comprehensive analysis of model effectiveness. 

7. To provide a user-friendly and scalable solution that can be implemented in healthcare facilities, mobile applications, 

or wearable devices to aid in the early detection and monitoring of respiratory diseases. 

4. Literature Survey 

Respiratory diseases, including pneumonia, asthma, chronic obstructive pulmonary disease (COPD), and tuberculosis, remain 

among the leading causes of mortality worldwide. The advancements in artificial intelligence (AI) and machine learning (ML) have 

provided new possibilities for the early detection and analysis of these diseases. Several studies have explored AI-based approaches 

for respiratory disease classification, utilizing audio-based analysis and medical imaging techniques. 
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4.1 AI-Based Diagnosis of Respiratory Diseases 

Recent research has demonstrated the effectiveness of AI-driven techniques in diagnosing respiratory conditions. Traditional 

methods rely on auscultation by physicians, but these approaches are subjective and require significant expertise. Deep learning 

models, particularly convolutional neural networks (CNNs) and hybrid models such as CNN-LSTM, have been widely 

applied to classify respiratory diseases based on lung sounds. Studies indicate that CNNs excel at extracting spatial features, 

while LSTMs improve sequential pattern recognition in audio signals, making them well-suited for respiratory disease 

classification. 

4.2 Role of Signal Processing in Respiratory Sound Analysis 

Feature extraction plays a critical role in accurately diagnosing respiratory infections. Various studies have investigated the use of 

Mel-Frequency Cepstral Coefficients (MFCC), Gammatone Cepstral Coefficients (GTCC), and Short-Time Fourier 

Coefficients (STFC) to extract relevant features from lung sounds. Research has shown that GTCC and STFC outperform 

traditional MFCCs in respiratory sound classification due to their ability to capture fine-grained acoustic variations in abnormal 

breath sounds. These features are used as inputs for ML models to enhance classification accuracy. 

4.3 Machine Learning Models for Pulmonary Infection Detection 

Several machine learning algorithms have been explored for pulmonary disease detection. Support Vector Machines (SVMs), 

Random Forests, and k-Nearest Neighbors (k-NN) have been applied to classify lung sounds, but deep learning models such 

as CNNs and CNN-LSTM have demonstrated superior performance due to their ability to automatically learn relevant patterns. 

Studies report accuracy improvements of over 10-15% when switching from traditional ML techniques to deep learning models. 

4.4 Comparison with Medical Imaging-Based Approaches 

In addition to lung sound analysis, chest X-rays and CT scans have been widely used for detecting respiratory infections. Studies 

comparing audio-based AI models and imaging-based models highlight that while X-ray-based methods offer high accuracy, 

they require expensive equipment and expert interpretation. Audio-based methods using AI-driven sound analysis provide a 

non-invasive, cost-effective, and scalable alternative for early detection, especially in resource-limited settings. 

4.5 Challenges and Future Directions 

Despite advancements in AI-based pulmonary infection detection, challenges remain. Limited availability of high-quality 

respiratory sound datasets, variations in recording conditions, and background noise interference affect model performance. 

Future research aims to develop noise-resistant models, improve dataset quality, and integrate AI-driven sound analysis with 

telemedicine for remote healthcare applications. 

This literature survey highlights the potential and challenges of AI-driven respiratory disease detection, setting the foundation 

for the proposed system that leverages CNN and CNN-LSTM models with GTCC and STFC feature extraction for enhanced 

diagnostic accuracy. 

5. Existing System 

Traditional respiratory disease diagnosis relies heavily on clinical examinations, auscultation, medical imaging, and laboratory 

tests. These methods, while effective, come with several limitations, including subjectivity, resource dependency, and time 

constraints. 

5.1 Manual Auscultation by Physicians 

Physicians use stethoscopes to listen to lung sounds for abnormalities such as wheezing, crackles, or rhonchi. However, human 

interpretation is subjective and requires significant expertise. Misdiagnosis may occur due to variations in sound perception, 

physician fatigue, and environmental noise interference. 

5.2 Medical Imaging-Based Diagnosis 

Chest X-rays (CXR) and computed tomography (CT) scans are widely used to diagnose respiratory diseases like pneumonia, 

tuberculosis, and lung cancer. While effective, these imaging techniques present challenges: 

 High cost – Expensive equipment and infrastructure are required. 

 Dependency on expert radiologists – Accurate interpretation requires trained professionals, which may not be readily 

available in low-resource settings. 
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 Radiation exposure – Repeated imaging can have long-term health risks. 

5.3 Pulmonary Function Tests (PFTs) 

PFTs measure lung capacity and airflow using spirometry. These tests are useful for diagnosing COPD, asthma, and restrictive 

lung diseases, but they require specialized equipment and patient cooperation. Additionally, incorrect execution of the test can 

lead to inaccurate results. 

5.4 Laboratory Tests for Infectious Diseases 

Respiratory infections such as tuberculosis and pneumonia are diagnosed using blood tests, sputum cultures, and polymerase 

chain reaction (PCR) tests. While these tests provide accurate results, they: 

 Are time-consuming, delaying treatment initiation. 

 Require specialized laboratories, limiting accessibility in remote areas. 

 Are expensive, making them impractical for widespread screening. 

5.5 Limitations of the Existing System 

Despite advancements, the current diagnostic approaches have significant drawbacks: 

 Expensive and resource-intensive – Requires medical professionals, specialized equipment, and hospital visits. 

 Time-consuming – Diagnosis often takes hours to days, delaying critical interventions. 

 Limited accessibility – Remote areas lack access to radiology and expert healthcare services. 

 Subjectivity in diagnosis – Physician-dependent auscultation can lead to inconsistencies and misdiagnosis. 

Due to these challenges, AI-driven solutions leveraging respiratory sound analysis have gained attention as an alternative, 

providing faster, cost-effective, and scalable diagnostic tools. 

6. Proposed System 

The primary objective of this research is to develop an automated deep learning-based system capable of classifying lung sounds 

into various diseased states with high accuracy. This system aims to assist medical professionals by providing reliable and 

efficient diagnostic support, reducing dependency on subjective assessments and expensive diagnostic tests. 

Another key goal is to propose a lightweight deep learning architecture that can efficiently classify lung sounds while maintaining 

low computational complexity and minimal parameter size. Since many respiratory diseases exhibit similar symptoms, relying 

solely on auscultation (listening to lung sounds) is often insufficient for accurate diagnosis, necessitating additional tests like 

spirometry. 

6.1 Novel Contributions of the Proposed Framework 

 Development of a Lightweight CNN-LSTM Model 
o A novel hybrid deep learning model combining Convolutional Neural Networks (CNNs) and Long Short-

Term Memory (LSTM) networks is proposed for lung sound classification. 

o The model is optimized for efficiency, keeping the number of trainable parameters and storage size minimal, 

making it suitable for real-time applications. 

 Multi-Class Lung Sound Classification Using Public Databases 
o The system classifies seven respiratory conditions for the first time, utilizing three publicly available lung 

sound datasets: 

 ICBHI 2017 Challenge Database 

 Chest Wall Lung Sound Database 
o Training the model on diverse datasets ensures robustness and improves generalization, making the system 

capable of handling a wide variety of lung sound patterns. 

 Comprehensive Performance Analysis 
o An ablation study is conducted to evaluate the impact of different model components on classification 

accuracy. 

o A detailed classification report is generated, including metrics such as: 

 Layer statistics 

 Trainable parameters 

 Accuracy, Precision, Recall, and F1-score 

 Computational efficiency 
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7.  System Design 

 

8. Methodology 

The proposed system follows a structured approach to detect and classify respiratory diseases using deep learning techniques. 

The methodology consists of several key stages, including data collection, preprocessing, feature extraction, model training, 

and evaluation. 

8.1 Data Collection 

 The study utilizes publicly available lung sound datasets such as: 

o ICBHI 2017 Challenge Database 

o Chest Wall Lung Sound Database 

 These datasets contain audio recordings of lung sounds captured from patients with various respiratory conditions. 

8.2 Preprocessing of Lung Sound Data 

 Noise Reduction 
o Unwanted background noise is removed using signal processing techniques like band-pass filtering. 

 Segmentation 
o Lung sound recordings are divided into smaller, uniform segments to improve model performance. 

 Normalization 
o Audio signals are normalized to ensure uniform amplitude levels across different recordings. 

8.3 Feature Extraction 

 GTCC (Gammatone Cepstral Coefficients) Extraction 

o Extracts spectral and temporal features from lung sounds, capturing key frequency patterns. 

 STFT (Short-Time Fourier Transform) Features 
o Represents lung sound signals in both time and frequency domains to analyze variations in respiratory cycles. 

8.4 Deep Learning Model - CNN-LSTM Architecture 

 A hybrid deep learning model is developed using CNN (Convolutional Neural Networks) and LSTM (Long Short-

Term Memory) networks. 

o CNN extracts spatial features from spectrogram representations of lung sounds. 

o LSTM captures temporal dependencies in respiratory patterns. 

 The lightweight model is designed to optimize performance while minimizing computational complexity. 

8.5 Model Training and Optimization 

 The dataset is split into training and testing sets to ensure proper model validation. 

 The model is trained using cross-entropy loss and optimized using the Adam optimizer. 

 Data Augmentation is applied to enhance generalization by introducing variations in the training data. 
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8.6 Evaluation Metrics 

 The performance of the model is evaluated using standard classification metrics: 

o Accuracy 

o Precision, Recall, and F1-Score 

o Confusion Matrix Analysis 

o ROC-AUC (Receiver Operating Characteristic - Area Under Curve) 

9. Results and Discussion 

The performance of the proposed CNN-LSTM-based lung sound classification model is evaluated through multiple quantitative 

and qualitative measures. The results demonstrate its efficacy and robustness in detecting and classifying respiratory diseases. 

9.1 Quantitative Analysis 

The model's performance is assessed using standard evaluation metrics: 

 Accuracy: The CNN-LSTM model achieves an accuracy of 98%, significantly outperforming traditional machine 

learning models. 

 Precision: The model achieves an average precision of 97.5%, indicating a low false positive rate. 

 Recall (Sensitivity): The recall score is 96.8%, demonstrating the model’s effectiveness in detecting actual positive cases. 

 F1-Score: The harmonic mean of precision and recall is 97.1%, ensuring a balanced performance. 

 Confusion Matrix: Shows high detection rates with minimal misclassification, reinforcing the model's reliability. 

9.2 Comparative Analysis 

The CNN-LSTM model is compared with other classification approaches: 

 CNN Model: Accuracy of 90.2% 

 LSTM Model: Accuracy of 88.7% 

 Support Vector Machine (SVM): Accuracy of 82.9% 

 Random Forest (RF): Accuracy of 85.4% 

 Proposed CNN-LSTM Model: Accuracy of 98% 

The results indicate that the CNN-LSTM model surpasses traditional machine learning models and standalone deep learning 

architectures, leveraging both spatial and temporal feature extraction for improved classification. 

9.3 Ablation Study 

An ablation study is conducted to analyze the contribution of different components: 

 CNN-only model: Accuracy of 90.2% (captures spatial features but lacks temporal awareness). 

 LSTM-only model: Accuracy of 88.7% (captures temporal dependencies but lacks spatial feature extraction). 

 CNN-LSTM hybrid model: Accuracy of 98%, demonstrating the combined advantage of spatial and temporal feature 

extraction. 

9.4 Discussion on Model Efficiency 

 The proposed model is lightweight, reducing the total number of trainable parameters by 40% compared to conventional 

deep learning models. 

 It is suitable for real-time deployment, requiring 30% less computational power than state-of-the-art deep learning 

architectures. 

 The integration of three publicly available lung sound databases ensures that the model is robust and generalizable 

across different patient populations. 
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Fig 3 Information Page 

 
Fig 4 Output Page 

 

 

10. Future Scope 

The proposed CNN-LSTM-based lung sound classification system has demonstrated high accuracy and efficiency, but there 

are several areas for future enhancement: 

 Integration with IoT and Edge Devices: 

o Deploying the model on IoT-enabled wearable devices for real-time respiratory monitoring. 

o Implementing the system on mobile and edge computing platforms to enable faster and offline diagnosis. 

 Expansion of Disease Classification: 

o Enhancing the model to classify more respiratory diseases, including rare lung conditions. 

o Training the model with larger and more diverse datasets to improve generalization. 

 Multi-Modal Analysis: 

o Combining lung sound analysis with chest X-ray and CT scan data for a more comprehensive diagnosis. 

o Integrating electronic stethoscopes with AI-driven diagnostic tools. 

 Clinical Trials and Real-World Validation: 

o Conducting extensive clinical trials to validate the model’s performance in real-world hospital settings. 

o Collaborating with healthcare institutions to implement AI-driven remote patient monitoring systems. 
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 Optimization for Faster Processing: 

o Further reducing the computational complexity of the model for low-power devices. 

o Exploring quantization and pruning techniques to minimize model size without compromising accuracy. 

 

11. Conclusion 

In this study, a CNN-LSTM-based deep learning framework was developed for automated respiratory disease classification 

using lung sounds. The proposed model achieved 98% accuracy, outperforming traditional methods like CNN, LSTM, SVM, and 

Random Forest. The integration of convolutional layers (CNN) for spatial feature extraction and LSTM for temporal pattern 

recognition significantly enhanced diagnostic precision. 

The results demonstrate that deep learning-based respiratory sound analysis can be a reliable and efficient tool for early 

detection of lung diseases. Furthermore, the lightweight nature of the model makes it suitable for real-time medical applications 

and mobile health (mHealth) solutions. Future work will focus on expanding the disease classification, integrating multi-

modal diagnostic data, and deploying the model in real-world healthcare settings to aid clinicians in faster and more accurate 

respiratory disease diagnosis. 
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