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Abstract

Lung diseases, such as pneumonia, significantly affect the respiratory system, especially the lungs. This condition causes various degrees of lung
damage in patients of all age groups, including the elderly, adults, and children. Even after treatment and recovery, diagnosing lung damage
remains important, which can be done using rapid tests, clinical evaluations, CT scans, or X-rays. This study focuses on the classification of X-
ray images of lungs affected by pneumonia and normal lungs, using the Convolutional Neural Network method based on Compressive Sensing
(CS) simulated using MatLab. The purpose of the study is to determine the performance by calculating the confusion matrix value. The number
of datasets used for normal lungs and those affected by pneumonia is 300 X-ray images from several different sources, with 60% training data,
30% validation, and 10% testing. The addition of the compression process causes a decrease in image quality, expressed in PSNR, as well as a
decrease in classification parameters such as accuracy. Compared with previous research, the system without compression produces the highest
accuracy. The results of the study can help classify lungs affected by pneumonia.
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1. Introduction

Lung infections, such as pneumonia, present significant health challenges that can severely impact the human
respiratory system. These infections may lead to conditions like lung fibrosis and acute respiratory distress syndrome
(ARDS), resulting in reduced lung capacity and difficulty breathing. Pneumonia, in particular, causes inflammation
and fluid buildup in the alveoli, leading to shortness of breath, persistent cough, and long-term respiratory issues. Early
detection and monitoring are crucial for preventing further complications and improving recovery [1], [2].

Numerous studies have been conducted to detect abnormalities in chest X-rays using Machine and Deep Learning
techniques [3], [4]. In [5], pneumonia was detected based on X-ray images using the Deep Residual Network with the
Resnet50 method, achieving an accuracy of 99%, precision of 98%, recall of 95%, and an F1-score of 97%. Another
study applied the Deep Learning Transfer Model with an Ensemble Method, resulting in medical image classification
with an accuracy of 98%, precision of 98.66%, and an F1-score of 98.30% [6]. Research concluded that the best
performance in CT scan image classification of lung diseases was obtained by extracting features using GLCM,
GLSZM, and DWT methods, achieving classification accuracy exceeding 90% with 10-fold cross-validation [7].
Similarly, pneumonia detection using chest X-ray images with the Resnet 101 method achieved image classification
accuracy of 99.4%, precision of 98.7%, recall of 99.2%, and an F1-score of 99% [8]. CNN hyperparameter tuning was
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applied in detecting lung infections from X-rays and CT scans, resulting in accuracy, precision, recall, and F1-scores
of over 94% [9]. Furthermore, segmentation and classification techniques were combined using the Deep Residual U-
Net (DrU-Net) architecture for lung disease detection [10]. Another approach involved deep feature extraction using
CNN and feature detection with long short-term memory (LSTM) to automatically diagnose lung infections from 4575
X-ray images [11].

In this study, we detect lung infections based on chest X-ray images. This early detection system is essential for
preventing severe impacts on the lungs caused by infections. Our research combines Compressive Sensing (CS)
techniques to reduce file sizes [12] and Convolutional Neural Networks (CNN) to classify lung conditions. The CS
method utilizes the DCT algorithm as a sparsifying technique, random Gaussian as a measurement matrix, and the
OMP algorithm for reconstruction [13], [14]. This study uses CNN with the AlexNet architecture.

Supporting Sustainable Development Goal (SDG) 3, which focuses on ensuring healthy lives and promoting well-
being for all ages, involves leveraging technological advancements to improve health outcomes. This study contributes
to SDG 3 by integrating advanced machine learning techniques to develop diagnostic tools for medical professionals
and students. By simulating these methods using MATLAB, the study advances medical imaging analysis and provides
a valuable resource for enhancing diagnostic capabilities. By aligning with SDG 3, this research improves healthcare
quality by offering practical applications of theoretical knowledge, fostering better understanding and innovation.
Ultimately, this contributes to building a knowledgeable and skilled healthcare workforce capable of addressing current
and future health challenges [15].

2. Literature Review

Lung infections, particularly pneumonia, represent a significant health burden worldwide. These infections
can lead to severe complications such as lung fibrosis and acute respiratory distress syndrome (ARDS), which impair
lung function and reduce respiratory capacity. The inflammation and fluid accumulation in the alveoli caused by
pneumonia result in symptoms like shortness of breath, persistent cough, and long-term respiratory complications.
Therefore, early detection and continuous monitoring of lung infections are essential to mitigate severe outcomes and
promote effective recovery [16], [17].

Advancements in Machine Learning (ML) and Deep Learning (DL) have significantly improved the capability to detect
and diagnose lung conditions from medical images. Research has shown that ML and DL techniques can effectively
identify abnormalities in chest X-rays and CT scans, making them valuable tools for early diagnosis. For instance, a
study using the Resnet50 deep residual network method successfully detected pneumonia from X-ray images, achieving
high accuracy and precision, thus demonstrating the potential of DL for reliable diagnosis [18]. Another approach
utilized an ensemble method with deep learning transfer models, achieving robust classification accuracy and precision,
further underscoring the benefits of advanced machine learning algorithms in medical diagnostics [19].

In addition to X-ray analysis, feature extraction methods have been developed to enhance the classification of lung
diseases using CT scan images. Techniques such as Gray-Level Co-occurrence Matrix (GLCM), Gray-Level Size Zone
Matrix (GLSZM), and Discrete Wavelet Transform (DWT) have been employed to improve feature extraction,
resulting in classification accuracy above 90% with rigorous cross-validation methods [20]. Similarly, Resnet 101 has
been used for pneumonia detection, achieving near-perfect classification accuracy, precision, and recall, which
highlights the effectiveness of DL in medical image processing [21].

Moreover, studies have focused on optimizing neural networks through hyperparameter tuning to further improve
diagnostic accuracy. For example, the application of Convolutional Neural Networks (CNN) in detecting lung
infections from X-rays and CT scans has demonstrated performance metrics with accuracy, precision, recall, and F1-
scores consistently exceeding 94% [22]. Additionally, segmentation and classification were combined using the Deep
Residual U-Net (DrU-Net) architecture to enhance lung disease detection, which provides a comprehensive solution
for segmenting infected areas and classifying diseases [23].

Some researchers have also integrated feature extraction with temporal sequence models such as long short-term
memory (LSTM) to diagnose lung infections. This approach has been used to analyze a dataset of thousands of X-ray
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images, successfully extracting features and diagnosing lung conditions automatically [24]. This integration
demonstrates the potential of combining DL models for both feature extraction and pattern recognition in the diagnosis
of complex diseases.

Apart from classification and feature extraction, Compressive Sensing (CS) techniques have been explored to reduce
the file sizes of medical images without sacrificing diagnostic quality. By employing the Discrete Cosine Transform
(DCT) algorithm as a sparsifying technique along with random Gaussian measurement matrices and Orthogonal
Matching Pursuit (OMP) for reconstruction, researchers have managed to compress medical images effectively, thus
facilitating faster data processing and analysis [18], [19].

Overall, the integration of advanced ML and DL techniques in diagnostic systems has shown great promise in
improving the detection and management of lung infections. By combining various approaches, including
segmentation, classification, feature extraction, and data compression, these technologies provide comprehensive
solutions for early diagnosis, supporting the objectives of Sustainable Development Goal (SDG) 3, which aims to
ensure healthy lives and promote well-being for all ages [21].

3. Methodology

This study employs a combination of CS techniques and CNN methods to classify lung X-ray images affected by lung
infections, such as pneumonia. The primary objective is to utilize the CS technique to reduce the file size of X-ray
images without significantly compromising their quality, followed by the application of CNN for accurate
classification. The methodology section outlines the processes involved in data collection, image compression, and
classification, providing a comprehensive overview of the steps taken to achieve the study's goals. These steps include
the application of CS techniques to compress medical images, maintaining image integrity, and subsequently utilizing
CNN for high-accuracy diagnosis of lung conditions based on the processed X-ray images. This integrated approach
ensures that even with reduced image sizes, the system is capable of detecting lung abnormalities effectively,
contributing to the advancement of medical image analysis techniques in the healthcare industry.

In the training and testing stages, the dataset undergoes a series of preprocessing steps, including sparsity and
acquisition using CS methods, followed by image reconstruction. The images are then processed through a CNN with
the Alexnet architecture to classify lung health. The performance of the system is evaluated using metrics such as
accuracy, precision, recall, and F1-score. The figure 1 illustrates the overall process of the lung health classification
system.
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Figure 1. Block diagram for lung healthy classification system

The block diagram is divided into two processes: training and testing. The collection of X-ray dataset images of lungs
infected with COVID-19 was obtained from https://github.com/ieee8023/covid-chestxray-dataset/tree/master/images,
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while normal lungs were obtained from https://data.mendeley.com/datasets/rscbjbr9sj/2, as shown in figure 2. Chest
X-rays are radiographic projections to find out the anatomical conditions in the thorax (chest) which includes the heart
and lung organs using X-ray radiation. The dataset used for normal and COVID-19 infected lungs consists of 300 x-
ray images with 60% for training data, 30% for validation, and 10% for testing.

/| .
Figure 2. Datasets: (a) Mendeley dataset (b) github dataset

Simulation experiments using CS with DCT for sparsing technique, OMP as reconstruction algorithm, and CNN as
training method with Alexnet architecture.During the training and testing stages, the dataset enters the sparsity stage
using the DCT technique which successfully compresses signals or images. After that, the signal sparsity results go
into the CS acquisition stage using a measurement matrix generated randomly from a Gaussian normal distribution.
The output in the form of a compression signal is used to calculate CS performance based on the Compression Ratio
(CR) parameter. CR means the ratio of the compressed image size to the size of uncompressed image, as seen in
equation (1). The compressed signal is sent from the sender to the receiver with the Compression Ratio (CR) as
following:

La
CR = o (1)

where La is the length of signal after compression and Lb is the length of the signal before compression.

On the receiver side, to recover the sparse signal from the compressed signal and measurement matrix, a reconstruction
algorithm is needed, in this case using OMP. This reconstructed signal is returned to the original signal through the
Inverse DCT (IDCT) process. To determine the image quality due to the compression process, the PSNR parameter is
used which compares the quality of the original image with the IDCT reconstructed image. The PSNR equation is
shown in (2) as following:

PSNR = 10logy , (S22x), @
1
MSE = - 31 X1 (Sxy — Ci)?, (3)

where C,,qx 1S the largest pixel value in the whole image, x and y represent the coordinates of points in the image, M
and N represent the image dimensions, S is the inserted image, and C is the original image.

The next activity is preprocessing using the CNN technique. The reconstructed image is resized to 256x256.
Subsequently, the color of the image is changed from gray to RGB. This image undergoes processing through
classification technique using CNN with Alexnet architecture. Alexnet is one of the CNN architectures that won the
title at the ImageNet Large Scale Visual Recognition Challenge (ILSVRC) competition which is a large-scale image
classification competition in 2012. AlexNet is a new breakthrough in deep learning by applying ConvsNet combined
with Dropout Regularization technique, utilizing ReLu as activation function and data augmentation. Alexnet is
designed to be able to perform classification with 1000 categories. Alexnet architecture consists of 5 convolution layers,
3 pooling layers, 2 dropout layers, and 3 fully connected layers. Evaluation is done by calculating the confusion matrix
in the form of accuracy, precision, recall, and F1-score, to determine the performance obtained from the research.

4, Results and Discussion

The results and discussion section presents the findings of this study, which focuses on the classification of lung X-ray
images affected by COVID-19 using a combination of CS and CNN with AlexNet architecture. This section provides
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an analysis of the performance of the proposed system, including the impact of various compression ratios on image
quality and classification accuracy. Key metrics such as Peak Signal-to-Noise Ratio (PSNR), accuracy, precision,
recall, and F1-score are used to evaluate the effectiveness of the method. The results are compared with previous studies
to highlight the advantages and limitations of the proposed approach.

3.1. Compressive Sensing

Table 1 shows the average PSNR value of the original image compared to the image resulting from the compression
process. The experiment was carried out on 180 images. Testing was run for 6 scenarios, such as without compression
(CR=0), CR 2, CR4, CR 8, CR 16 and CR 64. The results show that the CR of 2, has an average PSNR value of 32.914
for covid-affected lung images and 30.590 for healthy lung images. While the experiments using CR of 16, an average
PSNR is still above 20 dB with a value of 23.252 dB for covid-affected lung images and 20.993 dB for healthy lung
images. From these results, it can be concluded that CR and PSNR are inversely proportional, where the greater the
CR, the smaller the PSNR or vice versa, the smaller the CR, the greater the PSNR.

Table 1. Average PSNR Values for Original and Compressed Images at Different Compression Ratios

CR PSNR (dB)
Infected with Covid-19 Normal
64 16.737 11.510
32 21.796 18.546
16 23.252 20.993
8 24.240 22.366
4 27.715 25.457
2 32.914 30.590

Figure 3(a) and figure 3(b) show that the images compressed by the CR are not very clear, only a few images are
visible. In figure 3(c) and figure 3(d) the image has started to look clear but there are still some images that look unclear.
In figure 3(e) and figure 3(f) the image is clearly visible. It can be concluded that the greater the CR value, the worse
the image quality.

Figure 3. X-ray images of COVID19-afffected (left) and healthy (right) lungs at compression ratios of (a) 64 (b) 32
(c) 16 (d) 8 (e) 4 and (f) 2
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3.2. Training

In the training stage 180 images were used, while in the validation stage 90 images were used. Both processes are
iterated until 30 epochs or the loss convergence. The optimization algorithm updates the network weights during
training and validation by using the learning rate 0.0005. For all training experiments, accuracy was obtained at 100%.
However, the validation value is different. In the experiment without prior compression and CR of 2, the validation
value was 100%, as seen in figure 4. It can be concluded that the greater the compression ratio, the better the validation
value.

Training
102
100
98
96
94
92
90 I
88
64 32 16 8 4 2 0
® Training 100 100 100 100 100 100 100
= Validation 92.22 94.44 98.89 98.89 99.44 100 100
® Training ™ Validation

Figure 4. Training Accuracy and Validation Accuracy at Different Compression Ratios

3.3. Testing

Figure 5 shows the testing results using 30 images. The test results show that when the system does not use compression
techniques or CR=0, all performance parameters, such as: accuracy, precision, recall and F1-score are worth 100%.
For example, at CR=2, accuracy is 98.33, precision is 100%, recall is 96.67% and F1-score is 98.31%. In the application
of CS, it can be concluded that the smaller the CR, the higher of all parameters value.

Testing
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64 32 16 8 4 2 0
= Accuration  86.67 91.67 93.33 95.00 96.67 98.33 100
= Precision 86.00 87.88 96.43 96.55 100 100 100
Recall 73.33 86.67 90.00 93.33 93.33 96.67 100
F1-Score 84.62 92.06 93.10 94.92 96.55 98.31 100
® Accuration ™ Precision Recall F1-Score

Figure 5. Testing Accuracy, Precision, Recall, and F1-Score at Different Compression Ratios

Table 2 shows a comparison of previous research with the proposed system. All studies carried out lung health
classification using X-Ray images of the lungs with 2 classifications, namely normal lungs and infected with Covid-
19. The comparison results show that the Alexnet model is superior to other architectures. When applying CS with
CR=2, the proposed method has a performance that is not much different from other research, with the smallest Recall
value of 96.67%.

Table 2. Comparison of Proposed System with Previous Studies

Reference Methods Accuracy Precision Recall F1-score
Qjidaa, [25] Ensemble 98.00% 98.66%  98.33%  98.30%
Barstugan et al., [26] Feature Extraction + SVM 98.71% 99.62%  97.56% 98.58%

Ngesthi and Setyawan, [27]  Cropping + Resnet101 99.40% 98.70%  99.20% 99.00%
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(2D) curvelet transformation, chaotic salp
swarm algorithm (CSSA) and deep learning

Proposed Alexnet 100% 100% 100% 100%
Proposed CS (CR=2)+Alexnet 98.33% 100% 96.67%  98.31%

Altan, A. & Karasu, S, [28] 99.69% 99.62%  99.44% 99.53%

3.4. Discussion

3.4.1. Compressive Sensing Impact on PSNR

The application of CS techniques in this study demonstrated a significant impact on the Peak Signal-to-Noise Ratio
(PSNR) of the compressed X-ray images. As shown in Table 1, a CR of 2 resulted in relatively high PSNR values for
both COVID-19-affected and normal lungs, with 32.914 dB and 30.590 dB, respectively. This indicates that at lower
compression, the image retains more of its original quality. However, as the CR increases, the PSNR drops
substantially. At CR=64, the PSNR for COVID-19 images was 16.737 dB, while normal lung images dropped to 11.510
dB. This trend shows that higher compression ratios significantly degrade the image quality, making it difficult to
discern details essential for accurate classification.

3.4.2. Effect on Image Quality

The visual analysis in figure 3 supports the numerical PSNR results. Images at lower CR values (figure 3(e) and figure
3(f)) maintain clarity, essential for diagnostic accuracy. However, at higher CRs (figure 3(a) and figure 3(b)), the
images lose substantial detail, with only faint features visible. This observation confirms that while CS is useful for
reducing file size, it comes at the cost of image fidelity. Therefore, there is a trade-off between file size and diagnostic
utility, especially for medical images where fine details are crucial.

3.4.3. Training and Validation Accuracy

During the training phase, the system consistently achieved 100% accuracy across all iterations for 180 images. The
model, based on the AlexNet architecture, demonstrated robust performance in learning patterns from the dataset, as
seen in the training results. Validation accuracy also performed impressively, particularly when no compression or
minimal compression was applied. However, with increasing compression ratios, validation accuracy showed some
decline. This suggests that while the network can learn effectively from clear images, the performance is slightly
impacted when image quality deteriorates due to compression.

3.4.4. Testing Performance and CS Impact

Testing results, as shown in figure 5, further highlight the system’s efficacy across different compression scenarios.
Without compression, the model achieved perfect scores, with 100% accuracy, precision, recall, and F1-score. At
CR=2, the system maintained high performance with 98.33% accuracy, 100% precision, 96.67% recall, and 98.31%
F1-score. This indicates that moderate compression does not severely impact the system’s ability to classify lung
conditions. However, as compression increases, these values gradually decline, emphasizing the importance of
balancing compression levels with diagnostic accuracy.

3.4.5. Comparison with Previous Studies

Table 2 provides a comprehensive comparison of the proposed system's performance with prior research. Notably, the
AlexNet architecture used in this study showed superior performance in classifying lung images without compression.
This aligns with the findings of Ngesthi and Setyawan [27] also achieved high accuracy of 99.4% using ResNet101.
The use of AlexNet in this study, with CS at CR=2, still achieved competitive results, demonstrating that even with
moderate compression, the system retains considerable diagnostic power.

3.4.6. AlexNet's Superiority

The superior performance of AlexNet in this study, particularly in scenarios without compression, underscores the
efficacy of this architecture in medical image classification tasks. AlexNet’s ability to handle large datasets and extract
meaningful features from X-ray images contributed to its high performance. Compared to other architectures like
ResNet50, Ensemble models, and SVM-based methods, AlexNet demonstrated its robustness in achieving 100% across
key classification metrics, as shown in table 2.
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3.4.7. Compressive Sensing as a Trade-Off

While Compressive Sensing plays a crucial role in reducing file size, it introduces a trade-off in image quality. The
study demonstrated that at CR=2, the system still produced reliable classification results, with minimal loss in
diagnostic capability. However, as the CR increased, the model’s classification ability diminished, particularly in terms
of recall, which dropped to 96.67%. This trade-off needs to be carefully considered in practical applications, where
both image size and classification accuracy are critical.

3.4.8. Challenges with Higher Compression Ratios

The results also highlight the challenges of employing higher compression ratios in medical imaging. As the
compression ratio increased, the PSNR dropped, indicating significant degradation in image quality. This affected the
network’s ability to classify the images accurately, particularly when CR reached 64, where the recall and precision
values dropped noticeably. These findings align with previous research by Barstugan et al. [26], which showed that
feature extraction methods struggle when image quality is compromised due to aggressive compression.

3.4.9. Comparison with Feature Extraction Methods

Feature extraction techniques such as those used by Barstugan et al. [26] and Altan & Karasu [28] showed strong
performance in earlier studies, particularly with the use of advanced methods like GLCM, GLSZM, and curvelet
transformations. However, these methods tend to be more complex and computationally intensive compared to the
AlexNet architecture used in this study. The current research demonstrates that AlexNet, combined with CS at moderate
levels, can provide a simpler yet highly effective solution for lung image classification.

3.4.10. Future Directions and Improvements

The results of this study suggest that future research could explore optimizing the compression ratio to find a sweet
spot that balances file size and classification performance. Further improvements could include experimenting with
different deep learning architectures or hybrid methods to enhance classification accuracy at higher compression levels.
Additionally, incorporating more diverse datasets could help generalize the model for broader clinical applications,
making it a valuable tool in resource-constrained settings where file storage and transmission efficiency are crucial.

5. Conclusion

This research combines CS compression techniques and CNN classification applied to X-Ray images of lung health.
The proposed method combines the CS method consisting of DCT, Gaussian measurement matrix, OMP reconstruction
algorithm and CNN method in the form of the Alexnet architecture for classification of normal and Covid-19 infected
lung images. The research tested the system with scenarios without compression and with compression using CR 2, 4,
8.16, 32, and 64. The results showed that the success of image compression using CR=2 and PSNR 27.715 dB, obtained
classification parameters in the form of accuracy in training and validation of 100% and minimum test parameters of
96.67%. The Alexnet model was proven to be superior to other models in similar research. For further research, a
mobile application will be created to detect lung health which can be used directly by interested parties, as well it will
be developed for other types of lung disease.
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