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PREFACE 
 

The rapid growth of digital technologies has led to an unprecedented generation of data 

across every domain of human activity. Transforming this vast amount of information into 

meaningful knowledge and actionable intelligence has become one of the most significant 

challenges and opportunities of the modern era. Information and Knowledge Engineering has 

emerged as a multidisciplinary field that integrates data science, artificial intelligence, 

machine learning, knowledge representation, and intelligent computing techniques to develop 

systems capable of learning, reasoning, and supporting informed decision-making. 

 

The book, Advances in Information and Knowledge-Engineering: From Data to Intelligent 

Systems, presents contemporary research and innovative developments that bridge the gap 

between raw data and intelligent applications. The chapters in this volume highlight emerging 

methodologies, theoretical advancements, and practical implementations that contribute to 

the design and development of next-generation intelligent systems. 

 

The contributions encompass a broad spectrum of topics, including data analytics, machine 

learning algorithms, deep learning frameworks, knowledge management, natural language 

processing, intelligent decision-support systems, information retrieval, data security, cloud 

and edge computing, Internet of Things (IoT), and various domain-specific applications. 

Together, these works demonstrate how advances in information processing and knowledge 

engineering are enabling organizations and societies to derive value from complex data 

environments and create smarter, more adaptive technologies. 

 

This volume aims to serve as a comprehensive resource for researchers, academicians, 

industry professionals, and postgraduate students who seek to understand the evolving 

landscape of intelligent information systems. By presenting diverse perspectives and 

interdisciplinary approaches, the book encourages collaboration among researchers and 

inspires further exploration of innovative solutions to contemporary challenges in information 

and knowledge engineering. 

 

The editors express their sincere gratitude to all authors, reviewers, and contributors whose 

dedication and scholarly efforts have made this volume possible. We also extend our 

appreciation to the organizing institutions and publishing team for their invaluable support 

throughout the preparation of this book. 

 

It is our hope that this volume will stimulate new ideas, foster meaningful research 

collaborations, and contribute to the advancement of information and knowledge engineering, 

ultimately supporting the development of intelligent systems that positively impact science, 

industry, and society. 
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FROM NOISE REDUCTION TO DIAGNOSIS: 

A REVIEW OF MACHINE LEARNING TECHNIQUES 

IN LUNG IMAGE ENHANCEMENT 

Abstract 

The early and accurate diagnosis of lung 

diseases, in- cluding lung cancer and 

tuberculosis, is critical for effective treat- ment 

and improved patient outcomes. However, the 

diagnostic process is often hindered by 

limitations in conventional imaging techniques, 

such as low-dose computed tomography 

(LDCT) and chest X-rays, which can result in 

images with low contrast, noise, and artifacts. 

The emergence of machine learning (ML) and 

deep learning (DL) algorithms has 

revolutionized the field, offering promising 

solutions to enhance lung image quality and 

diagnostic accuracy. This comprehensive 

review explores the advancements in ML/DL 

methodologies for improving lung image 

quality. It delves into challenges associated 

with conventional imaging techniques, data 

scarcity, and annotation limitations, alongside 

discussing noise reduction, contrast 

enhancement, and segmen- tation techniques. 

The paper further evaluates ML/DL-based 

algorithms, including convolutional neural 

networks (CNNs), generative adversarial 

networks (GANs), and hybrid approaches, 

highlighting their impact on image 

enhancement and disease detection. By 

analyzing performance metrics and 

comparative studies, the review underscores the 

potential of these technologies to transform 

clinical workflows. The findings emphasize the 

need for robust datasets, enhanced generalize 

ability, and explain ability to facilitate 

widespread clinical adoption and improve 

patient outcomes. 

Keywords: Low-Dose CT (LDCT), Chest X-

Ray Analysis, Convolutional Neural Networks 

(CNNs), Generative Adversarial Networks 

(GANs) 
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I. INTRODUCTION 

 

1. THE NEED FOR ENHANCED LUNG IMAGE QUALITY 

 

Early and accurate diagnosis of lung diseases is paramount for effective treatment and 

improved patient outcomes [1], [2]. Lung cancer, in particular, remains a leading cause of 

cancer- related deaths worldwide [3], [4], highlighting the critical need for advanced 

diagnostic tools. Tuberculosis (TB) also presents a significant global health challenge, 

demanding rapid and accurate detection for effective control [4], [5]. However, the 

diagnostic process is often hampered by limitations inherent in conventional imaging 

techniques and the inherent complexities of lung image analysis. 

 

The quality of lung images obtained through various modal- ities, including X-rays and 

computed tomography (CT) scans, can be significantly compromised by several factors. 

Low-dose CT protocols, while minimizing radiation exposure to patients [6], frequently 

result in images with reduced contrast, increased noise, and the presence of streak artifacts 

[7]. These image quality deficiencies can hinder the accurate detection and characterization of 

lung lesions, potentially leading to misdiagnosis or delayed treatment [7], [6]. 

Similarly, chest X-rays, despite their widespread use and cost-effectiveness, are susceptible to 

limitations in image quality due to factors like patient positioning, variations in imaging 

equipment, and the inherent limitations of the X-ray modality itself [1], [8]. These limitations 

can compromise the diagnostic accuracy of even experienced radiologists [1]. 

 

The advent of machine learning (ML) and deep learning (DL) algorithms has opened up new 

avenues for addressing these challenges [1], [2]. These algorithms offer the potential to 

improve the quality of lung images, enhancing the accuracy and efficiency of diagnostic 

procedures. This review will delve into the current state of research on improving lung image 

quality using ML/DL algorithms, systematically analyzing various approaches, 

methodologies, performance metrics, limitations, and future directions. We will explore the 

challenges in lung image acquisition and analysis, examine various image enhancement 

techniques, and critically evaluate the performance of different ML/DL algorithms in 

improving lung image quality for improved diagnostic accuracy. 

 

II. CHALLENGES IN LUNG IMAGE ACQUISITION AND ANALYSIS 

 

1. Limitations of Conventional Imaging Techniques and Their Impact on Diagnosis 

 

The limitations of conventional imaging techniques signifi- cantly impact the accuracy and 

efficiency of lung disease di- agnosis. Low-dose computed tomography (LDCT), while ben- 

eficial in reducing radiation exposure, often produces images with suboptimal quality [6]. 

The reduced radiation dose leads to a decrease in the signal-to-noise ratio, resulting in images 

with increased noise levels and reduced contrast [6], [7]. This makes the detection and 

characterization of subtle lung lesions, such as small nodules or early-stage cancers, 

considerably more difficult for radiologists [7]. Furthermore, streak artifacts, caused by 

various factors including patient movement and beam hardening, further compromise image 

quality and can obscure important diagnostic features [6]. Chest X-rays, while widely 

accessible and relatively inexpensive, also suffer from limitations that can affect diagnostic 

accuracy [1], [8]. The lower spatial resolution of X-rays compared to CT scans makes it 

challenging to visualize small lesions or subtle changes in lung tissue [1]. Furthermore, 

the inherent limitations of X-ray projection imaging, such as image overlap and the 

Advances in Information and Knowledge-Engineering: From Data to Intelligent Systems 
IIP Series | Volume 6 | 2026 | ISSN: 3070-7617 (Online) 
E-ISBN: 978-81-69809-33-7| Document Code: V6B1P1C11 
Chapter 11: FROM NOISE REDUCTION TO DIAGNOSIS: A REVIEW OF MACHINE LEARNING 
TECHNIQUESIN LUNG IMAGE ENHANCEMENT 

Copyright © 2026 Authors 87



obscuring of structures by other tissues, can further impede accurate diagnosis [1], [8]. The 

presence of artifacts, such as motion blur or scattered radiation, can also affect image 

quality and diagnostic accuracy [9]. These factors necessitate the development of robust 

image enhancement techniques to improve the quality and interpretability of lung images 

obtained from both LDCT and chest X-rays. 

 

2. Data Scarcity, Imbalance, and Annotation Challenges in Medical Imaging 

 

The development and training of effective ML/DL models for lung image enhancement are 

heavily reliant on the avail- ability of large, high-quality, and accurately labeled datasets [10]. 

However, the acquisition of such datasets in medical imaging presents significant challenges. 

Privacy concerns sur- rounding the use of patient data impose strict regulations and 

limitations on data sharing and accessibility [1]. The process of annotating medical images, 

requiring the expertise of trained radiologists or medical specialists, is time-consuming, 

labor- intensive, and costly [1]. This makes the creation of large la- beled datasets a 

significant hurdle in the field of medical image analysis. Furthermore, datasets often exhibit 

class imbalance, where certain disease categories or types of lung lesions are 

underrepresented compared to others [1]. This imbalance can lead to biased model 

performance, with the model exhibiting higher accuracy for the majority class while 

performing poorly on the minority classes [1]. This is particularly problematic in the 

context of lung disease detection, where rare or less prevalent conditions might be crucial to 

diagnose early for optimal patient outcomes. Addressing these challenges re- quires 

innovative approaches to data acquisition, annotation, and management, including the 

exploration of techniques such as data augmentation and synthetic data generation to mitigate 

the effects of data scarcity and class imbalance [10]. 

 

III. IMAGE ENHANCEMENT TECHNIQUES: PREPROCESSING FOR 

IMPROVED ACCURACY 

 

Before applying ML/DL algorithms for lung image analysis, several image enhancement 

techniques are typically employed as preprocessing steps to improve the quality of the input 

images. These preprocessing steps aim to mitigate the effects of noise, artifacts, and low 

contrast, thereby enhancing the accuracy and reliability of subsequent analysis. 

 

1. Noise Reduction: Noise in lung images can stem from various sources, including 

limitations in imaging equipment, patient movement, and inherent limitations in the 

imaging modality. Several techniques are employed to reduce noise while preserving 

important image details. Median filtering, a non-linear filtering technique, is effective in 

removing salt-and-pepper noise and preserving edges [11]. Anisotropic diffusion, a 

partial differential equation-based method, selectively smooths image regions while 

preserving edges and details [6]. Non-local means (NLM) filtering, a powerful 

technique based on the assumption that similar image patches have similar noise 

characteristics, has also been widely used for noise reduction in medical images [12]. 

The choice of the most appropriate noise reduction technique depends on the type and 

level of noise present in the images and the desired balance between noise reduction 

and detail preservation. 

 

2. Contrast Enhancement: Low contrast in lung images can make it difficult to discern 

subtle features, such as small nodules or early-stage lesions. Contrast enhancement 

techniques aim to improve the visibility of these features by increasing the dynamic 
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range of pixel intensities. Contrast limited adaptive histogram equalization (CLAHE) is 

a widely used technique that adjusts the contrast locally within the image, effectively 

enhancing contrast in regions with varying intensity distributions [11], [13]. Gamma 

correction, a point operation that modifies the intensity values of individual pixels, is 

another commonly used technique for contrast enhancement [3]. Image adjustment, 

involving the modification of brightness and contrast levels, provides a simpler method 

for enhancing contrast [3]. The selection of the best contrast enhancement technique 

depends on the specific characteristics of the images and the desired level of contrast 

enhancement. 

 

3. Sharpness Enhancement: Unsharp masking is a common technique used to enhance 

image sharpness by emphasizing edges and high-frequency details [11]. This technique 

works by subtracting a blurred version of the image from the original image, thereby 

highlighting the differences and enhancing the sharpness of edges and details. Other 

edge-preserving filtering techniques can also be employed to improve image sharpness 

while minimizing the introduction of artifacts. 

 

4. Segmentation: Image segmentation is a crucial preprocessing step that involves 

partitioning the image into meaningful regions or objects. This allows for the 

isolation of regions of interest, such as lung tissue or suspected lung nodules, from the 

background. Thresholding, a simple and widely used segmentation technique, involves 

classifying pixels based on their intensity values [3], [14]. K-means clustering, a data 

clustering algorithm, can be used to group similar pixels into clusters based on their 

intensity and spatial characteristics [13], [15]. More advanced segmentation 

techniques, such as those based on deep learning, can provide more accurate and 

robust segmentation results, particularly for complex images with varying tissue types 

and textures. 

 

IV. MACHINE LEARNING ALGORITHMS FOR LUNG IMAGE 

ENHANCEMENT 

 

A variety of machine learning (ML) algorithms have been successfully employed for lung 

image enhancement. These algorithms offer different approaches to improving image 

quality, each with its own strengths and limitations. 

 

1. Super-Resolution Techniques: Enhancing Resolution for Improved Detail 

 

Super-resolution techniques aim to increase the resolution of low-resolution images, thereby 

improving the visibility of fine details. Super-resolution convolutional neural networks 

(SRCNNs) have emerged as a powerful approach to this problem [16]. SRCNNs leverage the 

power of deep learning to learn complex mappings between low-resolution and high- 

resolution image patches, effectively upscaling images while preserving important details and 

minimizing artifacts. Gen- erative adversarial networks (GANs), another class of deep 

learning models, are also being increasingly used for super- resolution tasks [10], [17]. 

GANs consist of two networks, a generator that creates high-resolution images from low- 

resolution inputs, and a discriminator that distinguishes be- tween real and generated images. 

The adversarial training process between these two networks leads to the generation of high-

quality, realistic super-resolved images. The choice between SRCNNs and GANs depends on 

factors such as the desired level of super-resolution, computational resources, and the 

availability of training data. 
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2. Denoising Autoencoders: Learning to Remove Noise 

 

Denoising autoencoders are a type of neural network archi- tecture specifically designed for 

noise reduction [18]. These autoencoders learn to reconstruct input images after encoding 

them into a lower-dimensional representation. The encoding process forces the network to 

learn the essential features of the image while discarding irrelevant noise. During the 

decoding phase, the network reconstructs the image from the encoded representation, 

effectively removing noise while preserving important image details. The effectiveness of 

denoising au- toencoders depends on the architecture of the network, the training data, and 

the type of noise present in the images. 

 

3. Other ML Approaches: Indirect Contributions to Image Quality Improvement 

 

While not directly enhancing image quality in the same way as super-resolution or denoising 

techniques, other ML algorithms contribute indirectly to improved diagnostic accu- racy by 

enhancing the analysis of existing images. Support vector machines (SVMs) are powerful 

classification algorithms that have been used for various tasks in medical image analysis, 

including lung nodule detection and classification [3], [14], [19], [20], [21]. Decision trees, 

another class of classification algorithms, are known for their interpretability and ability to 

handle high-dimensional data [3], [19], [14], [22]. Random forests, an ensemble method that 

combines multiple decision trees, are often employed for their robustness and high accuracy 

[7], [14], [23], [4], [24], [22]. These algorithms indirectly improve image quality by 

improving the accuracy of subsequent analysis and classification tasks. By accurately 

identifying and classifying lung lesions, these algorithms indirectly enhance the value and 

interpretability of the underlying images. 

 

V. DEEP LEARNING MODELS FOR LUNG IMAGE ENHANCEMENT 

 

Deep learning (DL) models, particularly convolutional neu- ral networks (CNNs), have 

demonstrated remarkable capabil- ities in various lung image enhancement tasks. The 

ability of CNNs to learn complex hierarchical representations from image data makes them 

highly suitable for tasks such as denoising, super-resolution, and segmentation. 

 

1. CNN Architectures for Denoising and Super-Resolution: Leveraging Pre-

trained Models 

 

Pre-trained CNN models, such as VGG16, VGG19, ResNet50, and DenseNet201 [11], 

have been successfully adapted for lung image enhancement tasks. These models, initially 

trained on large image datasets for image classifica- tion, possess a strong ability to extract 

meaningful features from images. By fine-tuning these pre-trained models on lung 

image datasets, researchers can leverage their existing feature extraction capabilities to 

improve denoising and super- resolution performance [11]. This transfer learning approach 

reduces the need for large amounts of training data and accelerates the training process, 

making it more feasible to develop effective lung image enhancement models. Efficient- 

Net, another powerful CNN architecture, has also been applied for image quality 

assessment and classification tasks [1]. The architecture of EfficientNet, designed for 

efficient computation and high accuracy, makes it a suitable choice for applications where 

computational resources are limited. 
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2. Generative Adversarial Networks (GANs) for Synthetic Image Generation: 

Addressing Data Scarcity 

 

The scarcity of high-quality annotated lung image datasets remains a major challenge in 

developing effective DL models. GANs provide a powerful approach to address this 

challenge by generating synthetic lung images [10], [17]. These synthetic images can be 

used to augment existing datasets, increasing the size and diversity of training data, and 

improving the generalization ability of DL models. GANs, through their adversarial 

training process, are capable of generating realistic and diverse synthetic images that 

closely resemble real lung images. This technique is particularly valuable in scenarios 

where obtaining real patient data is difficult or expensive. 

 

3. Hybrid Approaches Combining CNNs and Other Tech- niques: Synergistic 

Improvements 

 

Hybrid approaches that combine CNNs with other tech- niques have demonstrated synergistic 

improvements in lung image enhancement and disease detection [25], [26]. For in- stance, a 

two-stage system incorporating a quality assessment module based on novelty detection, 

coupled with a diagnosis assistance module, can provide accurate and efficient acqui- sition 

guidance and diagnostic assistance [25]. This system addresses the challenge of limited 

control cases for training quality assessment classifiers, ensuring that only images of 

sufficient quality are used for diagnosis. Integrating adaptive optimization algorithms with 

ensemble learning techniques further enhances the accuracy of lung cancer diagnosis by 

optimizing model parameters and combining the strengths of multiple base classifiers [26]. 

These hybrid approaches demon- strate the potential for combining the strengths of different 

techniques to achieve superior performance in lung image analysis. 

 

VI. PERFORMANCE EVALUATION AND COMPARISON OF METHODS 

 

The performance of ML/DL-based lung image enhance- ment methods is assessed using a 

combination of quantitative and qualitative metrics. Quantitative metrics provide objective 

measures of image quality and diagnostic accuracy, while qualitative metrics involve 

subjective evaluations based on visual inspection. 

 

1. Quantitative Metrics: Objective Measures of Image Quality 

 

Several quantitative metrics are used to evaluate the effec- tiveness of lung image 

enhancement techniques. Peak signal- to-noise ratio (PSNR) and structural similarity index 

(SSIM) are commonly used to assess the overall image quality by comparing the enhanced 

images to the ground truth images [16]. Higher PSNR and SSIM values indicate better image 

quality. Contrast-to-noise ratio (CNR), noise suppression index (NSI), edge preserving index 

(EPI), and blurring index (BI) provide more specific measures of image quality aspects, such 

as contrast, noise level, edge preservation, and blurring [6]. Dice similarity coefficient (DSC) 

and Jaccard index are used to evaluate the accuracy of image segmentation, measuring the 

overlap between the automatically segmented regions and the manually annotated ground 

truth [24], [27]. Area under the receiver operating characteristic curve (AUC) is a widely used 

metric for assessing the performance of diagnostic models, providing a measure of their 

ability to discriminate between different classes (e.g., healthy vs. diseased) 
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2. Qualitative Metrics: Subjective Evaluation of Visual Qual- ity 

 

In addition to quantitative metrics, qualitative evaluation is often employed to assess the 

subjective quality of enhanced images. This involves visual inspection of the enhanced images 

by experienced radiologists or medical specialists, who evalu- ate improvements in contrast, 

sharpness, noise reduction, and the overall visual appeal of the images. Qualitative 

assessments provide valuable insights into the clinical relevance of the image enhancement 

techniques and their impact on diagnostic accuracy. This subjective evaluation plays an 

important role in determining the clinical acceptability of the enhanced images and their 

suitability for use in diagnostic workflows. A consensus among multiple evaluators is 

generally sought to minimize bias and ensure reliability. 

 

3. Comparative Analysis of Studies: Identifying Superior Ap- proaches 

 

Many studies directly compare the performance of different ML/DL algorithms and 

image enhancement techniques on the same dataset [11], [3], [14], [23], [26], [28], 

[21], [16]. 

 

This allows for a direct and objective comparison of their effectiveness in improving lung 

image quality and diagnostic performance. While many studies report high accuracy rates 

(e.g., ¿90%) for various algorithms [3], [11], [19], [14], [23], [26], [21], [28], [12], 

[29], [30], the variability in datasets, evaluation metrics, and experimental protocols makes 

it challenging to draw definitive conclusions about the overall superiority of any particular 

approach. A careful and critical analysis of individual studies, considering their limitations 

and strengths, is necessary for a comprehensive understanding of the current state of the 

art. 

 

VII. CONCLUSION AND FUTURE DIRECTIONS 

 

Machine learning and deep learning algorithms have shown considerable promise in 

improving lung image quality and facilitating more accurate and efficient diagnosis of lung 

diseases. A wide range of image enhancement techniques and ML/DL models have been 

developed and evaluated, with many studies demonstrating high accuracy rates in various 

diagnostic tasks. However, several challenges and limitations remain to be addressed for the 

widespread adoption and clinical integration of these technologies. 

 

1. Addressing Data Scarcity and Bias: The Need for Larger, More Diverse Datasets 

 

The scarcity and potential bias in existing datasets continue to pose a significant challenge. 

The creation of larger, more diverse, and well-annotated datasets is crucial for training more 

robust and generalizable ML/DL models. This neces- sitates collaborative efforts among 

researchers, clinicians, and data providers to overcome privacy concerns, streamline data 

annotation processes, and establish data sharing mechanisms. Data augmentation 

techniques, such as image rotation, scaling, and noise addition, can also be used to 

artificially increase the size of datasets and improve model robustness. The develop- ment 

of methods for generating synthetic lung images, using GANs or other generative models, 

offers a promising avenue for addressing data scarcity and bias. 
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2. Improving Generalizability and Robustness: Extending Per- formance Across 

Diverse Settings 

 

The generalizability of ML/DL models across different imaging modalities, patient 

populations, and clinical settings remains a critical area for improvement. Models should 

be robust enough to handle variations in image acquisition pro- tocols, patient 

characteristics, and disease presentations. This requires careful consideration of the 

diversity of the training data and the development of techniques for improving model 

robustness to noise and variations in image quality. Cross- validation techniques, involving 

training models on multiple subsets of the data and evaluating performance on held-out 

data, can help assess the generalizability of models. 

 

3. Enhancing Explainability and Interpretability: Building Trust and Clinical 

Acceptance 

 

The “black box” nature of many DL models poses a challenge to clinical adoption. The lack 

of transparency and interpretability of these models can hinder trust and confi- dence among 

clinicians. Developing methods for explaining the decision-making processes of these models 

is crucial for building trust and ensuring clinical acceptance. Techniques such as saliency 

map visualization, attention mechanisms, and model-agnostic explanation methods can 

provide insights into the factors influencing model predictions, facilitating better 

understanding and increasing confidence in the results. 

 

4. Integration into Clinical Workflows: Developing User- Friendly and Efficient 

Tools 

 

The successful integration of ML/DL-based image enhance- ment tools into existing clinical 

workflows is essential for widespread adoption and impact on patient care. This re- quires the 

development of user-friendly and efficient tools that seamlessly integrate with existing 

radiology information sys- tems (RIS) and picture archiving and communication systems 

(PACS). The tools should be designed to be easily accessible to clinicians and require minimal 

training, ensuring that the technology is readily usable in routine clinical practice. The 

development of standardized evaluation metrics and bench- marks can also facilitate the 

comparison and selection of the most appropriate tools for different clinical settings. 

 

5. Future Research Directions: Continued Innovation and Collaboration 

 

Future research efforts should focus on developing more robust, generalizable, and 

interpretable ML/DL models for lung image enhancement. This includes developing novel 

architectures and algorithms, exploring different data augmen- tation strategies, and 

investigating new methods for address- ing data scarcity and bias. Continued collaboration 

between researchers, clinicians, and data providersis essential for the creation of large, high-

quality datasets and the development of clinically relevant tools. The ongoing advancements 

in deep learning, combined with the increasing availability of large- scale medical image 

datasets, hold immense potential for transforming the field of lung disease diagnosis and 

improving patient outcomes. The development of more sophisticated hybrid models, 

combining the strengths of multiple techniques, is likely to play an important role in future 

advancements. Fur- thermore, research into the explainability and interpretability of these 

models is essential for building trust and promoting their integration into clinical practice. 
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