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Abstract: To increase the lung cancer survival rate, it is important to detect pulmonary nodules early; 

however, this remains a challenging task due to the constant fluctuation in nodule size, shape, and texture, 

and to the low contrast in chest X-ray (CXR) and computed tomography (CT) images. Current 

improvements in the deep learning technology have greatly influenced computer-aided detection systems 

by facilitating an automated hierarchical feature extraction, while being able to maintain multi-scale 

image processing techniques, which have increased the rapid identification of both small and 

circumstantially subtle nodes. This review paper investigates contemporary methods integrating 

convolutional neural networks, 3D frameworks, attention mechanisms, feature pyramid networks, and 

transformer-based models with multi-scale analysis approaches for powerful pulmonary nodule 

detection. In addition, this meticulously examines methodological improvements, performance analysis 

metrics, false-positive deduction techniques, and data usage trends reported in current research. To 

continue, this review paper investigates persistent limitations, including data imbalance, cross-modality 

generalization, computational complexity, and limited clinical interpretability 
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Introduction 

An overview of pulmonary nodules, which are nothing but small, round, or oval-shaped growths in the 

lung, which most tines act as an early sign of malignancy. Discovering these nodules effectively and 

accurately is a difficult task because of how different sizes, shapes, textures, and sometimes subtle the 

appearance in the chest radiography (CXR) and computed tomography (CT) images. Classical computer 

systems, such as traditional computer-aided detection (CAD), which mostly relied on handcrafted 

functionalities and standard image processing techniques, have some limitations when it comes to low 

sensitivity, high false-positive rates, and very poor generalization in dynamic imaging approaches and 

patient populations. Also, multi-scale image processing techniques, integrated with convolutional neural 

networks (CNN), attention mechanisms, and feature fusion approaches, have enabled an improvement in 

the performance of detection mechanisms by the effective capturing of both local fine-grained details and 

global related information.  
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Furthermore, the implementation of a multi-framework approach via the integration of perceptual 

principles, including a Gestalt-based visual similarity, illustrating potential in improving diagnostic 

correctness and interpretability. Notwithstanding these improvements, the challenge remains in the 

handling of data imbalance, reduction of false-positives, ensuring strong imaging approaches, and 

maintenance of computational correctness, needing continued research towards more reliable and 

clinically applicable pulmonary nodule detection systems. 

 

Literature Survey 

For an early lung cancer diagnosis, pulmonary nodule detection is important; however, traditional CAD 

systems, which are based on handcrafted features, have limitations with the small, irregular, or low 

contrast modules.  The improvement of automated feature extraction and detection performance in both 

cases of chest X-ray and CT image via the use of deep learning approaches, particularly convolutional 

neural networks (CNN)(Gao et al., 2025). Multi-scale architectures and attention mechanisms have proven 

effective in capturing fine-grained details while considering global context. For example, Chen et al. (2023) 

used a two-stage 3D CNN with multi-scale convolution for candidate detection, while Zhang et al. (2022) 

implemented a 3D attention U-Net to enhance small nodule detection. Zhao et al. (2022) integrated multi-

scale feature fusion with Faster R-CNN, reducing false negatives. Canayaz et al. (2024) suggested a synergy 

of radiomics and deep features, and transformer-based models (Precision Micro-DETR (2026)). 

Consequently, increasing the effectiveness of localization and cross-modality execution. 

 

Table 1: Comparative Literature Summary of Pulmonary Nodule Detection Studies 

Author(s) / 
Year 

Method / 
Architecture 

Key Features Gaps / Limitations 

Chen et al., 
2023 

Two-stage 3D 
CNN 

Multi-scale convolution, 
candidate detection 

High computational cost may 
miss subtle nodules in low-

contrast regions 

Zhang et al., 
2022 

3D Attention U-
Net 

Multi-scale attention 
blocks, improved small 

nodule detection 

Limited generalization across 
modalities; high false positives 

in dense lung areas 

Zhao et al., 
2022 

Faster R-CNN + 
Feature Fusion 

Multi-scale feature fusion, 
enhanced small nodule 

detection 

Requires large, annotated 
datasets; moderate false 

positives 

Gao et al., 
2025 

Deep Learning 
Overview of CNN, multi-

scale, attention techniques 
Lacks experimental validation; 
no new framework proposed 

Wang et al., 
2025 

DL 
Reconstruction 

+ CNN 

Ultra-low-dose CT 
enhancement, improved 

nodule visibility 

Limited evaluation of diverse CT 
scanners; computationally heavy 

Canayaz et al., 
2024 

CNN + 
Segmentation 

Balanced segmentation 
and classification 

Sensitivity for tiny nodules is 
moderate; cross-modality 

generalization limited 
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Cao Z et al., 
2023 

CNN + 
Attention 

Multi-scale attention, 
higher sensitivity 

Needs optimization for real-time 
deployment; interpretability not 

addressed 

Liu et al., 2019 
3D Feature 

Pyramid 
Networks 

Multi-resolution feature 
extraction, robust to 
nodule size variation 

Older architecture; limited 
attention mechanism; higher FP 

rate 

Jingya  et al., 
2019 

NoduleNet 
False positive reduction, 
decoupled FP strategy 

Focused only on FP reduction; 
may miss small nodules 

Chen J et al, 
2026 

Transformer-
based 

Multi-scale transformer 
attention, enhanced small 

nodule detection 

High computational resources 
required; clinical validation 

pending 

 

Table 1 illustrates proper investigations on how effective deep learning frameworks have been utilized in 

pulmonary nodule detection, especially via the application of a 3D feature network and reduction of false 

positives. 

 

Problem Statement 

Suggested hybrid pulmonary nodule detection framework, which integrates the following: 

 

• A multi-scale image processing for the capturing of local and global features 

• An attention mechanism with a strong nodule localization via a 3D CNN 

• Enhancing perceptual accuracy with the Gestalt-based visual similarity technique. 

• Integration of feature fusion and false-positive reduction for a higher sensitivity 

 
 

Fig 1. Hybrid Pulmonary Nodule Detection Framework 

Fig 1 illustrate a hybrid pulmonary nodule detection workflow, featuring chest X-ray and CT scan inputs 

processed via multi-scale analysis. 
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Conclusion 

Pulmonary nodule detection is still a vital and difficult task in early cancer diagnosis. Current 

improvements in the field of artificial intelligence, especially deep learning, have transfigured pulmonary 

nodule detection by enhancing automated ranking feature removal and representation learning from 

medical images. Also, multi-scale image processing techniques, integrated with convolutional neural 

networks (CNN), attention mechanisms, and feature fusion approaches, have enabled an improvement in 

the performance of detection mechanisms by the effective capturing of both local fine-grained details and 

global related information 
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