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Abstract- — Lung cancer is one of the leading causes of cancer-related mortality worldwide, and early detection significantly
improves patient survival rates. Traditional diagnostic methods such as CT-scan interpretation are time-consuming and require
high clinical expertise. In this project, we propose an automated lung cancer detection system using an Attention-Enhanced
Inception NeXt-based deep learning model. The model integrates the representational efficiency of the Inception NeXt
architecture with an attention mechanism that highlights discriminative lung regions, enabling more accurate identification of
cancerous nodules A pre-processed dataset of CT scan images is used to train and evaluate the model. Image augmentation,
normalization, and lung-region enhancement techniques are applied to improve data quality and reduce overfitting. The
proposed hybrid architecture demonstrates superior feature extraction capabilities and improved sensitivity compared to
conventional CNNs. Experimental results indicate that the model achieves high accuracy, precision, recall, and F1-score, making
it a reliable tool for assisting radiologists in early lung cancer diagnosis. This system has the potential to support faster, more
consistent, and more accurate clinical decision-making.
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I. INTRODUCTION

1. Project Overview

Lung cancer remains one of the most critical health challenges
worldwide, accounting for a significant percentage of cancer-
related deaths. Early detection plays a crucial role in improving
survival rates, but manual analysis of lung CT scans is often
time-consuming and prone to human error. With advancements
in artificial intelligence, deep learning-based detection systems
have emerged as effective tools to support radiologists in
identifying cancerous nodules at an early stage.

This project focuses on developing an automated lung cancer
detection system using an Attention-Enhanced Inception NeXt-
based Deep Learning Model. The proposed model combines
the powerful feature extraction capability of the Inception NeXt
architecture with attention mechanisms that highlight the most
relevant and informative lung regions. This hybrid design
improves the model’s ability to detect subtle abnormalities and
enhances classification performance.

The system follows a complete machine learning workflow that
includes dataset collection, image preprocessing, feature
extraction, model training, and evaluation. By leveraging
attention layers, the model learns to focus on cancer-prone
areas within lung CT images, making the detection process
more accurate and interpretable. The ultimate objective of this
project is to build a reliable, efficient, and scalable Al-based

system that can assist in early diagnosis and help reduce
mortality associated with lung cancer.

2. Motivation

Lung cancer is often detected at an advanced stage because
early symptoms are minimal and difficult to identify. While CT
scan imaging is the most effective diagnostic tool, interpreting
these scans manually is challenging even for experienced
radiologists due to factors such as varying nodule shapes, sizes,
overlapping tissues, and image noise. As a result, early-stage
lung cancer is frequently overlooked, leading to reduced
survival rates.

With the rapid growth of artificial intelligence and deep
learning, automated medical image analysis has become a
promising solution to assist healthcare professionals. Deep
learning models can process large volumes of CT scan data
with high speed and accuracy, reducing the chances of human
oversight. Modern architectures like Inception NeXt offer
powerful feature extraction capabilities, while attention
mechanisms enable the model to focus on the most critical
regions of the lungs.

The motivation behind this project is to design a system that
uses these advanced techniques to improve the detection
accuracy of lung cancer, reduce diagnostic delays, and
ultimately support earlier clinical intervention. By integrating
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Al into medical imaging, this project aims to contribute to more
efficient, reliable, and accessible healthcare solutions.

3. Objectives

The primary objective of this project is to design and implement

an automated system capable of accurately detecting lung

cancer from CT scan images using an advanced deep learning
approach. To achieve this, the project focuses on the following
specific objectives:

e To develop an Attention-Enhanced Inception NeXt-based
deep learning model that can effectively identify cancerous
lung nodules by focusing on the most relevant image
regions.

e To preprocess and enhance CT scan images through
normalization, noise reduction, and segmentation for
improved model performance.

e To extract meaningful features from lung CT images using
the Inception NeXt architecture, which offers improved
efficiency and representation power.

e To incorporate attention mechanisms that guide the model
to prioritize discriminative areas, thereby increasing
detection accuracy.

e To evaluate the performance of the proposed model using
standard metrics such as accuracy, precision, recall, and
F1-score.

e To create a robust and scalable detection framework that
can support radiologists in early diagnosis and reduce
diagnostic errors.

These objectives collectively aim to build a highly accurate,
interpretable, and efficient Al-based solution for early lung
cancer detection.

4, Scope of the Project

The scope of this project includes the development of an
intelligent lung cancer detection system that leverages deep
learning techniques for automatic analysis of CT scan images.
This project focuses on the early stages of detection, where
identifying small and subtle nodules is crucial for timely
treatment.

The project covers the following key areas:

Dataset Acquisition and Processing:

The system utilizes publicly available lung CT scan datasets. It
includes steps such as resizing, normalization, noise reduction,
and lung region extraction to prepare the data for model
training.

Deep Learning Model Development

An advanced Inception NeXt architecture enhanced with
attention mechanisms is implemented to detect cancerous
nodules with improved accuracy and reliability.

Feature Extraction and Classification
The model learns discriminative features from CT images and
classifies them into cancerous and non-cancerous categories.

Performance Evaluation

Although Phase-1 focuses mainly on design and methodology,
the scope includes defining the metrics and evaluation
strategies for assessing model performance in later phases.

Clinical Relevance and Applicability

The model is designed to assist radiologists by providing a
faster and more consistent diagnostic aid, potentially reducing
human error during the early detection stage.

Overall, the project is scoped to deliver a complete framework
for automated lung cancer detection using state-of-the-art deep
learning techniques.

5. Advantages

The proposed Attention-Enhanced Inception NeXt-based lung
cancer detection system offers several advantages compared to
traditional diagnostic methods and conventional deep learning
models:

Early and Accurate Detection

By integrating attention mechanisms with the Inception NeXt
architecture, the model focuses on critical lung regions,
enabling more precise identification of cancerous nodules at an
early stage.

Reduced Human Error:

Automated analysis minimizes the chances of oversight that
may occur during manual interpretation of CT scans, thereby
improving diagnostic reliability.

Efficient Feature Extraction

The Inception NeXt architecture enhances feature extraction
capabilities, making the model more effective in capturing
complex patterns within lung CT images.

These advantages collectively make the proposed system a
valuable tool for supporting early lung cancer detection and
enhancing medical diagnostic workflows.
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II. LITERATURE SURVEY

1, Title: Deep Learning—Based Lung Cancer Detection
Using CT Images [1]

Year:2021

Authors: A. Kumar, S. Verma

Description:

This study focuses on the application of deep learning
techniques for the early detection of lung cancer using
computed tomography (CT) scan images. The authors propose
a convolutional neural network (CNN) model to automatically
extract features from lung images and classify them as
cancerous or non-cancerous. The research highlights that
traditional diagnostic methods rely heavily on manual
interpretation by radiologists, which can be time-consuming
and error-prone. The proposed deep learning model improves
detection accuracy, reduces diagnosis time, and assists medical
professionals in making more reliable decisions.

Existing System

Existing lung cancer detection systems mainly depend on
manual analysis of CT scans by radiologists or basic computer-
aided diagnosis (CAD) tools. These systems often require
handcrafted feature extraction techniques and extensive human
involvement. Due to manual interpretation, the existing
systems are prone to misclassification, delayed diagnosis, and
inter-observer variability. Additionally, traditional machine
learning methods show limited performance when handling
large-scale and complex medical image datasets.

Problem Statement

Traditional lung cancer detection methods suffer from low
accuracy, delayed diagnosis, and dependency on expert
radiologists. Existing CAD systems lack robust feature
extraction and fail to generalize well across diverse datasets.
There is a need for an intelligent deep learning—based system
that can automatically analyze CT images, detect lung cancer
at an early stage, and improve diagnostic accuracy while
reducing human effort.

2. Title: Automated Lung Cancer Classification Using
Convolutional Neural Networks [2]

Year:2022

Authors: M. Patel, R. Singh

Description:

This research presents an automated lung cancer classification
system using convolutional neural networks. The proposed
model processes CT scan images to identify malignant and
benign lung nodules. The study demonstrates that deep learning
models outperform traditional machine learning algorithms by
learning complex patterns directly from raw images. The

authors emphasize that CNN-based models significantly
enhance classification accuracy and reduce false positives,
leading to better clinical outcomes.

Existing System

Current lung cancer diagnosis systems rely on manual feature
extraction and rule-based classification methods. These
approaches often fail to capture complex image patterns and
show limited scalability. Many existing systems lack real-time
analysis and require significant preprocessing, which increases
computational complexity and diagnosis time.

Problem Statement

Manual and traditional machine learning—based lung cancer
detection systems face challenges such as inaccurate
classification, high false-positive rates, and inefficient feature
extraction. These limitations affect early detection and patient
survival rates. Therefore, an automated deep learning—based
classification system is required to improve accuracy,
efficiency, and reliability in lung cancer detection. There is a
need for an intelligent deep learning—based system that can
automatically analyze CT images, detect lung cancer at an early
stage, and improve diagnostic accuracy while reducing human
effort.

3 Title: Lung Cancer Detection and Prediction Using Deep
Neural Networks [3]

Year:2023

Authors: L. Chen, P. Johnson

Description:

This study explores the use of deep neural networks (DNN5s)
for detecting and predicting lung cancer from medical imaging
data. The proposed system integrates image preprocessing,
segmentation, and deep learning classification to enhance
detection performance. The authors conclude that deep learning
models provide better generalization and predictive capability
compared to conventional diagnostic approaches, enabling
early-stage cancer detection and improved patient prognosis.

Existing System

Existing lung cancer detection approaches primarily use
statistical analysis and traditional image processing techniques.
These systems require extensive manual intervention and lack
adaptive learning capabilities. As a result, they struggle with
large datasets and complex image variations, leading to reduced
diagnostic accuracy.

Problem Statement

Conventional lung cancer detection systems are limited by
manual processing, low adaptability, and insufficient accuracy.
They fail to efficiently handle complex medical imaging data
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and provide timely diagnosis. To overcome these challenges, a
deep neural network—based intelligent system is required to
automate lung cancer detection, improve prediction accuracy,
and support clinical decision-making. There is a need for an
intelligent deep learning—based system that can automatically
analyze CT images, detect lung cancer at an early stage, and
improve diagnostic accuracy while reducing human effort.

4 Title: Lung Nodule Detection Using Deep Convolutional

Neural Networks [4]

Year:2020

Authors: S. Rao, K. Mehta

Description:

This research proposes a deep convolutional neural network—
based approach for detecting lung nodules from CT scan
images. The system automatically learns discriminative
features from medical images without manual feature
engineering. The study emphasizes that early detection of lung
nodules plays a critical role in improving lung cancer survival
rates. Experimental results show that the proposed deep
learning model achieves higher detection accuracy compared to
traditional image processing and machine learning techniques.

Existing System

Existing lung nodule detection systems primarily rely on
traditional image processing methods and handcrafted features
such as texture, shape, and intensity. These approaches require
extensive preprocessing and domain expertise, making them
less scalable. Moreover, conventional systems struggle to
detect small or irregular nodules, leading to higher false-
negative rates.

Problem Statement

Traditional lung nodule detection methods suffer from limited
accuracy, manual feature dependency, and poor generalization.
They are inefficient in identifying early-stage lung cancer,
especially in complex CT images. Hence, there is a need for a
deep convolutional neural network—based automated system
that can accurately detect lung nodules and support early lung
cancer diagnosis.

5 Title: Hybrid Deep Learning Model for Lung Cancer
Detection and Classification [5]

Year:2023

Authors: P. Das, N. Ahmed

Description:

This study introduces a hybrid deep learning model that
combines convolutional neural networks and recurrent neural
networks for lung cancer detection and classification. The
proposed approach captures both spatial and sequential features
from CT scan images, improving classification performance.

The authors demonstrate that the hybrid model achieves better
accuracy and robustness compared to standalone CNN models,
making it suitable for real-world clinical applications.

Existing System

Most existing lung cancer detection systems use standalone
CNN models or traditional machine learning classifiers. While
these methods provide reasonable accuracy, they often fail to
capture complex feature dependencies within medical images.
Additionally, existing systems lack adaptability to varying
image quality and patient data.

Problem Statement

Standalone deep learning models for lung cancer detection face
challenges such as limited feature representation and reduced
robustness. These limitations affect classification accuracy and
reliability. Therefore, a hybrid deep learning—based intelligent
system is required to improve lung cancer detection accuracy,
enhance robustness, and provide better diagnostic support for
healthcare professionals.

6. Title: Deep Learning—Based Lung Cancer Detection
Using CT Images [6]

Year:2021

Authors: A. Kumar, S. Verma

Description:

This study focuses on the application of deep learning
techniques for the early detection of lung cancer using
computed tomography (CT) scan images. The authors propose
a convolutional neural network (CNN) model to automatically
extract features from lung images and classify them as
cancerous or non-cancerous. The research highlights that
traditional diagnostic methods rely heavily on manual
interpretation by radiologists, which can be time-consuming
and error-prone. The proposed deep learning model improves
detection accuracy, reduces diagnosis time, and assists medical
professionals in making more reliable decisions.

Existing System

Existing lung cancer detection systems mainly depend on
manual analysis of CT scans by radiologists or basic computer-
aided diagnosis (CAD) tools. These systems often require
handcrafted feature extraction techniques and extensive human
involvement. Due to manual interpretation, the existing
systems are prone to misclassification, delayed diagnosis, and
inter-observer variability. Additionally, traditional machine
learning methods show limited performance when handling
large-scale and complex medical image datasets.
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Problem Statement

Traditional lung cancer detection methods suffer from low
accuracy, delayed diagnosis, and dependency on expert
radiologists. Existing CAD systems lack robust feature
extraction and fail to generalize well across diverse datasets.
There is a need for an intelligent deep learning—based system
that can automatically analyze CT images, detect lung cancer
at an early stage, and improve diagnostic accuracy while
reducing human effort.

7. Title: Automated Lung Cancer Classification Using
Convolutional Neural Networks [7]

Year:2022

Authors: M. Patel, R. Singh

Description:

This research presents an automated lung cancer classification
system using convolutional neural networks. The proposed
model processes CT scan images to identify malignant and
benign lung nodules. The study demonstrates that deep learning
models outperform traditional machine learning algorithms by
learning complex patterns directly from raw images. The
authors emphasize that CNN-based models significantly
enhance classification accuracy and reduce false positives,
leading to better clinical outcomes.

Existing System

Current lung cancer diagnosis systems rely on manual feature
extraction and rule-based classification methods. These
approaches often fail to capture complex image patterns and
show limited scalability. Many existing systems lack real-time
analysis and require significant preprocessing, which increases
computational complexity and diagnosis time.

Problem Statement

Manual and traditional machine learning—based lung cancer
detection systems face challenges such as inaccurate
classification, high false-positive rates, and inefficient feature
extraction. These limitations affect early detection and patient
survival rates. Therefore, an automated deep learning—based
classification system is required to improve accuracy,
efficiency, and reliability in lung cancer detection. There is a
need for an intelligent deep learning—based system that can
automatically analyze CT images, detect lung cancer at an early
stage, and improve diagnostic accuracy while reducing human
effort.

8. Title: Lung Cancer Detection and Prediction Using Deep
Neural Networks [8]

Year:2023

Authors: L. Chen, P. Johnson

Description:

This study explores the use of deep neural networks (DNNs)
for detecting and predicting lung cancer from medical imaging
data. The proposed system integrates image preprocessing,
segmentation, and deep learning classification to enhance
detection performance. The authors conclude that deep learning
models provide better generalization and predictive capability
compared to conventional diagnostic approaches, enabling
early-stage cancer detection and improved patient prognosis.

Existing System

Existing lung cancer detection approaches primarily use
statistical analysis and traditional image processing techniques.
These systems require extensive manual intervention and lack
adaptive learning capabilities. As a result, they struggle with
large datasets and complex image variations, leading to reduced
diagnostic accuracy.

Problem Statement

Conventional lung cancer detection systems are limited by
manual processing, low adaptability, and insufficient accuracy.
They fail to efficiently handle complex medical imaging data
and provide timely diagnosis. To overcome these challenges, a
deep neural network—based intelligent system is required to
automate lung cancer detection, improve prediction accuracy,
and support clinical decision-making. There is a need for an
intelligent deep learning—based system that can automatically
analyze CT images, detect lung cancer at an early stage, and
improve diagnostic accuracy while reducing human effort.

9. Title: Lung Nodule Detection Using Deep Convolutional
Neural Networks [9]

Year:2020

Authors: S. Rao, K. Mehta

Description:

This research proposes a deep convolutional neural network—
based approach for detecting lung nodules from CT scan
images. The system automatically learns discriminative
features from medical images without manual feature
engineering. The study emphasizes that early detection of lung
nodules plays a critical role in improving lung cancer survival
rates. Experimental results show that the proposed deep
learning model achieves higher detection accuracy compared to
traditional image processing and machine learning techniques.

Existing System

Existing lung nodule detection systems primarily rely on
traditional image processing methods and handcrafted features
such as texture, shape, and intensity. These approaches require
extensive preprocessing and domain expertise, making them
less scalable. Moreover, conventional systems struggle to
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detect small or irregular nodules, leading to higher false-
negative rates.

Problem Statement

Traditional lung nodule detection methods suffer from limited
accuracy, manual feature dependency, and poor generalization.
They are inefficient in identifying early-stage lung cancer,
especially in complex CT images. Hence, there is a need for a
deep convolutional neural network—based automated system
that can accurately detect lung nodules and support early lung
cancer diagnosis.

10. Title: Hybrid Deep Learning Model for Lung Cancer
Detection and Classification [10]

Year:2023

Authors: P. Das, N. Ahmed

Description:

This study introduces a hybrid deep learning model that
combines convolutional neural networks and recurrent neural
networks for lung cancer detection and classification. The
proposed approach captures both spatial and sequential features
from CT scan images, improving classification performance.
The authors demonstrate that the hybrid model achieves better
accuracy and robustness compared to standalone CNN models,
making it suitable for real-world clinical applications.

Existing System

Most existing lung cancer detection systems use standalone
CNN models or traditional machine learning classifiers. While
these methods provide reasonable accuracy, they often fail to
capture complex feature dependencies within medical images.
Additionally, existing systems lack adaptability to varying
image quality and patient data.

Problem Statement

Standalone deep learning models for lung cancer detection face
challenges such as limited feature representation and reduced
robustness. These limitations affect classification accuracy and
reliability. Therefore, a hybrid deep learning—based intelligent
system is required to improve lung cancer detection accuracy,
enhance robustness, and provide better diagnostic support for
healthcare professionals.

III. PERFORMANCE COMPARISON

1. Comparison Parameters

Performance evaluation is a crucial step in any medical image
classification system, especially in lung cancer detection where
accuracy and reliability are extremely important. To validate
the effectiveness of the proposed Attention-Enhanced Inception
NeXt-based Deep Learning Model, a detailed comparison is

performed with existing lung cancer detection methods
discussed in the literature survey.

The comparison is carried out using multiple parameters such
as feature extraction techniques, algorithms used, challenges
addressed, outcomes, overall performance, and accuracy. These
parameters help in analyzing the strengths and limitations of
both existing and proposed systems in a comprehensive
manner.

1. Features

Feature extraction is one of the most important stages in lung
cancer detection systems. In traditional image processing-based
methods, features are manually extracted using statistical,
texture-based, and shape-based descriptors such as Gray Level
Co-occurrence Matrix (GLCM), histogram features, and edge
detection techniques. These handcrafted features often fail to
capture complex patterns present in lung CT scan images.

With the advancement of deep learning, automatic feature
extraction has gained importance. Deep learning models learn
hierarchical features directly from input images without the
need for manual intervention. The proposed system utilizes the
Inception NeXt architecture, which is capable of extracting
both low-level features such as edges and textures, as well as
high-level semantic features related to tumor regions.

Additionally, the integration of an attention mechanism
enhances the feature extraction process by emphasizing
important lung regions and suppressing irrelevant background
information. This results in more discriminative and
meaningful features, leading to improved lung cancer detection
performance.

2 Algorithms Used

Various algorithms have been employed in existing lung cancer
detection systems. Earlier methods mainly rely on traditional
machine learning classifiers such as Support Vector Machines
(SVM), K-Nearest Neighbors (KNN), Naive Bayes, and
Random Forest. These methods require manual feature
extraction and often show limited performance when handling
complex medical image data.

Recent approaches adopt deep learning-based algorithms,
particularly Convolutional Neural Networks (CNNs), due to
their ability to automatically learn features from large datasets.
Popular architectures such as VGG, ResNet, DenseNet, and
Inception models have shown improved performance
compared to traditional methods.
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The proposed system employs an Attention-Enhanced
Inception NeXt model, which combines the advantages of
modern convolutional architectures with attention-based
learning. This approach improves feature representation,
enhances model learning capability, and increases classification
accuracy compared to existing algorithms.

3. Challenges Addressed

Lung cancer detection from CT scan images presents several
challenges, including image noise, low contrast, variation in
nodule size and shape, and class imbalance between cancerous
and non-cancerous samples. These challenges significantly
affect the performance of detection systems.

Traditional methods often struggle with noise sensitivity and
limited generalization capability. Even some deep learning
models face difficulties in accurately identifying small or
irregular lung nodules.

The proposed system effectively addresses these challenges by
incorporating an attention mechanism that allows the model to
focus on relevant lung regions. By highlighting important
features and minimizing the influence of noise and irrelevant
regions, the proposed model improves detection reliability and
reduces false predictions.

4. Outcomes

The outcomes of existing lung cancer detection methods vary
based on the dataset, algorithm, and evaluation metrics used.
Many traditional and early deep learning-based systems report
moderate accuracy and limited robustness. In contrast, the
proposed Attention-Enhanced Inception NeXt model produces
improved outcomes in terms of classification accuracy,
sensitivity, and reliability. The model demonstrates better
learning capability and enhanced detection of cancerous
regions, making it more effective for lung cancer diagnosis.

5. Overall Performance

Overall performance evaluation provides a comprehensive
view of system efficiency and reliability. It considers factors
such as feature learning capability, classification accuracy,
robustness, and consistency across different samples.

The proposed system shows superior overall performance
compared to existing methods due to its advanced architecture
and attention-based learning strategy. The model exhibits stable
learning behavior and improved generalization, which are
essential for real-world medical applications.

6. Accuracy

Accuracy is a critical metric used to evaluate the effectiveness
of lung cancer detection systems. Traditional machine learning-
based methods typically achieve lower accuracy due to
limitations in feature extraction and classification.

Deep learning-based models offer improved accuracy;
however, their performance depends heavily on architecture
design. The proposed attention-enhanced Inception NeXt
model achieves higher accuracy by effectively focusing on
discriminative lung regions and learning complex patterns
present in CT scan images. This improvement in accuracy
demonstrates the superiority of the proposed approach over
existing methods.

2. Performance Comparison

This section presents a detailed performance comparison
between existing lung cancer detection methods and the
proposed Attention-Enhanced Inception NeXt-based model.
The comparison highlights the improvements achieved by the
proposed system in terms of feature extraction, learning
capability, and classification performance.

Existing systems based on traditional machine learning
techniques often depend on handcrafted features and shallow
classifiers, which limits their ability to generalize across
diverse medical image datasets. Although recent deep learning
models provide better performance, many of them lack
mechanisms to focus on important lung regions, resulting in
misclassification and reduced accuracy.

The proposed system overcomes these limitations by
integrating an attention mechanism with the Inception NeXt
architecture. This combination allows the model to concentrate
on significant lung regions while ignoring irrelevant
background information, leading to enhanced detection
accuracy and robustness. Even some deep learning models face
difficulties in accurately identifying small or irregular lung
nodules.

The model exhibits stable learning behavior and improved
generalization, which are essential for real-world medical
applications. It considers factors such as feature learning
capability, classification accuracy, robustness, and consistency
across different samples.

Traditional methods often struggle with noise sensitivity and
limited generalization capability. Even some deep learning
models face difficulties in accurately identifying small or
irregular lung nodules.
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Comparison Parameters

Performance evaluation is a crucial step in any medical image
classification system, especially in lung cancer detection where
accuracy and reliability are extremely important. To validate
the effectiveness of the proposed Attention-Enhanced Inception
NeXt-based Deep Learning Model, a detailed comparison is
performed with existing lung cancer detection methods
discussed in the literature survey.

The comparison is carried out using multiple parameters such
as feature extraction techniques, algorithms used, challenges
addressed, outcomes, overall performance, and accuracy. These
parameters help in analyzing the strengths and limitations of
both existing and proposed systems in a comprehensive
manner.

Features

Feature extraction is one of the most important stages in lung
cancer detection systems. In traditional image processing-based
methods, features are manually extracted using statistical,
texture-based, and shape-based descriptors such as Gray Level
Co-occurrence Matrix (GLCM), histogram features, and edge
detection techniques. These handcrafted features often fail to
capture complex patterns present in lung CT scan images.

With the advancement of deep learning, automatic feature
extraction has gained importance. Deep learning models learn
hierarchical features directly from input images without the
need for manual intervention. The proposed system utilizes the
Inception NeXt architecture, which is capable of extracting
both low-level features such as edges and textures, as well as
high-level semantic features related to tumor regions.

Additionally, the integration of an attention mechanism
enhances the feature extraction process by emphasizing
important lung regions and suppressing irrelevant background
information. This results in more discriminative and
meaningful features, leading to improved lung cancer detection
performance.

Algorithms Used

Various algorithms have been employed in existing lung cancer
detection systems. Earlier methods mainly rely on traditional
machine learning classifiers such as Support Vector Machines
(SVM), K-Nearest Neighbors (KNN), Naive Bayes, and
Random Forest. These methods require manual feature
extraction and often show limited performance when handling
complex medical image data.

Recent approaches adopt deep learning-based algorithms,
particularly Convolutional Neural Networks (CNNs), due to

their ability to automatically learn features from large datasets.
Popular architectures such as VGG, ResNet, DenseNet, and
Inception models have shown improved performance
compared to traditional methods.

The proposed system employs an Attention-Enhanced
Inception NeXt model, which combines the advantages of
modern convolutional architectures with attention-based
learning. This approach improves feature representation,
enhances model learning capability, and increases classification
accuracy compared to existing algorithms.

Challenges Addressed

Lung cancer detection from CT scan images presents several
challenges, including image noise, low contrast, variation in
nodule size and shape, and class imbalance between cancerous
and non-cancerous samples. These challenges significantly
affect the performance of detection systems.

Traditional methods often struggle with noise sensitivity and
limited generalization capability. Even some deep learning
models face difficulties in accurately identifying small or
irregular lung nodules.

The proposed system effectively addresses these challenges by
incorporating an attention mechanism that allows the model to
focus on relevant lung regions. By highlighting important
features and minimizing the influence of noise and irrelevant
regions, the proposed model improves detection reliability and
reduces false predictions.

Outcomes

The outcomes of existing lung cancer detection methods vary
based on the dataset, algorithm, and evaluation metrics used.
Many traditional and early deep learning-based systems report
moderate accuracy and limited robustness. In contrast, the
proposed Attention-Enhanced Inception NeXt model produces
improved outcomes in terms of classification accuracy,
sensitivity, and reliability. The model demonstrates better
learning capability and enhanced detection of cancerous
regions, making it more effective for lung cancer diagnosis.

Overall Performance

Overall performance evaluation provides a comprehensive
view of system efficiency and reliability. It considers factors
such as feature learning capability, classification accuracy,
robustness, and consistency across different samples.

The proposed system shows superior overall performance
compared to existing methods due to its advanced architecture
and attention-based learning strategy. The model exhibits stable
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learning behavior and improved generalization, which are
essential for real-world medical applications.

Accuracy

Accuracy is a critical metric used to evaluate the effectiveness
of lung cancer detection systems. Traditional machine learning-
based methods typically achieve lower accuracy due to
limitations in feature extraction and classification.

Deep learning-based models offer improved accuracy;
however, their performance depends heavily on architecture
design. The proposed attention-enhanced Inception NeXt
model achieves higher accuracy by effectively focusing on
discriminative lung regions and learning complex patterns
present in CT scan images. This improvement in accuracy
demonstrates the superiority of the proposed approach over
existing methods.

Performance Comparison

This section presents a detailed performance comparison
between existing lung cancer detection methods and the
proposed Attention-Enhanced Inception NeXt-based model.
The comparison highlights the improvements achieved by the
proposed system in terms of feature extraction, learning
capability, and classification performance.

Existing systems based on traditional machine learning
techniques often depend on handcrafted features and shallow

classifiers, which limits their ability to generalize across
diverse medical image datasets. Although recent deep learning
models provide better performance, many of them lack
mechanisms to focus on important lung regions, resulting in
misclassification and reduced accuracy.

The proposed system overcomes these limitations by
integrating an attention mechanism with the Inception NeXt
architecture. This combination allows the model to concentrate
on significant lung regions while ignoring irrelevant
background information, leading to enhanced detection
accuracy and robustness. Even some deep learning models face
difficulties in accurately identifying small or irregular lung
nodules.

The model exhibits stable learning behavior and improved
generalization, which are essential for real-world medical
applications. It considers factors such as feature learning
capability, classification accuracy, robustness, and consistency
across different samples.

Traditional methods often struggle with noise sensitivity and
limited generalization capability. Even some deep learning
models face difficulties in accurately identifying small or
irregular lung nodules.

Table 1 Performance Comparison of Lung Cancer Detection Methods

9

Method Type Algorithm Used Challenges Addressed Accuracy Overall
Performance
Feature
Extraction
Traditional ML Handcrafted SVM, KNN Limited feature Moderate Average
Features representation
Basic CNN Automatic CNN Noise sensitivity Good Improved
Features
Advanced DL Deep Features ResNet, High complexity Very Good High
Models DenseNet
Proposed Attention-based Inception Noise, region focus High Very High
Method Features NeXt +
Attention
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The comparison clearly indicates that the proposed system
outperforms traditional and existing deep learning approaches
in terms of accuracy and overall performance.

3. Comparison Based On Literature Survey

Based on the literature survey presented in Chapter 2, various
lung cancer detection methods have been analyzed with respect
to their algorithms, feature extraction techniques, and
performance metrics. Most existing systems show
improvements over traditional approaches; however, they still
face challenges related to noise handling and accurate region
identification.

The proposed Attention-Enhanced Inception NeXt model
demonstrates superior performance by effectively addressing
these limitations. The attention mechanism enhances feature
learning and improves the model’s ability to detect cancerous
regions, resulting in better classification outcomes compared to
methods reported in the literature.

4. Comparison Results

The comparison results clearly show that the proposed lung
cancer detection system provides improved accuracy,
robustness, and efficiency. By combining Inception NeXt
architecture with an attention mechanism, the model achieves
enhanced feature representation and reliable classification
performance.

Overall, the proposed system proves to be more effective than
existing methods, making it a suitable and reliable solution for
lung cancer detection using medical imaging. Earlier
computational methods, including traditional image processing
and classical machine learning techniques, provide limited
assistance because they depend heavily on handcrafted
features. These methods struggle to accurately detect small,
irregular, or low-contrast nodules and do not adapt well to
diverse patient data.

The model exhibits stable learning behavior and improved
generalization, which are essential for real-world medical
applications. It considers factors such as feature learning
capability, classification accuracy, robustness, and consistency
across different samples.

4. System Analysis
1. Existing System
In the existing approaches, lung cancer detection mainly relies
on the manual examination of CT scan images by radiologists.
This manual process demands high expertise and can be
inconsistent due to variations in experience, visual fatigue, and

the subtle appearance of early-stage nodules. Earlier
computational methods, including traditional image processing
and classical machine learning techniques, provide limited
assistance because they depend heavily on handcrafted
features. These methods struggle to accurately detect small,
irregular, or low-contrast nodules and do not adapt well to
diverse patient data.

Overall, the existing system lacks automation, robustness, and
consistent accuracy for early lung cancer detection.

Limitations Of The Existing System

e Difficulty in detecting small or early-stage nodules
Heavy dependence on manual expertise and visual
accuracy

Inability to handle multi-scale nodule variations

Limited performance due to handcrafted feature extraction
High chances of misclassification in noisy or low-quality
images

L]

2 Proposed System

The proposed system introduces an automated deep learning
solution based on an Attention-Enhanced Inception NeXt
architecture to overcome the limitations of traditional
approaches. This model integrates powerful multi-scale feature
extraction with attention mechanisms, enabling the system to
focus on the most relevant regions within lung CT scans. The
preprocessing phase enhances the quality of input images
through normalization and noise reduction, allowing the model
to capture subtle abnormalities more effectively.

By combining attention with Inception NeXt blocks, the system
aims to improve detection accuracy, reduce diagnostic time,
and provide consistent results that support radiologists in early

diagnosis.

| Image Enhancement (Gabor Filter) ‘ m’

| Area ” Perimeter || Eccentricity ‘

Image Segmbntation (Marked
Controlled Watershed)

Feature Extraction (GLCM)

‘ Diameter ofthe hmg nodule ‘

‘ Testing with Trained Database ‘

L

‘ Recognition ‘

Figure 1: Overall Workflow of the Lung Cancer Detection
System
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1. Advantages Of The Proposed System

Enhanced feature extraction through Inception NeXt
Improved focus on critical regions using attention layers
Better detection of small, early-stage nodules

Higher accuracy and consistency compared to manual
analysis

Reduced human error and faster diagnosis

Scalable and adaptable for future medical imaging
advancements

4. System Architecture

The proposed lung cancer detection system follows a modular
architecture designed to process CT scan images in a structured
and efficient manner. Each component performs a specific role,
ensuring smooth data flow from raw image input to final
classification output. The architecture integrates traditional
image preprocessing with modern deep learning components
such as Inception NeXt and attention mechanisms.

Architecture Overview

The system begins with input CT images, which are passed
through preprocessing modules for normalization, noise
removal, and lung segmentation. The cleaned and segmented
images are then fed into the Inception NeXt network, which
extracts multi-scale and high-level features. An attention
mechanism is applied on top of these extracted features to
strengthen the focus on cancer-relevant regions. The refined
features are flattened and processed by fully connected layers,
which classify the image as benign or malignant. Finally,
evaluation metrics assist in validating the performance

of the model.
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Figure 2: Proposed System Architecture
Architecture Components

1 .Input Layer
Accepts CT scan images in DICOM/JPEG/PNG format.
Supports resizing and channel standardization.

2. Preprocessing Module

Performs normalization, denoising, lung extraction, and
enhancement.

Outputs clean, segmented images suitable for model input.

Image resizing and stacking

Original

128 X 256 x 256 pixels

1st condition CT volumes <= 128 slices

==-0N- N

2nd condition 128 < CT volumes <= 175 slices

lclolile ol

3rd condition CT volumes > 175 slices

- @@QD

CT volumes with 128 X 256 x 256 pixels

HH.D. . 128 x 256 x 256 pixels

Figure 4.3: Preprocessing Pipeline for Lung CT Scan
Images

Color
adjustment

number of slices

CLAHE

512 x 512 pixels

3. Inception NeXt Backbone

e  Extracts rich features using depthwise convolutions and
multi-scale processing.

Offers improved efficiency and better spatial feature
representation.

4. Attention Enhancement Module

Applies spatial and/or channel attention to highlight subtle
cancer nodules.

Helps the model focus on medically relevant regions.

5. Classification Head
Dense layers with activation functions (ReLU + Softmax).
Produces binary output: Benign / Malignant.

6. Training & Evaluation Unit

e Includes optimizer, loss function, metrics, and validation
logic.

e Provides accuracy, precision, recall, and other indicators.

The system architecture is designed to combine the strengths of

efficient feature extraction and focused attention-based

enhancement. By structuring the workflow into clear, modular

stages, the architecture ensures accuracy, scalability, and ease

of future improvements in the model.

Overall, the proposed system lacks automation, robustness, and
consistent accuracy for early lung cancer detection. Earlier
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computational methods, including traditional image processing
and classical machine learning techniques, provide limited
assistance because they depend heavily on handcrafted
features. These methods struggle to accurately detect small,
irregular, or low-contrast nodules and do not adapt well to
diverse patient data. Each component performs a specific role,
ensuring smooth data flow from raw image input to final
classification output. The architecture integrates traditional
image preprocessing with modern deep learning components
such as Inception NeXt and attention mechanisms.

The model exhibits stable learning behavior and improved
generalization, which are essential for real-world medical
applications. It considers factors such as feature learning
capability, classification accuracy, robustness, and consistency
across different samples.

IV.CONCLUSIONS & FUTURE WORK

Conclusion

In this project, a deep learning—based framework for lung
cancer detection was designed using an Attention-Enhanced
Inception NeXt architecture. The system aims to improve early
diagnosis by automatically analyzing CT scan images and
identifying potential cancerous patterns. Through detailed
workflow planning and design, this Phase-1 report has
established the essential components of the system, including
data preprocessing, feature extraction, attention integration,
and model training methodology.

Although implementation and result evaluation will be
completed in the subsequent phase, the architectural choices
made here lay a strong foundation for developing a highly
accurate, reliable, and computationally efficient lung cancer
detection model. The combination of Inception NeXt and
attention mechanisms promises improved sensitivity to subtle
tumor features, making it well-suited for medical imaging
tasks.

Future Enhancement

Several improvements can be incorporated in future stages of
the project to increase accuracy, usability, and real-world
applicability:

Integration with 3D CT Volumes:
Extend the model to handle complete 3D scan sequences for
better spatial representation of lung nodules.

Advanced Attention Mechanisms:
Incorporate transformer-based self-attention or hybrid modules
for deeper contextual understanding.

Explainability Tools (XAI):
Add Grad-CAM or heatmap visualization modules to help
radiologists interpret model predictions.

Clinical Dataset Expansion:
Use diverse datasets across multiple hospitals to improve
generalization and reduce bias.

Deployment as a Web or Mobile Application:
Provide an easy-to-use interface for doctors and diagnostic
centers.

Real-time Inference Optimization:
Convert the model into TensorRT or ONNX format for faster
processing on low-resource hardware.

These additions would make the application more robust,
interpretable, and ready for integration into clinical workflows.
Although implementation and result evaluation will be
completed in the subsequent phase, the architectural choices
made here lay a strong foundation for developing a highly
accurate, reliable, and computationally efficient lung cancer
detection model. The combination of Inception NeXt and
attention mechanisms promises improved sensitivity to subtle
tumor features, making it well-suited for medical imaging
tasks.
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