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Abstract

Lung cancer is a leading cause of death worldwide due to late diagnosis and inefficient detection
methods. Accurate, early detection significantly improves patient outcomes. This paper presents a
hybrid method that combines image segmentation, threshold techniques, and a hybrid KNN-CNN
algorithm to enhance lung cancer image detection. The study examines existing segmentation and
machine learning methods, proposes a novel algorithm, and validates its performance using
benchmarks. The results demonstrate improved accuracy, sensitivity, and computational efficiency
compared to existing approaches.
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1. Introduction

Lung cancer is one of the most prevalent and deadly forms of cancer worldwide, claiming
millions of lives annually. Despite advancements in medical technology and oncology, early
detection remains a critical challenge. Early diagnosis significantly increases the chances of
successful treatment and survival, making it imperative to develop accurate, efficient, and
scalable diagnostic techniques. This study explores the application of advanced image
processing and machine learning methods for lung cancer detection, culminating in a novel
hybrid algorithm that integrates threshold-based segmentation and KNN-CNN classification
for enhanced diagnostic performance.

1.1 Background

Lung cancer poses a significant global health challenge, being the leading cause of cancer-
related deaths. According to the World Health Organization (WHO), lung cancer accounts for
approximately 2.2 million cases annually, with a five-year survival rate of less than 20% in
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most cases. This poor prognosis is often due to the late detection of the disease when it has
already progressed to advanced stages.

Traditional diagnostic methods include imaging techniques such as chest X-rays, computed
tomography (CT) scans, and biopsies. While these methods have been instrumental in lung
cancer diagnosis, they come with limitations. CT scans, though highly sensitive, often generate
false positives, leading to unnecessary follow-up procedures. Similarly, biopsies, while
definitive, are invasive and unsuitable for routine screening.

The advent of digital imaging and computational techniques has revolutionized medical
diagnostics. Image processing methods, combined with machine learning algorithms, offer
non-invasive, automated, and highly accurate diagnostic tools. These tools can analyze
complex imaging data, identify patterns indicative of malignancy, and provide a faster and
more reliable diagnosis. Techniques such as threshold segmentation, edge detection, and
convolutional neural networks (CNNs) have shown significant potential in lung cancer
detection. However, the current state-of-the-art approaches often focus on either segmentation
or classification, resulting in suboptimal performance. A hybrid method that synergizes these
techniques is necessary for more accurate and robust detection.

1.2 Problem Statement

Lung cancer detection is a multifaceted problem requiring the integration of diverse
technological and analytical capabilities. Current detection algorithms primarily focus on
isolated stages of the diagnostic process—segmentation or classification. While segmentation
techniques like thresholding and edge detection excel at identifying potential regions of
interest (ROIs) in lung images, they often lack the ability to differentiate between benign and
malignant nodules. On the other hand, classification algorithms such as support vector
machines (SVMs) and CNNs are adept at categorizing nodules but rely heavily on the quality
of segmented inputs.

This segmentation-classification dichotomy creates several challenges:

1. Limited Accuracy: Algorithms focusing on a single aspect fail to leverage
complementary information, resulting in reduced diagnostic accuracy.

2. False Positives and Negatives: Poorly segmented regions often lead to false-positive
detections, causing undue stress for patients and increasing healthcare costs.
Conversely, false negatives can delay treatment.

3. Computational Inefficiency: Separate execution of segmentation and classification
steps can be computationally expensive, making real-time implementation
challenging.

4. Scalability Issues: Existing methods often require extensive computational resources,
limiting their applicability in resource-constrained settings.

A hybrid approach that combines the strengths of segmentation and classification while
addressing their individual limitations is essential. Such a method would not only improve
detection accuracy but also enhance the interpretability, efficiency, and scalability of lung
cancer diagnostics.

Nanotechnology Perceptions 20 No. S15 (2024) 730-740



A Hybrid Method For Detection Of Lung... Ms. Rucha Alandikar et al. 732

1.3 Objectives

The primary goal of this study is to design, develop, and validate a hybrid method for lung
cancer detection that integrates advanced image segmentation techniques with machine
learning-based classification. The objectives are structured to address the limitations of
existing methods and to propose a comprehensive framework for improved diagnostic
performance.

1.

To Study and Analyse Segmentation and Machine Learning Techniques for Lung
Cancer Detection-

The first step involves an in-depth analysis of the existing literature and techniques in
the domain. This includes exploring image segmentation methods such as
thresholding, edge detection, and region growing, as well as machine learning
algorithms like K-Nearest Neighbors (KNN), Convolutional Neural Networks (CNN),
and their variants. The strengths and limitations of each method will be evaluated to
identify opportunities for improvement.

To Design an Edge- and Threshold-Based Detection Algorithm

Segmentation plays a pivotal role in isolating regions of interest (ROIs) in lung
images. This study aims to design a robust segmentation algorithm that combines
edge-based and threshold-based techniques. The edge-based method ensures precise
boundary detection, while the thresholding approach isolates regions based on
intensity differences. The hybrid segmentation algorithm will be designed to minimize
false positives and accurately capture potential nodules.

To Develop a Hybrid Method Integrating Threshold and KNN-CNN Algorithms

The proposed hybrid method will integrate the segmentation algorithm with a
classification framework combining KNN and CNN. KNN will serve as a lightweight,
interpretable classifier for initial nodule categorization, while CNN will refine these
predictions using deep hierarchical features. The hybrid KNN-CNN approach
leverages the simplicity of KNN for rapid initial classification and the power of CNN
for detailed and accurate refinement. This integration ensures that the final model
captures both macroscopic patterns and fine-grained features in lung images.

To Validate the Proposed Method Against Existing Techniques

The efficacy of the proposed hybrid method will be validated using publicly available
datasets such as LIDC-IDRI. Performance metrics, including accuracy, precision,
recall, Fl-score, and computational efficiency, will be compared against existing
methods. The proposed method's robustness will also be evaluated under varying
conditions, such as noise levels, image resolutions, and dataset sizes.

Scope of the Research

This research is expected to make significant contributions to the field of medical imaging and
machine learning by addressing critical challenges in lung cancer detection. The proposed
hybrid method has the potential to:
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o Enhance Early Detection: By combining segmentation and classification, the method
can identify cancerous nodules at an early stage, improving patient outcomes.

e Improve Diagnostic Accuracy: The hybrid approach minimizes false positives and
negatives, ensuring reliable detection.

e Streamline Clinical Workflows: Automated detection reduces the burden on
radiologists and accelerates the diagnostic process.

e Enable Real-Time Applications: The method's computational efficiency makes it
suitable for real-time implementations in clinical and mobile settings.

Conclusion

The introduction outlines the pressing need for advanced diagnostic tools in lung cancer
detection and establishes the foundation for the proposed hybrid method. By addressing the
limitations of existing techniques and leveraging the complementary strengths of threshold-
based segmentation and KNN-CNN classification, this research aims to develop a robust and
scalable solution for lung cancer detection. The subsequent sections delve deeper into the
methodology, experimental validation, and performance analysis of the proposed method.

2. Literature Review
2.1 Image Segmentation in Medical Imaging

Image segmentation plays a vital role in isolating regions of interest. Threshold-based methods
are efficient for binary segmentation but often fail in complex images.

2.2 Machine Learning in Lung Cancer Detection

Traditional ML algorithms like K-Nearest Neighbors (KNN) offer simplicity but are limited
by data dimensionality. Convolutional Neural Networks (CNNs) provide powerful feature
extraction but require significant computational resources.

2.3 Hybrid Techniques

Combining segmentation and ML techniques has shown promise in improving detection rates.
However, a robust integration of threshold methods with KNN-CNN remains unexplored.

3. Methodology

The methodology adopted for the proposed hybrid algorithm for lung cancer detection is a
systematic combination of advanced image processing, feature extraction, and machine
learning techniques. This section elaborates on the data preprocessing, segmentation, feature
extraction, and classification stages of the proposed algorithm, supported by a robust
framework to enhance detection accuracy.

3.1 Data Preprocessing

Data preprocessing is a critical step in image analysis that ensures the input data is clean,
standardized, and prepared for subsequent stages. In this study, computed tomography (CT)
scans from publicly available datasets, such as the Lung Image Database Consortium and
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Image Database Resource Initiative (LIDC-IDRI), were utilized. These datasets provide
annotated and well-structured data suitable for lung cancer detection research. The
preprocessing pipeline consists of several sub-steps:

1.

Image Normalization

Normalization adjusts pixel intensity values to a specific range, typically between 0
and 1, to ensure uniformity across all images. This reduces the impact of varying
lighting conditions or scanning parameters, enabling the algorithm to focus on
structural patterns of interest.

Mathematically, normalization can be expressed as:

I — min(T)
max(I) — min(T)

Tnormalized =

Resizing

Images were resized to a uniform dimension of 256x256256 \times 256256256
pixels to maintain consistency during feature extraction and classification. This
standardization reduces computational complexity and ensures compatibility with
convolutional neural network (CNN) layers.

Denoising

Medical images often contain noise, such as speckle or Gaussian noise, which can
obscure fine details. A median filter was employed to remove noise while preserving
edges, which are crucial for segmentation and feature extraction.
The median filter works by replacing each pixel's intensity with the median of its
neighbors, defined as:

I'(z,y) = median{I(z + i,y + j)}
where I'(z,y) is the denoised image and (i, j) represents the neighborhood window.

Contrast Enhancement

Contrast Limited Adaptive Histogram Equalization (CLAHE) was applied to enhance
image contrast. This technique adjusts local regions of the image, improving visibility
of lung nodules and other relevant structures without overamplifying noise.

3.2 Proposed Algorithm

The proposed hybrid algorithm integrates traditional image processing techniques with state-
of-the-art machine learning methods to detect lung cancer nodules with high accuracy. The
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methodology is divided into four stages: preprocessing, segmentation, feature extraction, and
classification.

3.2.1 Preprocessing

Preprocessing involves steps described in Section 3.1 to prepare the images for analysis. The
resulting images are free from noise, uniformly sized, and have enhanced contrast, ensuring
they are suitable for segmentation and feature extraction.

3.2.2 Segmentation

Segmentation is a critical step that isolates the lung region and nodules from the background.
This was achieved using threshold-based techniques. The goal is to separate regions of interest
based on intensity differences:

1. Thresholding

Thresholding partitions the image into foreground (lung nodules) and background
regions based on pixel intensity. The threshold value TTT was determined adaptively
using Otsu's method, which minimizes intra-class variance:

2

o(T) = 'LL-'l(T)JIf(T) + wng)J::;(T)

where w) and ws are class probabilities, and cr% and crg are variances for the foreground and
background, respectively.
2. Morphological Operations

Post-thresholding, morphological operations such as erosion and dilation were applied
to remove noise and fill gaps within segmented regions, ensuring a cleaner lung mask.

3. Edge-Based Segmentation

Edge-based techniques, such as the Canny edge detector, were used to outline lung
nodules precisely. The Canny method computes gradients to identify regions of rapid
intensity change, providing a boundary map of potential nodules.

3.2.3 Feature Extraction

Feature extraction involves isolating meaningful patterns and structures from segmented
images. The proposed method combines traditional edge-based techniques with advanced
CNN-based feature extraction.

1. Edge-Based Features

Features such as perimeter, area, and circularity of nodules were computed. These
geometric attributes provide initial insights into the shape and size of potential
cancerous regions.
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2. CNN Layers

A convolutional neural network (CNN) was employed to extract deep features,
capturing texture, density, and structural information from lung images. The CNN
architecture consisted of convolutional layers, pooling layers, and activation
functions:

o Convolutional Layers: Detect local patterns, such as nodule boundaries.
o Pooling Layers: Reduce spatial dimensions while retaining critical features.
o ReLU Activation: Introduce non-linearity to enhance model expressiveness.

The output of the CNN layer serves as a high-dimensional representation of the lung nodules,
ideal for classification.

3.2.4 Classification

Classification determines whether a nodule is benign or malignant. The proposed hybrid
approach employs K-Nearest Neighbors (KNN) for initial classification, followed by
refinement using CNN layers.

1. KNN Algorithm

KNN is a non-parametric classifier that assigns a class label based on the majority
vote of the kkk-nearest neighbors. The Euclidean distance metric was used to compute
similarity:

d(z,y) = Zf-‘ﬂe — y;)*
i=1
2. Refinement via CNN

The CNN further refines the classification by learning hierarchical features and
addressing misclassifications by KNN. The hybrid model combines the simplicity of
KNN with the sophistication of CNN, resulting in improved accuracy.

3. Hybrid KNN-CNN Approach

The final prediction is based on the ensemble of KNN and CNN outputs, leveraging
the strengths of both methods. The hybrid model addresses challenges such as feature
dimensionality and non-linear separability in the data.

Block Diagram
The overall methodology is illustrated in the block diagram below:

1. Input CT Image: Scanned lung images serve as input.
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2. Preprocessing: Includes normalization, resizing, denoising, and contrast enhancement.

3. Threshold-Based Segmentation: Identifies lung nodules.

4. Feature Extraction: Combines edge-based and CNN-derived features.

5. KNN-CNN Classification: Hybrid approach for accurate nodule classification.

6. Lung Cancer Prediction: Final output indicates whether cancer is detected.
Mathematical Validation

The performance of the proposed method was validated using standard metrics such as accuracy,

precision, recall, and F1-score. These metrics were computed as:

TP +TN
Accuracy = - -
TP +TN + FP + FN
Precision = 71?
reclsion TP—|— FP
TP
AT TP LN

Precision x Recall
Fl1-Score = 2 x

Precision + Recall

where TP, TN, FP, and FN are true positives, true negatives, false positives, and false negatives,

respectively.

Conclusion

The hybrid algorithm proposed in this study combines the efficiency of threshold-based
segmentation and edge-based techniques with the predictive power of KNN and CNN
classifiers. The robust preprocessing pipeline and innovative classification approach ensure
high detection accuracy, making this method suitable for real-world applications in lung cancer
diagnostics.

4. Block Diagram
The following diagram illustrates the proposed system architecture:

[block diagram here showing: Input CT image — Preprocessing — Threshold-based
segmentation — Feature extraction — KNN-CNN Classification — Lung Cancer Prediction]

5. Integration of Blockchain

Blockchain is utilized to securely store and share patient data, ensuring data integrity and
privacy. Each diagnostic result is stored as a transaction in a distributed ledger.

Nanotechnology Perceptions 20 No. S15 (2024) 730-740



A Hybrid Method For Detection Of Lung... Ms. Rucha Alandikar et al. 738
Table 1: Comparison of Blockchain Integration in Medical Imaging

Feature Traditional Systems Blockchain-based Systems
Data Security Moderate High
Transparency Low High

Scalability High Moderate

6. Results and Discussion
6.1 Performance Metrics

Metrics such as accuracy, precision, recall, and Fl-score were calculated. The proposed
method showed significant improvement over traditional techniques.

Performance Comparison of Detection Methods

= Accuracy (%) o5 96.7 o953 97.2
mmm  Sensitivity (%) -
EEm Specificity (%)
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CNN Hybrid KNN-CNN
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6.2 Mathematical Calculations
The detection threshold T was calculated using Otsu’'s method:
T — arg max, {o5(£)}
where r_Tf3 (t) represents the between-class wvariance.

The EKMNMN classification distance metric:

d(x,y) — Q D> (x: — wi)?

The CMNMN accuracy function:

Trr + I
TP + IN ++ FP + FIIW

A =
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6.3 Graphs
Threshold Segmentation Accuracy
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2. Table 2: Comparison of Techniques

Metric KNN CNN Hybrid KNN-CNN
Accuracy (%) 85.4 92.1 96.7
Sensitivity (%) 83.0 91.0 95.3
Specificity (%) 86.7 935 97.2

7. Validation

The proposed method was validated using a test set, achieving an accuracy of 96.7%. It
outperformed state-of-the-art methods in both efficiency and accuracy.
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8. Conclusion

This study developed a hybrid method combining threshold techniques and KNN-CNN
algorithms for lung cancer detection. Blockchain integration ensured data integrity. The results
validate the method's superior performance, marking a step forward in early cancer detection.
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