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Abstract: Lung cancer remains one of the leading 

causes of cancer-related mortality worldwide, 

primarily due to delayed diagnosis and limited 

treatment options available at advanced stages of the 

disease. Early detection plays a crucial role in 

improving survival rates and enhancing patient 

outcomes. To address this challenge, this study 

proposes an advanced machine learning-based 

framework for the early diagnosis of lung cancer 

using clinical and medical imaging data. The 

proposed approach analyzes patient demographics, 

medical history, radiological scans, and relevant 

biomarkers to identify subtle indicators of early-stage 

lung cancer. 

The methodology incorporates data preprocessing, 

feature extraction, and feature engineering techniques 

to improve the quality and relevance of the input 

data. Computed Tomography (CT) images are 

utilized due to their effectiveness in providing 

detailed information about tumor size, shape, 

location, and surrounding tissue characteristics. 

Following preprocessing, image segmentation is 

performed to isolate regions of interest, and 

significant features are extracted for further analysis. 

A Convolutional Neural Network (CNN) classifier is 

employed to learn complex patterns from the 

extracted features and classify lung nodules as benign 

or malignant. Advanced model interpretation 

techniques are also integrated to enhance 

transparency and identify key factors influencing the 

model’s predictions. Experimental evaluation on 

large retrospective datasets demonstrates that the 

proposed framework achieves superior performance 

compared to existing state-of-the-art methods. 

Performance metrics such as accuracy, precision, 

recall, and F1-score are used to assess the 

effectiveness of the model. The results indicate that 

the proposed machine learning framework can 

significantly improve early lung cancer detection, 

supporting healthcare professionals in making 

informed clinical decisions and enabling timely 

intervention that may ultimately save lives.. 

Index terms - — Lung Cancer, Early Detection, 

Machine Learning, CT Scan, Feature Extraction, 

Image Processing, CNN, Classification, Biomarkers, 

Medical Imaging, Tumor Segmentation, Predictive 

Analysis, Deep Learning. 
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Hard to diagnose and few treatment options make 

lung cancer one of the worst malignancies.    Early 

diagnosis boosts survival and treatment efficacy.    

Since X-rays and biopsies aren't sensitive or specific, 

they rarely detect early cancer. 

   AI and ML provide faster and more accurate 

medical image analysis.    These technologies 

automatically locate important areas of medical 

images like CT scans to assist professionals diagnose 

and decide.    This work proposes employing photo 

preprocessing, segmentation, and classification to 

detect lung cancer early using machine learning. 

   This approach accurately distinguishes benign and 

malignant tumors using CNNs and increased feature 

extraction.    Radiologists can save lives and simplify 

crucial medical procedures by using the suggested 

strategy to discover problems earlier and interpret 

them more accurately.. 

2. LITERATURE SURVEY 

[1] M. Aharonu and R. Kumar (2023) 

Abstract: 

Aharonu and Kumar presented a systematic review of 

deep learning techniques used for lung cancer 

detection from medical imaging data. The study 

examined various deep learning architectures, 

including Convolutional Neural Networks (CNNs), 

transfer learning models, and hybrid frameworks 

applied to chest X-ray and CT scan images. The 

authors analyzed different datasets, preprocessing 

methods, feature extraction approaches, and 

performance evaluation metrics reported in previous 

research. The review highlighted that deep learning 

models have significantly improved the accuracy and 

efficiency of lung cancer diagnosis compared to 

traditional machine learning techniques. The paper 

also discussed challenges such as data scarcity, model 

interpretability, and computational requirements 

while emphasizing the need for robust and 

explainable artificial intelligence systems for clinical 

deployment. 

[2] G. Nagalapuram (2022) 

Abstract: 

Nagalapuram proposed a web-based application for 

lung cancer analysis and detection using a deep 

learning approach. The system integrates image 

preprocessing, feature extraction, and Convolutional 

Neural Network (CNN)-based classification to 

identify cancerous abnormalities from medical 

images. The application provides a user-friendly 

interface that allows users to upload lung scans and 

receive automated diagnostic results. Experimental 

evaluations demonstrated that the proposed system 

achieved reliable classification performance with 

reduced processing time. The study highlighted the 

potential of combining web technologies with deep 

learning algorithms to create accessible healthcare 

solutions. The developed platform can support 

clinicians in making faster and more accurate 

diagnostic decisions, thereby contributing to early 

lung cancer detection and improved patient 

outcomes. 

[3] R. Tekade (2018) 

Abstract: 

Tekade introduced a lung nodule detection and 

classification framework based on Convolutional 

Neural Networks. The proposed system utilized CT 
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scan images to automatically identify suspicious lung 

nodules and classify them into relevant categories. 

Through image preprocessing and deep feature 

learning, the CNN model extracted discriminative 

characteristics directly from medical images without 

requiring manual feature engineering. Experimental 

results demonstrated that the model effectively 

detected lung nodules and improved classification 

accuracy compared to conventional image processing 

techniques. The study emphasized the advantages of 

deep learning in computer-aided diagnosis systems, 

particularly for the early detection of lung cancer. 

The proposed approach contributes to reducing 

diagnostic errors and assisting radiologists in clinical 

decision-making. 

[4] A. Musthafa, K. Sankar, T. Benil, and Y. Rao 

(2022) 

Abstract: 

Musthafa et al. proposed a hybrid machine learning 

technique for the early prediction of lung nodules 

from medical images using a learning-based neural 

network classifier. The methodology combined image 

processing techniques, feature extraction methods, 

and neural network-based classification to enhance 

prediction accuracy. Medical images underwent 

preprocessing and segmentation before meaningful 

features were extracted and analyzed by the classifier. 

The proposed hybrid framework demonstrated 

superior performance compared to traditional 

classification methods in detecting and predicting 

lung nodules at an early stage. The study highlighted 

the effectiveness of integrating machine learning 

algorithms with neural networks to improve 

diagnostic reliability and support early intervention 

strategies. The results suggest significant potential for 

application in computer-aided lung cancer diagnosis 

systems. 

[5] R. Siegel, K. Miller, H. Fuchs, and A. Jemal 

(2022) 

Abstract: 

Siegel et al. presented the annual Cancer Statistics 

report for 2022, providing comprehensive estimates 

of cancer incidence, mortality, survival rates, and 

trends in the United States. The report analyzed 

major cancer types, including lung cancer, and 

evaluated patterns based on age, gender, race, and 

geographic distribution. The findings revealed that 

lung cancer remains one of the leading causes of 

cancer-related deaths despite advances in screening, 

diagnosis, and treatment technologies. The study 

emphasized the importance of preventive measures, 

tobacco control policies, and early detection 

programs in reducing cancer mortality. The report 

serves as a valuable epidemiological resource for 

researchers, clinicians, and policymakers involved in 

cancer prevention and management. 

3. METHODOLOGY 

i) Proposed Work: 

The proposed method uses machine learning to detect 

lung cancer early in CT and X-ray images.   Scaling, 

normalization, and noise reduction improve images 

after medical data is credible.   Expert radiologists 

distinguish cancer and non-cancerous cases for 

reliable supervised learning.   ROIs are the most 

important lung tumor sources after segmentation. 

  ROIs add texture, form, and intensity to model 

training.   Accuracy, sensitivity, and specificity are 

used to train and test CNN models.   Cross-validation 
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and external validation ensure a model's strength and 

versatility.   This approach helps radiologists detect 

lung cancer early and accurately, reducing diagnostic 

mistakes and improving patient survival. 

ii) System Architecture: 

 

Fig 1: proposed architecture 

iii) Modules: 

The proposed lung cancer detection system is divided 

into four main modules, each performing a specific 

and essential task for accurate diagnosis. 

1. Pre-Processing Layer: 

This module enhances the quality of CT images 

obtained from the LIDC-IDRI dataset. Histogram 

equalization is first applied to improve image 

contrast, followed by a median filter to remove noise 

without blurring edges. Artificial noise is then added 

and removed again using a median filter to enhance 

image clarity and robustness for further processing. 

2. Segmentation Layer: 

In this module, the preprocessed image is divided 

into meaningful regions using segmentation 

techniques. The Prewitt edge detection operator 

identifies the image boundaries, followed by 

thresholding to highlight significant areas. Watershed 

segmentation based on gradient magnitude is then 

applied to separate tumor-affected regions from 

normal lung tissues effectively. 

3. Feature Extraction Layer: 

This module extracts crucial features from the 

segmented image. Region-based features like area, 

perimeter, and centroid are calculated, along with 

texture-based features such as mean, standard 

deviation, smoothness, and entropy. These extracted 

features serve as inputs for the classification stage. 

4. Classification Layer: 

The final module classifies the tumor as benign or 

malignant using machine learning algorithms like 

Support Vector Machine (SVM), Artificial Neural 

Network (ANN), and Random Forest. The model’s 

accuracy, precision, and recall are analyzed to 

determine the best-performing algorithm, ensuring 

reliable and early lung cancer detection. 

iv) Algorithms: 

1. Logistic Regression: 

Logistic Regression is a statistical method used for 

binary classification problems, making it suitable for 

distinguishing between cancerous and non-cancerous 

cases. It works by estimating the probability that an 

input image belongs to a specific class based on 

extracted features. In this study, Logistic Regression 

achieved an accuracy of 0.85, indicating that it 

performs well for linear separable data but may not 

capture complex non-linear patterns present in 

medical images. 

2. Random Forest: 

Random Forest is an ensemble learning algorithm 

that combines multiple decision trees to enhance 
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prediction accuracy and reduce overfitting. Each tree 

independently classifies the input data, and the final 

prediction is made based on majority voting. With an 

accuracy of 0.90, Random Forest efficiently handles 

high-dimensional feature spaces and improves 

reliability by averaging multiple predictions, making 

it a strong model for medical diagnosis. 

3. Support Vector Machine (SVM): 

Support Vector Machine is a supervised learning 

algorithm that finds an optimal hyperplane to 

separate classes with maximum margin. It performs 

well in high-dimensional spaces and is effective for 

both linear and non-linear classification through 

kernel functions. The model achieved an accuracy of 

0.87, demonstrating good performance in 

distinguishing lung cancer stages, although it may 

require more computational power for large datasets. 

4. Deep Learning CNN: 

Convolutional Neural Network (CNN) is a deep 

learning algorithm that automatically learns spatial 

hierarchies of features from input images through 

convolutional layers. It excels at image-based 

classification tasks by extracting patterns like edges, 

textures, and shapes directly from raw data. In this 

study, CNN achieved the highest accuracy of 0.92, 

precision of 0.91, and recall of 0.93, proving its 

superiority in capturing complex image features and 

delivering highly reliable predictions for early lung 

cancer detection. 

4. EXPERIMENTAL RESULTS 

The proposed machine learning framework for early 

lung cancer detection was evaluated using CT scan 

images from the LIDC-IDRI dataset. After 

preprocessing, segmentation, and feature extraction, 

various classification algorithms were applied and 

their performance metrics were compared. Among all 

models, the Deep Learning CNN achieved the 

highest accuracy of 0.92, precision of 0.91, recall of 

0.93, and F1-score of 0.92, outperforming traditional 

methods like Logistic Regression, Random Forest, 

and SVM. The results demonstrate that CNN 

effectively captures spatial and structural features 

from lung images, enabling more accurate 

differentiation between benign and malignant tumors. 

Overall, the experimental outcomes validate that the 

proposed model provides reliable, robust, and 

efficient early detection of lung cancer, significantly 

improving diagnostic precision and aiding in timely 

medical intervention. 

Accuracy: Find out real gains and losses to evaluate 

test dependability. Mathematics comes next. 

 

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
(𝑇𝑁+ 𝑇𝑃)

𝑇
 

In experiments, the hybrid model correctly identified 

the majority of test cases with few misclassifications. 

The confusion matrix shows that TP and TN are far 

more common than FP and FN. 

If two test samples are incorrectly classified and 

9,998 out of 10,000 are correctly classified, then: 

Accuracy = 9998 / 10000 = 0.9998 = 99.98% 

Precision: Accuracy measures classifications, 

whereas precision measures affirmative cases. 

Accuracy is determined using the following formula. 

 

Pr 𝑒 𝑐𝑖𝑠𝑖𝑜𝑛 =
𝑇𝑃

(𝑇𝑃 + 𝐹𝑃)
 

 

Recall: How many of the machine learning situations 

that the model has correctly predicted are positive is 

measured. 

 

https://ijerst.org/index.php/ijerst


Int. J. Engg. Res. & Sci. & Tech. 2026, ISSN 2319-5991 

 

 

Vol. 22, No. 2(1), 2026                             https://ijerst.org/index.php/ijerst                                      3049 

𝑅𝑒𝑐𝑎𝑙𝑙 =
𝑇𝑃

(𝐹𝑁 + 𝑇𝑃)
 

 

F1-Score: The more precise and the more recall, the 
more correct the model will be. The accuracy of 

model is the percentage of correct predictions that it 

makes. 

 

𝐹1 = 2 ⋅
(𝑅𝑒𝑐𝑎𝑙𝑙 ⋅ Pr 𝑒 𝑐𝑖𝑠𝑖𝑜𝑛)

(𝑅𝑒𝑐𝑎𝑙𝑙 + Pr 𝑒 𝑐𝑖𝑠𝑖𝑜𝑛)
 

 

Fig.2.Images 

 

Fig.3.Images 

 

Fig 4: Accuracy graph 

 

Table 1 PERFORMANCE METRICS 

5. CONCLUSION 

The results and discussion chapter summarized the 

research on early lung cancer detection using 

machine learning.  By assessing model performance, 

including accuracy, precision, recall, and F1-score, 

we learned how well multiple machine learning 

algorithms predict lung cancer.  The study's benefits, 

drawbacks, and implications have been discussed in 

the context of the research domain.  By carefully 

reviewing the findings and considering their 

implications for clinical practice and future research, 

this chapter advances lung cancer detection.  The 

findings and discussion chapter synthesizes data and 

gives crucial insights for lung cancer early detection 

clinicians, researchers, and stakeholders.  Most 

significant aspect of the study endeavor. 
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