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Abstract: Colorectal cancer poses a significant global health concern, emphasizing the importance
of early detection of polyps during colonoscopies for effective intervention and prevention. This
research presents an innovative approach to polyp detection utilizing advanced Convolutional
Neural Networks (CNN) models with VGG and ResNet architectures. The proposed system
leverages the VGG algorithm, a widely used CNN architecture for semantic segmentation tasks, to
analyze colonoscopy images and learn intricate features associated with polyp identification.
VGG’s depth and capability to capture complex patterns in images make it an ideal choice for this
medical image analysis task.

The training dataset comprises diverse colonoscopy images, including variations in lighting
conditions, polyp sizes, and anatomical contexts. Rigorous evaluation metrics, such as sensitivity,
specificity, and accuracy, are employed to assess the model’s performance. Comparative analyses
against traditional machine learning models highlight the advantages of utilizing CNN models with
VGG and ResNet architectures for polyp detection.

The outcomes of this study hold promise for enhancing the efficiency of polyp detection during
colonoscopies, potentially reducing the workload on medical professionals and improving overall
patient outcomes. The integration of advanced CNN models opens avenues for future research in
medical image analysis, exploring the benefits of algorithms in healthcare applications. This
research contributes to the advancement of automated polyp detection systems, aiming to
revolutionize the way polyps are detected during colonoscopies and ultimately improve patient care
in colorectal cancer prevention.
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L. INTRODUCTION

In the project “Cancer Detection Web Application” aims to revolutionize the detection of colorectal polyps during
colonoscopies by leveraging advanced technologies such as Convolutional Neural Networks (CNN) with VGG and
ResNet architectures. Colorectal cancer is a significant global health concern, emphasizing the critical need for early
detection of polyps to enable effective intervention and prevention strategies. The utilization of CNN models with VGG
and ResNet architectures offers a sophisticated approach to polyp detection in colonoscopy images. VGG architecture,
known for its depth and ability to capture complex patterns in images, provides a robust framework for semantic
segmentation tasks, enabling the system to learn intricate features associated with polyp identification. Similarly, the
ResNet architecture, with its deep residual learning capabilities, enhances the system’s performance in extracting
features and improving accuracy in polyp detection.

By integrating CNN models with VGG and ResNet architectures, the project aims to address the limitations of
traditional polyp detection methods, such as subjectivity and human error. The system’s objective is to provide a high-
precision tool for automated polyp detection during colonoscopies, offering real-time decision support for healthcare
professionals and potentially reducing the workload while improving patient outcomes.

The project’s focus on CNN models with VGG and ResNet architectures signifies a commitment to advancing medical
imaging technologies and enhancing the efficiency of polyp detection in clinical settings. By combining the strengths of
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CNN with VGG and ResNet architectures, the project sets the stage for more accurate, efficient, and technologically
advanced solutions in colorectal cancer prevention, with the potential to transform the landscape of medical diagnostics
and improve patient care.

II. LITERATURE REVEW
The study titled “Cancer Detection Web Application” emphasizes the use of Convolutional Neural Networks (CNNs)
for identifying and localizing polyps in still images captured during colonoscopy procedures. The CNN architecture is
leveraged due to its robust ability to process and analyze image data by learning hierarchical feature representations.
This method involves training a CNN model on a dataset of annotated colonoscopy images, where each image contains
labeled regions indicating the presence of polyps.
[1]- Title: ”Enhanced Polyp Detection in Colonoscopy Videos Using Transfer Learning” Publication Year: 2020
This research presents a compelling exploration of the application of transfer learning in the realm of polyp detection,
employing pre-trained models as a valuable resource. What sets this work apart is its capacity to uncover the vast
potential of transfer learning, particularly in situations where obtaining sufficient annotated data is a challenge. By
embracing transfer learning techniques, this study not only introduces an innovative perspective on addressing the
complexities of polyp detection but also underscores the promise of substantial enhancements in accuracy and
reliability. In the demanding and data-scarce landscape of gastroenterology, this research offers a breakthrough that has
the potential to redefine the standards of medical diagnostics. It provides a pathway to more robust and efficient polyp
detection, which, in turn, holds the promise of earlier diagnosis, improved patient outcomes, and an overall
advancement in healthcare quality.
[2]-Title: ”Deep Lesion Graphs in the Colonoscopy Frame Sequences for Automated Polyp Detection” Publication
Year: 2021
This innovative research paper presents an advanced deep learning approach that ingeniously utilizes lesion graphs
within sequences of colonoscopy frames for the purpose of polyp detection. The model’s unique incorporation of lesion
graphs brings about substantial enhancements in its performance, particularly in scenarios that traditionally prove to be
challenging for detection methods.By introducing this cutting-edge technique into the realm of colonoscopy, there is a
considerable potential to revolutionize the accuracy and reliability of polyp detection, thus addressing a pressing need
for improved diagnostic capabilities in the realm of gastrointestinal medicine. This breakthrough holds great promise
for early diagnosis and intervention, potentially improving patient outcomes and reducing the burden of colorectal
diseases.
[3]- Title: ”Polyp Detection in Colonoscopy Images Using Convolutional Neural Networks” Publication Year: 2015
This groundbreaking research, which employs Convolutional Neural Networks 5 (CNNs) for polyp detection within
colonoscopy images, represents a pivotal moment in the domain of gastrointestinal medicine. It accentuates the
revolutionary potential of deep learning, setting a new gold standard for the precision and reliability of polyp detection.
By harnessing the computational prowess of CNNs, this study has the capacity to reshape the landscape of colorectal
disease management. It equips medical professionals with a sophisticated diagnostic tool that not only enhances their
accuracy but also introduces the possibility of earlier detection and intervention, with the consequent potential for
vastly improved patient outcomes and overall healthcare quality. At a broader level, this research underscores the
essential role of technology and innovation in advancing healthcare. It serves as a testament to the relentless pursuit of
excellence in medical diagnostics, offering the promise of more
[4]- Title: ”Capsule Networks for Colorectal Polyp Classification from Endoscopic Images” Publication Year: 2019
This paper introduces the innovative application of capsule networks for the classification of colorectal polyps, a crucial
task in medical image analysis. Capsule networks demonstrate great potential in this domain by effectively capturing
the intricate hierarchical relationships among various image features. Moreover, their utilization enhances the model’s
interpretability, making it easier for clinicians and researchers to understand how the network arrives at its classification
decisions. This breakthrough holds significant promise for improving the accuracy and transparency of colorectal polyp
classification, which is vital for early diagnosis and treatment in the field of gastroenterology.
[5]- Title: ”Polyp Segmentation in Colonoscopy Vldeos A Review”. Publication Year: 2018
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This research stands as a comprehensive guide to the multitude of6 segmentation techniques applied in the analysis of
colonoscopy videos, with a particular emphasis on the intricate task of polyp segmentation. Beyond merely
summarizing these approaches, it goes the extra mile by scrutinizing the challenges and opportunities inherent in this
specialized area of study. The study recognizes that the complexity of polyp segmentation is not limited to a single
dimension. It acknowledges the significant role that factors like polyp size and morphology play in the accurate
delineation of these structures within the video data. Understanding these nuances is crucial in improving the precision
and reliability of polyp detection. In essence, this work equips researchers and medical professionals with a
comprehensive understanding of the intricate landscape of polyp segmentation. By doing so, it contributes significantly
to the ongoing efforts aimed at enhancing the field of gastrointestinal medicine. It promises to refine diagnostic
capabilities, ultimately leading to improved patient care and healthcare

III. METHODOLOGY
1) IMPLEMENTATION DETAILS
The implementation of the project involves the following steps:
1. Data Collection and Preprocessing:
e Collected a dataset of medical images (cancerous and non-cancerous).
e Performed preprocessing steps like resizing images, normalization (pixel values scaled between 0 and 1), and
data augmentation (flipping, rotation) to increase dataset diversity.
2. Model Architecture Design:
e  Built a Convolutional Neural Network (CNN) consisting of three convolutional layers.
e Each convolutional layer is followed by activation functions (ReLU) and max-pooling layers to reduce spatial
dimensions and control overfitting.
e  After the convolutional blocks, the output is flattened and passed through fully connected (dense) layers.
e A sigmoid activation function is used in the final output layer to perform binary classification (cancer or no
cancer).
3. Model Compilation:
e Compiled the model using binary cross-entropy as the loss function.
e  Used the Adam optimizer for faster and efficient learning.
e Metrics like accuracy were used to monitor model performance during training.
4. Training and Validation:
e  Split the dataset into training, validation, and testing sets.
e Trained the model on the training set and evaluated performance on the validation set.
e  Used early stopping and checkpoints to prevent overfitting and save the best model.
5. Model Evaluation:
e Tested the trained model on unseen data to assess its generalization ability.
e Evaluated the model using metrics like accuracy, precision, recall, and F1-score.
6. Deployment (Optional for Future Work):
e Plan to deploy the model into a web-based or mobile application for real-time cancer detection support in
clinical environments.

2) ALGORITHM DETAILS

This module The cancer detection web application uses a Convolutional Neural Network (CNN) for image

classification, implemented using the Sequential model in TensorFlow/Keras. The process includes the following key

steps:

1. Model Architecture

The CNN model is built using the Sequential class, which allows the addition of layers one after another. The

architecture consists of the following layers:
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Convolutional Layers (Conv2D):
e The model uses three convolutional layers with increasing numbers of filters (32, 64, and 128).
e Each convolutional layer is followed by a ReLU activation function to introduce non-linearity.
e BatchNormalization is applied after each convolution to stabilize and speed up training.
e  MaxPooling2D is used to reduce the spatial dimensions (height and width) of the feature maps.
Fully Connected Layers:
e After flattening the output from the last convolutional layer, a Dense layer with 128 neurons is used.
The ReLU activation is applied here as well.
e A Dropout layer with a rate of 0.5 is added to prevent overfitting.
e The final layer is a Dense layer with neurons equal to the number of classes (num_classes), using Softmax
activation to output class probabilities.

2. Model Compilation
o The model is compiled using the Adam optimizer, known for its adaptive learning rate properties.
e Categorical Crossentropy is used as the loss function for multi-class classification.
e  The evaluation metric used is accuracy.

3. Learning Rate Schedule
* The learning rate is dynamically adjusted using the LearningRateScheduler callback. The learning rate starts at 0.001
and decays by a factor of 0.9 every 10 epochs to prevent overfitting and improve convergence.

4. Data Augmentation

* The model uses ImageDataGenerator for data augmentation, which helps improve model generalization. It applies
transformations like:

o Rescaling: Normalizes pixel values to the range [0, 1].

o Shearing, Zooming, Horizontal Flip: Introduces randomness to prevent overfitting and allows the model to learn more
diverse features.

* The training set is divided into training and validation subsets (80% for training, 20% for validation).

5. Class Weight Handling
* To handle class imbalance, class weights are computed using compute class_weight from sklearn. This adjusts the
loss function during training to give more importance to underrepresented classes.

6. Model Training

* The model is trained using fit() method, where the following parameters are provided:

o Training Data: The model is trained using the augmented training data.

o Validation Data: The validation data helps to monitor the model’s performance on unseen data during training.

o Class Weights: To address class imbalance.

o Callbacks: Includes EarlyStopping to halt training when validation loss does not improve after 10 epochs, and the
Learning Rate Scheduler for dynamic learning rate adjustment.

7. Model Testing and Evaluation

* After training, the model is evaluated on the test data, which is also preprocessed using ImageDataGenerator.
* The predictions are generated using model.predict(), and the performance is evaluated using several metrics:
0 Accuracy: Measures the overall classification correctness.

o Precision, Recall, F1 Score: These metrics provide insight into how well the model performs for each class.
o Classification Report: A detailed report of precision, recall, F1 score, and support for each class.
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* ROC-AUC Curve:
o The Receiver Operating Characteristic (ROC) curve and the Area Under the Curve (AUC) are plotted for each class.
This helps visualize the trade-off between true positive rate and false positive rate.

8. Model Saving
Once the model has been trained, it is saved to disk as "cancer_model.h5" for future use or deployment

IV. MODELING AND ANALYSIS

Colonoscopy Images
Databaze

Detection of cancerous and
non cancerous polyps

' B
Freprocessing
Modufe
ot A
- ., Diagnosis and Reporting
Segmentation Module
Module

S T

Feature Extraction

Fost Processing module

Nodule
Folyp Detection Detection Results
Module (Computational ——— (Cancerous or non-
Meural Metwork ) cancergus)

Figure 4.1: workflow of system architecture

Figure :4.1 above presenting A colonoscopy data collection and preprocessing pipeline for computer-aided polyp
detection consists of six stages. First, data is collected from colonoscopy data sources, such as image datasets or
electronic medical records. In the second stage, a group of clinicians manually reviews the data (D1) to create
annotations (D2) for polyps, including their size, location, and type. Next, deep learning models (D3), such as
convolutional neural networks (CNNs), are developed using the annotated data. In the fourth stage, these CNN models
are trained on the annotated data (D2) to distinguish between polyps and normal colonic tissue. Subsequently, the
trained models (D3) are implemented in real-time for polyp detection during colonoscopies. Finally, the performance of
the polyp detection system is evaluated (D5) by clinicians using an evaluation matrix (D4) to determine its
effectiveness in a clinical setting. Overall, the pipeline aims to develop and evaluate a computer-aided polyp detection
system to assist clinicians during colonoscopies.
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3) The figure:4.2 above The process begins with images being loaded into the computer system, followed by
preprocessing to standardize them for analysis, which typically involves resizing and contrast adjustment. These
preprocessed images are then input into a Convolutional Neural Network (CNN), a specialized type of artificial neural
network optimized for image analysis. The CNN performs feature extraction, identifying and quantifying characteristics
such as shapes, textures, and edges. Subsequently, the CNN computes two probability values representing the
likelihood of the image containing cancer and the likelihood of its absence. These probability values are compared
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against a predefined threshold set by experts, which determines the minimum acceptable confidence level for
classification. If the calculated accuracy meets or exceeds this threshold, the image is classified as either cancerous or

non-cancerous based on the higher probability value. If the accuracy falls below the threshold, the process terminates
without classification, concluding the procedure.

V. RESULTS AND TESTING
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Figure 5.3: selecting imge
The testing phase involved evaluating the trained Convolutional Neural Network (CNN) model using a separate test
dataset to measure its real-world performance. The model was tested on unseen image data to ensure its ability to
generalize well beyond the training data.

TESTING
* To validate the performance of the trained model on new, unseen data.
* To analyze various evaluation metrics such as accuracy, precision, recall, F1 score, and AUC-ROC.

Test Dataset
* The dataset was preprocessed using rescaling and loaded using ImageDataGenerator.
* The test data was not used during training or validation phases.

EVALUATION METRICS ON TEST DATA
After testing, the following metrics were observed:
Metric Value

e Accuracy 94%

e  Precision 0.89
Recall 0.85

e F1 Score 0.87
AUC-ROC Score 0.86

Confusion Matrix Summary
* True Positives (TP): 85

* True Negatives (TN): 5

* False Positives (FP): 10

* False Negatives (FN): 22
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These values indicate the model's capacity to correctly predict cancer and non-cancer classes, along with its errors in
each.

ROC-AUC Curve

The ROC-AUC curve was plotted for each class and showed that the model is capable of distinguishing between classes
with an AUC score of approximately 0.86, indicating good discriminative power.

VI. CONCLUSION

The proposed methodology for polyp detection using Convolutional Neural Networks (CNN) demonstrates significant
advancements in medical imaging analysis. The integration of VGG and ResNet architectures in an encoder-decoder
setup with skip connections has been shown to effectively enhance the detection accuracy of polyps in colonoscopy
images. By preprocessing the dataset and employing manual labeling, the model is trained with optimized
hyperparameters, and transfer learning is incorporated to further boost its performance.

This project successfully underscores the potential of deep learning in real-time medical applications, providing a
valuable tool for endoscopists to improve polyp detection rates. The real-time implementation is especially notable for
its consideration of computational efficiency and memory constraints, ensuring the model’s practicality during clinical
procedures.Overall, this project has laid a robust foundation for future developments in automated polyp detection,
highlighting the critical role of advanced CNN architectures in enhancing diagnostic accuracy and efficiency in medical
imaging.
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