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ABSTRACT
Skin cancer remains a major global health concern, demanding accurate and timely diagnosis. This study explores multiple machine

learning techniques—SVM, Decision Trees, Random Forest, MLP, and ensemble methods—for classifying skin lesions, with a
primary focus on the Cascaded Convolutional Neural Network (CNN) model. A diverse, pre-processed dataset enhances model
performance and generalization. The Cascaded CNN proves highly effective and is integrated into a Flask-based web application,
allowing users to upload lesion images for real-time predictions. The findings highlight the model’s potential in supporting early
diagnosis and treatment planning.
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INTRODUCTION

Skin cancer, particularly melanoma, poses a serious global health challenge due to its aggressive nature and high mortality risk if not
detected early. Traditional diagnosis depends on dermatologists’ expertise, which can be subjective, inconsistent, and limited in
availability, especially in underserved regions. This often results in misdiagnoses or delayed treatment. Recent advances in Artificial
Intelligence (AI) and Deep Learning, especially Convolutional Neural Networks (CNNs), have shown great potential in medical
image analysis by offering accurate, efficient, and automated diagnosis support. Leveraging these technologies in skin cancer
detection can improve survival rates, reduce healthcare costs, and expand access to timely screening.

This project aims to develop a web-based skin cancer detection system powered by CNNs to classify dermatoscopic images into
benign and malignant categories with high precision. The system integrates an intuitive interface for easy image uploads, real-time
diagnostic feedback, and interpretability to support clinical decision-making. Key objectives include ensuring high model accuracy
through advanced training techniques, safeguarding patient data with strong privacy measures, and enabling scalability for
deployment in both advanced healthcare settings and low-resource environments. By bridging the gap between technology and
healthcare, this project seeks to provide an accessible, reliable, and inclusive diagnostic tool that enhances early detection and
improves patient outcomes.

LITERATURE SURVEY
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1 Estevaetal. | 2017 | Use of deep neural networks | Dermatologist-level
for skin lesion identification | classification accuracy for
skin cancer detection
2 Haenssle et | 2018 | Evaluated convolutional Al outperformed human
al. neural networks in dermatologists in diagnosing
melanoma recognition melanoma
3 | Brinkeretall 2019 | Head-to-head comparison of | Deep learning models
al. deep learning algorithm vs. outperformed most
dermoscopicic melanoma image| dermatologists
4 | Tschandlet | 2017 | Analyzed challenges in Addressed difficulties in
al. ISBI 2018 challenge for skin | melanoma detection through
lesion classification competition-based research
6 Hanetal. | 2018 | Employed various neural CNNs exceeded average
al networks for classifying skin | dermatologist performance
diseases

LIMITATIONS OF EXISTING SYSTEMS
Despite progress in Al-based skin cancer detection, several challenges limit its widespread adoption:

° Lack of Dataset Diversity: Many datasets lack sufficient variation in skin tones, lesion types, and imaging
conditions, causing biased performance in real-world scenarios.

° Inconsistent Annotation Quality: Some datasets include inaccurately labeled images, reducing training
reliability and model accuracy.

° Black-Box Nature of Deep Learning: CNNs provide results without clear explanations, limiting trust and
clinical acceptance.

° Insufficient Clinical Validation: Most models are tested in labs but lack large-scale validation in real healthcare
environments.

° High Computational Requirements: Training and deploying CNNs demand significant resources, restricting use
in low-resource settings.

° Ethical and Regulatory Barriers: Concerns over patient data privacy, algorithmic bias, liability, and compliance
with healthcare regulations hinder adoption.

PROPOSED SYSTEM

Despite advancements in medical imaging technologies, the diagnosis of skin cancer still heavily depends on clinicians’ visual
interpretation of lesions. This process is not only subjective but also susceptible to variation based on the clinician's training,
experience, and personal judgment. Inconsistent diagnostic outcomes, especially in early-stage melanoma or atypical skin lesions,
can result in under diagnosis or over diagnosis, both of which have serious consequences for patient care.

Additionally, the rising incidence of skin cancer across the globe has placed increased demand on dermatology services, leading to
longer wait times for appointments, particularly in densely populated or under-resourced areas. This bottleneck in care delivery is
especially problematic for patients in remote or rural regions where specialist access is already scarce.

These challenges collectively give rise to several critical issues:

° Dependence on clinical expertise: Diagnostic accuracy is often tied to the experience level of individual
dermatologists.

° Variability in diagnosis: Different clinicians may interpret the same lesion differently, leading to inconsistent
outcomes.
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Delay in intervention: Limited access to specialists can delay timely diagnosis and treatment, increasing the risk of

disease progression.

Healthcare inequality: Populations in remote or economically disadvantaged areas are disproportionately affected

by late or missed diagnoses.

To address these barriers, this project proposes the design and development of a deep learning-based web application capable of
analyzing skin lesion images and providing instant classification feedback. The goal is to develop a solution that supports

dermatologists in their decision-making while also serving as a preliminary diagnostic tool in regions lacking specialized medical

personnel.

The system is expected to recognize patterns across a range of skin lesion types, identify suspicious features, and deliver real-time
outputs that assist in the early detection of skin cancer. By bridging the gap between Al and clinical practice, the solution aims to

improve diagnosis speed, reduce misclassification, and make high-quality care accessible to broader populations.

METHODOLOGY
SYSTEM ARCHITECTURE

1. Input (RGB Colored Image):
e The process begins with an input image in RGB format, which carries color information across three channels
(Red, Green, and Blue). This serves as the raw data for analysis.

2. Convolutional Neural Networks (CNN):
e The image is passed through convolutional layers that extract important spatial features such as edges, shapes, and
textures. These layers help in learning hierarchical patterns from low-level to high-level features.

3. Concatenation:
e The extracted features from different convolutional layers or channels are combined. This ensures that all relevant
feature maps are merged to provide richer information for further processing.

4, Fully Connected Layer (Dense Layer):
e The concatenated features are then flattened and fed into fully connected layers. These layers interpret the
extracted features and map them to the final decision space.

5. Activation Layer:
e Non-linear activation functions (like ReLU or Softmax) are applied, enabling the network to capture complex
relationships between features and ensuring that the outputs are bounded or probabilistic.

6. Predictions (Output):

e The final stage produces the output, which can be a classification label (e.g., disease detected or not) or a
probability distribution across different categories.
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Fig 1: System Architecture
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ALGORITHM DESCRIPTION

CNN Model

The CNN model architecture forms the backbone of the skin cancer detection system, comprising convolutional, pooling, and fully
connected layers optimized for feature extraction and classification. The architecture is meticulously designed to effectively capture
spatial hierarchies and patterns within skin lesion images.

Convolutional layers apply filters to input images, extracting features through convolutions and preserving spatial relationships.
Pooling layers downsample feature maps, reducing computational complexity while retaining essential information. Fully connected
layers integrate extracted features for final classification, mapping them to specific skin cancer types. The architecture's depth,
width, and connectivity patterns are tailored to balance model complexity and efficiency. Transfer learning may be employed to
leverage pre-trained CNN architectures, fine-tuning them for skin cancer detection tasks.

Architectural choices are guided by considerations of computational resources, model interpretability, and performance
requirements.

CONCLUSION
This project successfully demonstrates the use of deep learning, specifically Convolutional Neural Networks (CNNs), for the
detection and classification of various types of skin cancer based on dermatoscopic images. By developing a web-based application,
users are enabled to upload skin lesion images and receive real-time diagnostic results. The system's strong performance metrics—
including over 92% accuracy—highlight its potential as a valuable decision-support tool in dermatology.

Through comprehensive preprocessing, augmentation, and model optimization, the solution effectively addresses several challenges
present in traditional diagnostic methods, such as subjectivity, limited accessibility, and dependency on dermatologists. The model
is capable of classifying images into seven distinct classes of skin cancer, making it practical for real-world use..

FUTURE SCOPE
While the system shows promising results, there are several directions for future improvement:

° Clinical Validation: Collaborate with dermatologists and hospitals to test the model in real clinical settings and
validate its practical effectiveness.

° Mobile Application: Extend the web application to mobile platforms, allowing users to access diagnostic tools on
smartphones and tablets.

° Integration with Electronic Health Records (EHR): Enable the system to work alongside EHR systems to
streamline workflows for healthcare providers.

° Advanced Architectures: Explore deeper models or transfer learning with architectures like ResNet,
EfficientNet, or InceptionV3 to potentially boost accuracy.

° Real-Time Edge Deployment: Develop lightweight models for deployment on edge devices to enable offline
diagnosis in remote or low-resource settings.

° Explainability: Improve interpretability of model predictions through visual tools like Grad-CAM to help
clinicians understand what influenced each diagnosis.
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