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ABSTRACT

Breast cancer is one of the most prevalent and life-threatening diseases among women
worldwide, making early detection crucial for improving survival rates. In recent years, machine
learning techniques have shown significant potential in enhancing the accuracy of cancer diagnosis.
This study focuses on improving breast cancer classification using an adaptive voting ensemble
learning approach. The proposed model combines multiple machine learning algorithms, including
Extra Trees Classifier, Light Gradient Boosting Machine (LightGBM), Ridge Classifier, and Linear

Discriminant Analysis (LDA), to achieve better predictive performance.

The model is trained and evaluated using the Wisconsin Breast Cancer Diagnostic (WBCD)
dataset, which contains features derived from digitized images of fine needle aspirates of breast
masses. A comprehensive preprocessing step, including feature selection and normalization, is
performed to improve model efficiency. The ensemble method integrates predictions from
individual classifiers using a voting mechanism, enhancing robustness and reducing classification

CITors.

Keywords: Breast Cancer Detection; Machine Learning; Ensemble Learning; Adaptive VotingTree;
Linear Discriminant Analysis (LDA); Light Gradient Boosting Machine (LightGBM); Ridge
Classifier; Wisconsin Breast Cancer Diagnostic (WBCD) Dataset; Feature Selection; Data
Preprocessing; Classification Accuracy; Predictive Modeling; Early Diagnosis; Medical Data

Analysis.
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1. INTRODUCTION

1.1 Introduction

Breast cancer is one of the most common and serious health concerns affecting women
worldwide. It occurs due to the uncontrolled growth of abnormal cells in breast tissue, which may
spread to other parts of the body if not detected at an early stage. Early diagnosis plays a vital role in
reducing mortality rates and improving patient survival. However, traditional diagnostic methods can

sometimes be time-consuming, costly, and prone to human error [1], [2].

With the advancement of technology, machine learning has emerged as a powerful tool in the
medical field for disease prediction and diagnosis. It enables the analysis of large volumes of medical
data and helps in identifying patterns that may not be easily recognized by humans [3]. Various
machine learning algorithms such as Decision Trees, Support Vector Machines (SVM), K- Nearest
Neighbors (KNN), and Random Forest have been widely used for breast cancer classification [4].
However, individual models may suffer from limitations such as overfitting, lower accuracy, and
sensitivity to data imbalance [S]. To overcome these challenges, ensemble learning techniques are
introduced. Ensemble methods combine multiple models to improve overall performance, increase
accuracy, and provide more reliable predictions [6]. In this study, an adaptive voting ensemble
approach is used by integrating multiple classifiers to enhance breast cancer classification

performance [7].

1.2 Project Objectives

Bythe completion of this project, the system demonstrates the following capabilities:
1. To develop an accurate breast cancer prediction model using machine learning techniques for early

detection of malignant and benign tumors.

2. To implement an ensemble learning approach by combining multiple algorithms such as Extra
Trees Classifier, LightGBM, Ridge Classifier, and Linear Discriminant Analysis (LDA) to

improve classification performance.

3. To preprocess the Wisconsin Breast Cancer Diagnostic (WBCD) dataset using techniques like

data cleaning, feature selection, and normalization to enhance model efficiency.

13 Purpose of the Project

The purpose of this project is to design and develop an intelligent and automated system for the

accurate classification of breast cancer using advanced machine learning techniques. Breast cancer
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continues to be a major health concern worldwide, and early detection is essential for effective.

treatment and improved survival rates [1], [2]. This project aims to assist in the early diagnosis process
by providing a reliable computational approach that reduces dependency on manual analysis and
minimizes the chances of human error [3]. A key purpose of this work is to explore the application of
machine learning algorithms in the medical domain, particularly in analyzing complex healthcare
datasets [4]. By utilizing the Wisconsin Breast Cancer Diagnostic dataset, the project seeks to identify
important features and patterns that contribute to accurate classification. The system is designed to

process and analyze these features efficiently, enabling faster and more consistent decision-making.

This project focuses on implementing an adaptive voting ensemble learning model that integrates
multiple powerful classifiers such as Extra Trees, LightGBM, Ridge Classifier, and Linear
Discriminant Analysis. By combining these models, the system leverages their individual strengths

to produce more reliable and consistent predictions compared to single-model approaches [5].

Another key objective of the project is to enhance classification performance by addressing
common challenges in medical datasets, such as class imbalance, feature redundancy, and overfitting
[6]. The system applies data preprocessing techniques, feature selection, and exploratory data analysis
to ensure that only the most relevant features contribute to the prediction process. Furthermore, the
project aims to evaluate and compare the performance of different machine learning algorithms using
standard metrics such as accuracy, precision, recall, and F1-score. This helps in identifying the most
effective approach for breast cancer classification. The developed system is intended to assist medical
professionals by providing a supportive diagnostic tool that can analyze patient data quickly and
accurately. It reduces the chances of human error, saves time, and improves the overall efficiency of

the diagnosis process [3].

1.4 Problem Statement

The Breast cancer is one of the most common and life-threatening diseases affecting women
worldwide. Early detection of breast cancer is very important because it significantly increases the
chances of successful treatment and survival. However, traditional diagnostic methods may
sometimes lead to inaccurate results due to human error, time constraints, and the complexity of

medical data. Medical datasets often contain multiple features, making it difficult to manually analyze
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and identify patterns that indicate whether a tumor is benign or malignant. Therefore, there is a need
to develop an efficient and reliable system that can accurately classify breast cancer using advanced
machine learning techniques. The problem addressed in this study is to improve the accuracy of breast
cancer prediction by using an adaptive voting ensemble learning approach that combines multiple
machine learning algorithms such as Extra Trees Classifier, LightGBM, Ridge Classifier, and Linear

Discriminant Analysis (LDA).

Breast cancer is one of the most common and life-threatening diseases among women worldwide.
Early and accurate detection is essential for effective treatment and improving survival rates.
However, traditional diagnostic methods are often time-consuming, expensive, and highly dependent

on the expertise of medical professionals, which may lead to misdiagnosis or delayed detection.

Existing machine learning models for breast cancer classification, although useful, often face
several limitations such as lower accuracy, overfitting, poor generalization, and difficulty in handling
imbalanced datasets. Many single-model approaches fail to capture complex patterns in medical data,

resulting in reduced prediction reliability.

Additionally, challenges such as feature redundancy, selection of relevant attributes, and
variability in dataset quality further affect the performance of classification systems. There is also a

need for models that can provide consistent and robust results across different datasets and conditions.

Breast cancer is one of the leading causes of death among women worldwide, and its early
detection remains a critical challenge in the healthcare domain. Accurate classification of tumors into
benign and malignant types is essential for timely treatment and improved patient survival. However,
conventional diagnostic approaches are often limited by human error, time constraints, and

dependency on expert knowledge.

1.5 Existing System

In the current healthcare environment, breast cancer detection primarily relies on traditional
diagnostic methods such as mammography, biopsy, ultrasound imaging, and clinical examination.
These methods are widely used by medical professionals to identify and classify tumors as benign or
malignant. While these techniques have significantly contributed to early detection, they often depend
heavily on the expertise and experience of radiologists and pathologists. In addition to conventional

medical approaches, several machine learning models have been developed to assist.
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Algorithms such as Support Vector Machines (SVM), K-Nearest Neighbors (KNN), Decision
Trees, Naive Bayes, and Random Forest have been widely applied to analyze medical datasets. These
models help in automating the diagnostic process and improving prediction accuracy to some extent.
However, most existing machine learning systems rely on single classifiers or simple ensemble
techniques. While these approaches provide reasonable results, they may not fully capture the
complexity of medical data. Variations in data quality, feature selection, and class distribution can

affect the overall performance of these models.

The existing systems for breast cancer detection primarily rely on traditional diagnostic methods
and individual machine learning algorithms. In the medical field, techniques such as mammography,
biopsy, and clinical examination are commonly used to identify and classify tumors. While these
methods are effective, they are often time-consuming, costly, and dependent on the expertise of

medical professionals, which may lead to variability in diagnosis.

In recent years, machine learning approaches have been introduced to improve the accuracy of
breast cancer classification. Commonly used algorithms include Decision Trees, Support Vector
Machines (SVM), K-Nearest Neighbors (KNN), Logistic Regression, Naive Bayes, and Random
Forest. These models analyze patient data and predict whether a tumor is benign or malignant based
on learned patterns. However, the existing machine learning systems have several limitations. Most
of these approaches rely on single classifiers, which may not perform consistently across different
datasets. They often struggle with issues such as overfitting, limited generalization capability, and
sensitivity to noisy or imbalanced data. Additionally, feature selection is not always optimized, which
can reduce the overall efficiency and accuracy of the model.

Disadvantages
e Limited Accuracy and Reliability many existing models, especially single classifiers, fail

to achieve consistently high accuracy across different datasets. Their performance may

vary depending on the nature and quality of input data.

e Opverfitting and Underfitting Problems Some models perform well on training data but fail
to generalize to new data (overfitting), while others may not capture the underlying

patterns effectively (underfitting).

e (lass Imbalance Issues Breast cancer datasets often contain more benign cases than
malignant ones.
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1.6 Proposed System

To overcome the limitations of existing methods, this project proposes an advanced breast cancer
classification system based on an adaptive voting ensemble learning approach. The system integrates
multiple machine learning algorithms, namely Extra Trees Classifier, Light Gradient Boosting
Machine (LightGBM), Ridge Classifier, and Linear Discriminant Analysis (LDA), to improve
prediction accuracy and robustness. The proposed system follows a structured workflow that
includes data preprocessing, exploratory data analysis (EDA), feature selection, model training, and

evaluation.

Initially, the dataset is cleaned and preprocessed to handle missing values, remove noise, and
normalize feature values. Techniques such as standardization and outlier detection are applied to
ensure data consistency and quality. Exploratory Data Analysis (EDA) is then performed to
understand data distribution, identify patterns, and visualize relationships between features using

graphs such as histograms, heatmaps, and box plots.

Important features are selected using correlation analysis and feature importance techniques to
reduce dimensionality and eliminate redundant attributes. This step improves computational
efficiency and enhances the performance of the models by focusing only on the most relevant
features. In this approach, four different classifiers Extra Trees, LightGBM, Ridge Classifier, and
Linear Discriminant Analysis—are integrated into a single ensemble model. Each algorithm
contributes its strengths: Extra Trees provides high variance reduction and handles complex data
patterns; LightGBM offers fast training and high efficiency; Ridge Classifier helps manage
multicollinearity through regularization; and LDA improves class separability by projecting data

into lower- dimensional space.

The predictions from these individual models are combined using an adaptive voting mechanism,
which can be either hard voting (majority-based) or soft voting (probability-based). In adaptive
voting, weights can be assigned to each model based on their performance, allowing better-
performing models to have a greater influence on the final decision. This dynamic combination

enhances robustness and ensures more reliable predictions.

The ensemble model is trained and validated using cross-validation techniques to ensure stability

and prevent overfitting.

TOWARD IMPROVING BREAST CANCER CLASSIFICATION USING AN
ADAPTIVE VOTING ENSEMBLE LEARNING ALGORITHM 6



Stage 1\ Stage 2
) Data pre-processing Data visualization / Data pr.epared N
- NG I®

Data analysis
Feature extraction

* Feature importance
*  Decision boundaries * Data validation

Feature correlations +  Feature distribution «  Quality control
Parameters optimization : «  Model architecture

L‘ _________________________________ * Version control
\— i + Ensemble visualization
WDBC dataset collection

‘

1 5 > ¢ Stage 3
Class =0 Classifier Machine Learning
Malignant Breas't'(iar_\cer Alacrithrm
Bisiniaoadiid Classification Training set = Split data for
Class=1 L] P LGAM a8 .
3 ” =7 — c training and testing
@ ¢ - .00 L
prsmeeretrermmrer e, ..... ol | b & l
Performance \ e e e g % - "
evaluation and | 0= ‘o a2 e pras o8
) pregicnqn - ° :.... ' | ' 91
e® o0 | Votng . ‘
{" Result analysis and ) ee’ 00 V. - Training Tedsnng
i Accuracy 8 T : data ata
{_..comparison
Fig 1.6.1: Block diagram of proposed system.
Advantages

o The ensemble learning approach combines multiple machine learning models

o Helps in identifying breast cancer at an early stage, which increases the chances of treatment.

 Adaptive voting reduces misclassification by considering predictions from multiple classifier.

1.7 Input and Output Design
1.7.1 Input Design

The input design of the proposed system focuses on collecting and preparing the data required
for accurate breast cancer classification. The primary input is the Wisconsin Breast Cancer Diagnostic
(WBCD) dataset, which contains numerical features extracted from digitized images of fine needle
aspirate (FNA) of breast masses. These features describe important characteristics of the cell nuclei,
such as radius, texture, perimeter, area, smoothness, compactness, concavity, symmetry, and fractal
dimension. Each record in the dataset represents a tumor sample along with its corresponding

diagnosis label indicating whether it is benign or malignant.

Before providing the data to the machine learning model, preprocessing steps are performed to
improve data quality and model performance. These steps include removing unnecessary attributes,
handling missing values if present, selecting relevant features, and normalizing the data to ensure that

all feature values are within a similar range. The dataset is then divided into training and testing
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datasets, where the training data is used to build the model and the testing data is used to evaluate the
accuracy of the system. Proper input design ensures that the data is well-structured, clean, and suitable
for the ensemble learning algorithms, which helps in improving the reliability and effectiveness of

breast cancer prediction.

Objectives
e To develop an efficient and accurate system for early detection of breast cancer using

machine learning techniques.

¢ To improve the classification of tumors as benign or malignant using an adaptive voting
ensemble learning approach.

e The To combine multiple machine learning algorithms such as Extra Trees Classifier,
LightGBM, Ridge Classifier, and Linear Discriminant Analysis (LDA) to enhance

prediction performance.
1.7.2 Output Design

The output design of the proposed system provides the final prediction result indicating whether
the breast tumor is Benign (non-cancerous) or Malignant (cancerous) based on the input features from
the Wisconsin Breast Cancer Diagnostic (WBCD) dataset. After preprocessing and training the model
using multiple machine learning algorithms such as Extra Trees Classifier, LightGBM, Ridge
Classifier, and Linear Discriminant Analysis (LDA), the ensemble learning model applies an adaptive

voting mechanism to combine predictions from individual classifiers and generate a final decision.

Along with the classification result, the system also displays performance evaluation metrics such
as accuracy, precision, recall, and F1-score to measure the effectiveness and reliability of the model.
The output is presented in a clear and understandable format, which helps medical professionals in
making early and accurate decisions for breast cancer diagnosis, thereby improving treatment

planning and increasing survival chances.
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2. LITERATURE SURVEY

1. A. Batool and Y.-C. Byun, “Toward Improving Breast Cancer Classification Using an
Adaptive Voting Ensemble Learning Algorithm,” IEEE Access, 2025. This study proposes an
adaptive voting ensemble model combining Extra Trees, LightGBM, Ridge Classifier, and Linear
Discriminant Analysis for breast cancer classification. The model focuses on improving prediction
accuracy using ensemble learning. Experimental results show high performance with 97.6%

accuracy, 100% recall, and improved robustness compared to individual classifiers.

2. M. M. Islam et al., “Breast Cancer Prediction: A Comparative Study Using Machine
Learning Techniques,” Social Network Analysis and Mining, 2024. This work compares
multiple machine learning algorithms including SVM, Random Forest, and Naive Bayes for breast
cancer detection. The study highlights that ensemble and probabilistic models provide better
classification performance. However, model accuracy depends heavily on feature selection and

dataset quality.

3. A. S. Elkorany et al., “Breast Cancer Diagnosis Using Support Vector Machines Optimized
by Whale Optimization Algorithm,” IEEE Access, 2023. This research integrates optimization
techniques with SVM to improve classification accuracy. The model enhances feature selection
and parameter tuning. Results show improved diagnostic performance compared to traditional

SVM models.

4. N. Mohd Ali et al., “Machine Learning Algorithms with Grid Search Cross Validation for
Breast Cancer Classification,” Bulletin of Electrical Engineering and Informatics, 2023.
This study emphasizes hyperparameter tuning using grid search to improve classification
accuracy. Various classifiers such as Random Forest and SVM are evaluated. The results show

that optimized parameters significantly enhance prediction performance.

5. V. Birchha and B. Nigam, “Performance Analysis of Averaged Perceptron Classifier for
Breast Cancer Detection,” Procedia Computer Science, 2023. This research investigates the
impact of averaged perceptron models on classification accuracy. The study highlights the

importance of threshold tuning to reduce false positives and false negatives.
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6. V. A. M. De Barros et al., “Using Machine Learning and Artificial Intelligence for Healthcare
Data Analysis,” IEEE Access, 2023. This study explores the role of AI and ML in healthcare
applications including cancer detection. It highlights the effectiveness of ensemble learning and data-

driven models. The research emphasizes scalability and real-world implementation challenges.

7. F. Budiman et al., “Optimization of Classification Results by Minimizing Class Imbalance
on Decision Tree Algorithm,” 2022/2023. This research addresses class imbalance issues in
medical datasets. Oversampling techniques such as SMOTE are used to improve classification

performance. The study shows better balance between sensitivity and specificity.

8. T. S. Akbulut et al., “Classification of Breast Cancer Using Boosting Models,” 2022/2023
(extended work). This study explores boosting techniques such as Gradient Boosting for breast
cancer classification. The model improves prediction accuracy by reducing bias and variance.

However, it increases computational complexity during training.

9. M. Umer et al., “Breast Cancer Detection Using Ensemble Machine Learning Algorithms,”
Cancers Journal, 2022. The authors propose an ensemble-based approach combining multiple
classifiers for improved diagnosis. The model demonstrates higher accuracy and stability

compared to individual models. Ensemble learning proves effective in handling noisy medical.

10. F. Budiman et al., “Optimization of Classification Results by Minimizing Class Imbalance,”
ISMODE Conference, 2022. This study addresses class imbalance issues in breast cancer
datasets using oversampling techniques. The results indicate improved classification performance,

though challenges remain in defining clear decision boundaries.
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3. SOFTWARE REQUREIMENTS ANALYSIS
3.1 Modules and Their Functionalities
3.1.1 Data Collection

Data collection is a crucial step in the development of the breast cancer classification system, as
the performance of the machine learning model largely depends on the quality and relevance of the
data used. In this project, the dataset is obtained from the Wisconsin Breast Cancer Diagnostic
(WBCD) dataset, which is widely used for research in medical diagnosis and classification tasks. This
dataset contains information collected from breast cancer patients, where each record represents

features computed from digitized images of fine needle aspirate (FNA) of breast masses.

The dataset consists of a total of 569 instances, with each instance described by 32 attributes,
including an ID, diagnosis label, and 30 real-valued features such as radius, texture, perimeter, area,
smoothness, concavity, symmetry, and fractal dimension. These features provide significant insights
into the characteristics of cell nuclei, which help in distinguishing between benign and malignant

tumors.

Among the total samples, 357 instances are labeled as benign (non-cancerous), while 212
instances are labeled as malignant (cancerous). The data is collected from a reliable and publicly
available repository, ensuring authenticity and consistency. The dataset is well-structured and does

not require extensive manual data collection, which reduces errors and improves reproducibility.

3.1.2 Data Preprocessing

Data preprocessing is an essential step in the development of an accurate and reliable breast
cancer classification model. Raw data collected from the dataset often contains inconsistencies,
missing values, and irrelevant features, which can negatively impact the performance of machine
learning algorithms. Therefore, preprocessing is performed to clean, transform, and prepare the data
for effective model training. Initially, the dataset is examined to identify missing or null values. If any
missing data is present, it is handled by either removing the corresponding records or replacing them
with suitable statistical measures such as mean or median. In this dataset, most of the values are
complete, which reduces the need for extensive data cleaning. Additionally, duplicate entries and
unnecessary attributes such as patient ID are removed, as they do not contribute to the classification

process.
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Next, the categorical target variable (diagnosis) is converted into numerical form, where malignant
(M) is encoded as 0 and benign (B) as 1. This transformation is necessary because machine learning
models require numerical input for processing. Feature scaling is then applied to normalize the data,
ensuring that all features contribute equally to the model. Techniques such as standardization or

normalization are used to bring feature values into a similar range.

Furthermore, feature selection is performed to identify the most relevant attributes that
significantly influence the classification outcome. Methods such as correlation analysis and statistical
techniques help in removing redundant and less important features, thereby reducing dimensionality

and improving model efficiency.

3.1.3 Machine Learning Algorithm for Prediction

Machine learning algorithms play a vital role in predicting whether a breast tumor is benign or
malignant based on the input features. In this project, multiple machine learning algorithms are
utilized to improve the accuracy and reliability of the prediction system. These algorithms learn
patterns from the preprocessed dataset and generate models capable of making accurate classifications

on unseen data.

Initially, individual classifiers such as Extra Trees Classifier, Light Gradient Boosting Machine
(LightGBM), Ridge Classifier, and Linear Discriminant Analysis (LDA) are applied. The Extra Trees
Classifier is an ensemble learning method based on decision trees that improves prediction accuracy
by reducing variance through randomization. LightGBM is a gradient boosting framework that
efficiently handles large datasets and provides faster training with high accuracy. The Ridge Classifier
is a linear model that applies regularization to prevent overfitting, while LDA 1is used for

dimensionality reduction and classification by maximizing class separability.

To further enhance performance, a voting ensemble technique is employed. In this approach,
predictions from multiple base classifiers are combined to produce a final output. The model uses a
hard voting mechanism, where the final prediction is determined based on the majority vote of

individual classifiers.

This ensemble method improves overall accuracy, reduces the impact of individual model
weaknesses, and increases robustness against noisy data. The machine learning models are trained

using a portion of the dataset and tested on unseen data to evaluate their performance. Evaluation
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metrics such as accuracy, precision, recall, and F1-score are used to measure the effectiveness of the

algorithms.

Machine learning algorithms play a crucial role in predicting and classifying breast cancer by
analyzing patterns present in medical data. In this project, multiple supervised machine learning

algorithms are used to improve the accuracy and reliability of predictions.

The Extra Trees Classifier is an ensemble-based method that builds multiple randomized decision
trees and combines their outputs to improve prediction accuracy and reduce overfitting. LightGBM is
a gradient boosting framework that efficiently handles large datasets and provides high performance
by growing trees in a leaf-wise manner. The Ridge Classifier is a linear model that uses L2
regularization to prevent overfitting and improve generalization. Linear Discriminant Analysis is used
for dimensionality reduction and classification by maximizing the separation between different

classes.

These algorithms are trained using the breast cancer dataset, where each model learns patterns
that distinguish between benign and malignant tumors. After training, their predictions are combined
using a voting ensemble technique, where the final output is determined based on the majority vote

of all models.

Data preprocessing plays a significant role in enhancing the effectiveness of these algorithms.
Techniques such as normalization, feature scaling, and handling missing values are applied to ensure
that the input data is suitable for model training. Feature selection is also performed to remove
irrelevant or redundant attributes, which helps in reducing complexity and improving model

efficiency.

The ensemble voting mechanism combines the predictions of all individual models using a
majority voting strategy. This approach ensures that the final prediction is not dependent on a single
model, thereby increasing reliability and reducing the chances of misclassification. It also helps in

balancing the strengths and weaknesses of different algorithms.
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3.2 Functional Requirements

Functional requirements define the core operations and functionalities that the proposed breast
cancer classification system must perform. These requirements describe how the system behaves,
processes input data, and produces accurate predictions using machine learning techniques. The
system should be capable of collecting and accepting input data from the dataset, including relevant
features related to breast cancer diagnosis. It must allow the user to upload or access the dataset and

ensure that the data is properly stored and managed for further processing.

The system should perform data preprocessing operations such as handling missing values,
removing irrelevant attributes, encoding categorical data, and scaling features. This ensures that the
input data is clean, consistent, and suitable for machine learning algorithms. Another important

requirement is the implementation of machine learning models.

The functional requirements of the proposed breast cancer classification system describe the
essential operations and functionalities that the system must perform. The system should be capable
of accepting patient data as input, either through manual entry or dataset upload. It must preprocess

the data by handling missing values, normalizing features, and preparing it for analysis.

The system should perform feature selection to identify the most relevant attributes that contribute
to accurate classification. It must train multiple machine learning models, including Extra Trees,

LightGBM, Ridge Classifier, and Linear Discriminant Analysis, using the training dataset.

Further, the system should integrate these models using an ensemble voting technique to generate
a final prediction. It must classify the tumor as benign or malignant and display the result clearly to the

user.

The system should perform feature selection to identify the most relevant attributes that
significantly influence the classification process. It must then train multiple machine learning models,
including Extra Trees, LightGBM, Ridge Classifier, and Linear Discriminant Analysis, using the

prepared dataset.
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33 Non-Functional Requirements

Non-functional requirements define the quality attributes and performance standards of the breast
cancer classification system. These requirements focus on how the system operates rather than what
it does, ensuring reliability, efficiency, and usability. The system should provide high accuracy and
reliability in predicting breast cancer outcomes. Since the application is related to healthcare, it is
essential that the model produces consistent and dependable results with minimal errors. The system
must also ensure robustness, meaning it should handle noisy or incomplete data without significant

degradation in performance.

Performance is another critical requirement. The system should process data efficiently and
provide predictions within a short time. Training time should be optimized, and prediction latency
should be minimal to support real-time or near real-time applications. Scalability is important to ensure
that the system can handle increasing amounts of data in the future. As larger datasets become

available, the system should be able to adapt without requiring major modification.

Non-functional requirements define the quality attributes and performance standards of the breast
cancer classification system. These requirements ensure that the system operates efficiently, reliably,

and securely while delivering accurate results.

The system should provide high performance by processing input data and generating predictions
within a short time. It must be efficient in handling computational tasks and should not consume
excessive system resources. Reliability is another key requirement, where the system must

consistently produce accurate and stable results without failure.

The system should be user-friendly, with a simple and intuitive interface that allows users to
interact with it easily without requiring technical expertise. It should also ensure scalability, meaning

it can handle increasing amounts of data or users without significant degradation in performance.

Security is an important aspect, as the system must protect sensitive medical data from
unauthorized access. Proper validation and error-handling mechanisms should be implemented to

prevent system crashes and ensure smooth operation even under unexpected conditions.
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34 Feasibility Study

The feasibility study breast cancer classification system is economically feasible as it relies on open-
source tools such as Python, Scikit-learn, LightGBM, NumPy, and Pandas, which eliminates the need
for expensive software licenses. The use of freely available datasets like the Wisconsin Breast Cancer
Diagnostic dataset further reduces development costs. Additionally, the system can be deployed on
standard computing environments or scalable cloud platforms such as AWS or Google Cloud,
minimizing infrastructure expenses. The system is highly feasible as it utilizes well-established
machine learning frameworks and algorithms.
1.Economic Feasibility
2. Technical Feasibility
3. Social Feasibility
4.0Operation Feasibility
5. Time Feasibility

3.4.1 Economic Feasibility

The system is cost-effective as it utilizes open-source software and tools, which eliminates the
need for expensive licenses. The development cost is minimal since the project is implemented using
freely available datasets and libraries. Maintenance and operational costs are also low, making the
system economically feasible for implementation in educational and healthcare environments. The

system is economically feasible because it relies on open-source tools and freely available datasets.

3.4.2 Technical Feasibility

Technical feasibility as it uses widely available technologies and tools such as Python and
machine learning libraries like NumPy, Pandas, Scikit-learn, and LightGBM. The algorithms used in
the system, including Extra Trees, Ridge Classifier, and LDA, are well-established and can be
implemented efficiently. The system does not require highly advanced hardware and can run on
standard computers with moderate configurations. Hence, the technical requirements for developing
and deploying the system are easily achievable. Technical feasibility examines whether the reuired

technology, tools and resources are available to develop and implement the system.
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3.4.3 Social Feasibility

Social feasibility refers to the acceptance and impact of the proposed breast cancer classification
system on society, particularly among patients, healthcare professionals, and medical institutions. It
evaluates whether the system will be beneficial, acceptable, and useful in real-world healthcare
environments. The proposed system has high social feasibility as it contributes to early detection of
breast cancer, which can significantly improve survival rates and reduce mortality. By providing
accurate and timely predictions, the system supports doctors in making better clinical decisions and
enhances the overall quality of healthcare services. The system is designed to be user-friendly, making
it accessible to medical staff with basic technical knowledge. It does not require complex interactions,
which ensures ease of adoption in hospitals and diagnostic centers. Additionally, the system can assist

in reducing the workload of healthcare professionals by automating the initial screening process.

3.4.4 Operational Feasibility

The proposed system is user-friendly and easy to operate. It does not require extensive technical
knowledge to use the system once it is developed. The system provides clear and accurate outputs,
which can assist medical professionals in decision-making. It can be integrated into existing
healthcare system without major changes, making it operationally feasible. Operational feasibility
determines whether the system can be effectively used in real-world conditions and whether it meets
user requirements. The proposed system is simple, user-friendly, and easy to operate. It can assist
healthcare professionals in diagnosing breast cancer by providing accurate and quick predictions. The
system reduces manual effort and supports decision-making without requiring extensive technical

knowledge.

3.4.5 TIME FEASIBILITY

The development of the proposed system can be completed within a reasonable time frame. Since
the project uses existing datasets and established machine learning techniques, the implementation
process is straightforward. Proper planning and development ensure timely completion of the project.
The time feasibility refer to the assessment of whether the project can be completed within the
specified time frame. It ensures that all phases of the project, including planning, development,

testing, and documentation, are carried out efficiently without unnecessary delays.
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4. SOFTWARE AND HARDWARE REQUIREMENTS

4.1 Software Requirements

Software requirements define the tools, platforms, and technologies needed to develop and
implement the proposed breast cancer classification system. These requirements ensure that the system
functions efficiently and supports all stages of data processing, model training, and prediction. The
system requires a programming environment that supports machine learning and data analysis. Python

is used as the primary programming language due to its simplicity and extensive library support.

Operating System: Windows / Linux / macOS

Programming Language: Python

Core Libraries: NumPy, Pandas, Scikit-learn, LightGBM, Matplotlib

Development Environment: VS Code / PyCharm / Jupyter Notebook

42 Hardware Requirements

Hardware requirements define the physical components needed to develop, train, and run the
breast cancer classification system efficiently. These requirements ensure smooth execution of
machine learning algorithms and data processing tasks. The system requires a computer or laptop with
a minimum of Intel Core 13 processor or equivalent, although a higher configuration such as Intel Core
15 or 17 is recommended for better performance. A minimum of 4 GB RAM is required, but 8§ GB or

more is preferred to handle data processing and model training efficiently without delays.

Processor: Intel Core13/i5 or equivalent
Memory (RAM): Minimum 8 GB

Hard disk: Minimum 500GB

Operating system: Windows
GPU(Optional): For faster computation
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5. SOFTWARE DESIGN

5.1 System Architecture
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The system architecture of the proposed breast cancer classification system defines the overall
structure and workflow of the system, illustrating how different components interact to process data
and generate predictions. The architecture is designed to ensure efficient data handling, accurate
model training, and reliable output generation. The system begins with the data input layer, where the
breast cancer dataset is collected and provided as input. This dataset contains various features related
to tumor characteristics, which are essential for classification. The input data is then passed to the data
preprocessing module, where tasks such as data cleaning, handling missing values, encoding
categorical variables, and feature scaling are performed. This step ensures that the data is consistent
and suitable for machine learning algorithms After preprocessing, the data moves to the feature
selection and extraction module, where the most relevant features are identified. This helps in

reducing dimensionality, improving model performance, and minimizing computational complexity.

The processed data is then fed into the machine learning module, which consists of multiple
classifiers such as Extra Trees, LightGBM, Ridge Classifier, and Linear Discriminant Analysis. Each
model is trained independently on the dataset to learn patterns and relationships between features and
the target variable. Next, the outputs of these individual models are combined using an ensemble
voting classifier. This module aggregates predictions from all base classifiers and determines the final
output based on majority voting. This approach improves accuracy, stability, and robustness of the

system.

Finally, the system produces results through the output layer, where the prediction is displayed
as either benign or malignant. Additionally, performance evaluation metrics such as accuracy,
precision, recall, and Fl-score are calculated to assess the effectiveness of the model. the system
architecture follows a structured pipeline approach, ensuring smooth data flow from input to output

while enhancing prediction accuracy through ensemble learning techniques.

The architecture is designed to be modular, meaning each component operates independently but
1s well integrated with others. This modular design improves flexibility, making it easier to update or
replace individual components without affecting the entire system. For example, new algorithms or

datasets can be incorporated into the system with minimal changes.

Additionally, the system can be extended to a cloud-based architecture, where data storage,
processing, and model deployment are handled online. This allows for better scalability, remote
access, and real-time predictions. It also enables integration with healthcare systems for practical

applications.
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5.2 Dataflow Diagram

The Level 0 (Context Diagram), the system is represented as a single process. The user or data
source provides input data (breast cancer dataset), and the system processes it to generate the output,
which is the prediction result (benign or malignant). This level shows the overall interaction between
the user and the system. At the Level 1 DFD, the system is divided into major processes. The first

process is Data Collection, where the dataset is obtained and stored.

After feature selection, the data flows into the Machine Learning Module, where different
classifiers such as Extra Trees, LightGBM, Ridge Classifier, and LDA are applied. Each model
generates predictions based on the input data. These predictions are then sent to the Ensemble Voting
Module, which combines the outputs of all classifiers and determines the final result using majority

voting.

The final stage is the Output Module, where the system displays the prediction results along with
performance metrics such as accuracy, precision, recall, and Fl-score. This output helps users

understand the classification and evaluate the effectiveness of the model.
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53 UML Diagrams

UML (Unified Modeling Language) is a standardized language used for specifying, visualizing,
constructing, and documenting the artifacts of software systems. UML helps in representing the design
of systems and understanding their components. Created by the Object Management Group (OMG),
UML 1.0 was proposed in January 1997. UML is closely associated with object-oriented analysis and
design. The two main categories of UML diagrams are Behavioral and Structural diagrams, each

serving distinct purposes in the modeling process.

The Behavioral UML diagrams describe the behavior of the system, its actors, and the interaction
between the components. On the other hand, Structural UML diagrams depict the static structure of
the system, showing its components and relationships. UML has been integrated as a standard by OMG,
and its primary goals are to provide a formal basis for understanding modeling languages, offer a
ready-to- use expressive language for system developers, and encourage the growth of object-oriented

tools.

Goals of UML
* To provide a standard visual representation of the system design.
* To simplify understanding of system architecture for developers and reviewers.
* Toimprove communication among team members during development.
* Tomodel both structural and behavioral aspects of the system.
* To support object-oriented design and development practices.

* Todocument the system clearly for future reference and maintenance.

Types of UML Diagrams
1.Sequence Diagram
2.Use Case Diagram

3.Activity Diagram

4.Class Diagram
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5.3.1.Sequence Diagram

The A Sequence Diagram represents the step-by-step interaction between different components
of the breast cancer classification system over time. It shows how data flows between the user, system
modules, and machine learning models to produce the final prediction. The sequence begins with the
user providing input data to the system. This data may either be uploaded from the dataset or entered
manually. The system receives the input and forwards it to the data preprocessing module, where tasks
such as data cleaning, normalization, and feature transformation are performed to prepare the data for
analysis. Once preprocessing is completed, the processed data is passed to the feature selection
module, which identifies the most relevant features required for accurate prediction. This step helps
in reducing unnecessary data and improving model efficiency. The selected features are then sent to
the machine learning module, where multiple classifiers such as Extra Trees, LightGBM, Ridge
Classifier, and Linear Discriminant Analysis process the data independently. Each classifier analyzes

the input and generates its own prediction based on learned patterns.
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List of actions

* User
The user provides input data by uploading the breast cancer dataset or entering new patient data into

the system.

* Data Preprocessing

The system receives the input and forwards it to the data preprocessing module for cleaning and
transformation. The preprocessing module performs operations such as handling missing values,

normalization, and encoding, then sends processed data to the next stage.
* Feature Selection Module

The processed data is passed to the feature selection module, where important features are identified

and irrelevant ones are removed.

* Machine Learning Module

The selected features are then forwarded to the machine learning module for prediction. Multiple
classifiers such as Extra Trees, LightGBM, Ridge Classifier, and LDA independently process the
input data and generate predictions. The outputs from all classifiers are sent to the ensemble voting
module. The ensemble module combines individual predictions using a majority voting mechanism

to determine the final result.

5.3.2 Use Case Diagram

The Use Case Diagram represents the interactions between different actors and the breast cancer
classification system developed using an adaptive voting ensemble learning algorithm. It illustrates
how users interact with the system and how various functionalities are executed to achieve accurate
prediction results. The primary actors involved in the system are the Researcher, Clinician, and the
System (Admin/ML Engine). The researcher is responsible for handling data-related operations such

as preprocessing and feature extraction.

One of the key use cases is Data Preprocessing, where raw breast cancer data is cleaned,
normalized, and transformed into a suitable format. This process ensures that the data is free from
noise and inconsistencies. Closely related is the Feature Extraction use case, which identifies the most

relevant features required for accurate classification.
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Another important use case is Train Ensemble Models, where multiple machine learning
algorithms such as Extra Trees, LightGBM, Ridge Classifier, and Linear Discriminant Analysis are
trained using the processed dataset. These models learn patterns from the data to perform classification

tasks.

The Adaptive Voting Fusion use case is a core component of the system. It combines predictions
from multiple classifiers using a voting mechanism to produce a final output. This approach enhances

accuracy and reliability compared to individual models.

The system also includes a Performance Evaluation use case, where the trained model is
evaluated using metrics such as accuracy, precision, recall, and F1-score. This helps in assessing the

effectiveness of the model and identifying areas for improvement.

Finally, the Result Analysis and Reports use case allows clinicians to interpret the prediction
results. The system presents outputs in an understandable format, enabling better decision-making in

diagnosing breast cancer.
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5.3.3 Activity Diagram

An Activity Diagram is a type of UML diagram that represents the workflow of a system. It shows
the sequence of activities and the flow of control from one activity to another. It is useful for
understanding the overall process and how different operations are executed step by step. In this
project, the activity diagram illustrates the workflow of the breast cancer classification system using

an adaptive voting ensemble approach.
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5.3.4. Class Diagram

The Class Diagram represents the static structure of the breast cancer classification system
developed using an adaptive voting ensemble learning algorithm. It illustrates the different classes in
the system, their attributes, methods, and the relationships among them. This diagram helps in

understanding how data and functionalities are organized within the system.

The main class in the system is the Breast Cancer Classification System, which acts as the central
controller. It manages the overall workflow, including data processing, model training, prediction,
and evaluation. This class interacts with all other classes and coordinates the execution of tasks. In
terms of relationships, the Breast Cancer Classification System class has associations with all other
classes. The ML Model class has a many-to-one relationship with the Ensemble Voting Classifier, as
multiple models contribute to a single ensemble output. The Preprocessing and Feature Selection
classes are sequentially dependent, while the Evaluation and Result Analysis classes depend on the

output generated by the ensemble model.

Breast Cancer Classification Using Adaptive Voting Ensemble
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6. CODING AND IMPLEMENTATION

6.1 Source Code

Datasetl.ipynb

Intilization
import os

from Django.core.asgi import get asgi application
os.environ.setdefault(‘DJANGO_SETTING MODULE’,’Backend.settings’)

application = get_asgi_application()

Asgi.py

import 0s

from django.core.asgi import get asgi_application
os.environ.setdefault('DJANGO_SETTINGS MODULE', 'Backend.settings')

application = get _asgi_application()

Settings.py
import os

from pathlib import Path

# Build paths inside the project like this: BASE DIR /'subdir'.
BASE DIR = Path(_file_).resolve().parent.parent

# Quick-start development settings - unsuitable for production

# See https://docs.djangoproject.com/en/4.2/howto/deployment/checklist/

# SECURITY WARNING: keep the secret key used in production secret!
SECRET KEY = 'django-insecure-+$qij7fhOho@; #%
53bjmmO03xx6m_&n(!Sc@k(eesc &19=x'

# SECURITY WARNING: don't run with debug turned on in production!
DEBUG = True
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ALLOWED HOSTS =[]

# Application definition

INSTALLED APPS =]
'django.contrib.admin’,
'django.contrib.auth’,
'django.contrib.contenttypes',
'django.contrib.sessions',
'django.contrib.messages',
'django.contrib.staticfiles',
'User',

'Admins',

MIDDLEWARE =[
'django.middleware.security.SecurityMiddleware',
'django.contrib.sessions.middleware.SessionMiddleware',
'django.middleware.common.CommonMiddleware',
'django.middleware.csrf.CsrfViewMiddleware',
'django.contrib.auth.middleware. AuthenticationMiddleware',
'django.contrib.messages.middleware.MessageMiddleware',
'django.middleware.clickjacking. XFrameOptionsMiddleware',

]
ROOT_URLCONF ='Backend.urls'

TEMPLATES =
{
'BACKEND'": 'django.template.backends.django.DjangoTemplates',
'DIRS': [BASE DIR / 'templates'],
'APP_DIRS": True,
'OPTIONS": {

'context_processors': [
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'django.template.context processors.debug',
'django.template.context processors.request’,
'django.contrib.auth.context processors.auth',

'django.contrib.messages.context processors.messages',

WSGI_APPLICATION ='Backend.wsgi.application’

# Database
# https://docs.djangoproject.com/en/4.2/ref/settings/#databases

DATABASES = {
'default': {
'ENGINE": 'django.db.backends.sqlite3',
'NAME'": BASE DIR /'db.sqlite3',

# Password validation

# https://docs.djangoproject.com/en/4.2/ref/settings/#auth-password-validators

AUTH _PASSWORD VALIDATORS =[
{

'NAME'": 'django.contrib.auth.password validation.
UserAttributeSimilarity Validator',

'NAME": 'django.contrib.auth.password _validation.
MinimumLengthValidator',
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'NAME': 'django.contrib.auth.password validation.

CommonPasswordValidator',

5>
{
'NAME": 'django.contrib.auth.password validation.
NumericPasswordValidator',
5,

]

# Internationalization

# https://docs.djangoproject.com/en/4.2/topics/i18n/

LANGUAGE CODE ='en-us'

TIME ZONE ='UTC'

USE_I18N = True

USE TZ =True

# Static files (CSS, JavaScript, Images)
# https://docs.djangoproject.com/en/4.2/howto/static-files/

STATIC URL ='static/'
STATICFILES DIRS = [os.path.join(BASE DIR, 'static'),]

MEDIA URL ="/media/
MEDIA_ROOT = os.path.join(BASE DIR, 'media')

# Default primary key field type
# https://docs.djangoproject.com/en/4.2/ref/settings/#default-auto-field

DEFAULT AUTO_FIELD ='django.db.models.BigAutoField'
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Urls.py

from django.contrib import admin
from django.urls import path, include
from django.conf import settings

from django.conf.urls.static import static

from Backend.views import *

urlpatterns = [
path('admin/', admin.site.urls),
path('User/', include('User.urls')),
path("Admins/', include('Admins.urls")),

path(", index, name="index'),

path('home page/', index, name="home_page'),
path('login_page/', login_page, name='login page'),
path('register page/', register page, name='register _page'),
path(‘user_logout/', user logout, name="user logout'),
path(‘'user_login/', user login, name='user login'),

path('user registration/', user registration, name='user registration')

]
if settings. DEBUG:

urlpatterns += static(settings. MEDIA URL, document root=
settings. MEDIA_ ROOT)

views.py

from django.shortcuts import render, redirect

from django.contrib.auth.models import User

from django.contrib.auth import authenticate, login, logout

from django.contrib import messages
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def index(request):

return render(request, "index.html")

deflogin_page(request):

return render(request, "login.html")

defregister page(request):

return render(request, "register.html")

# Define the login function
defuser login(request):
if request.method == "POST":
username = request.POST.get('username’)

password = request.POST.get("password')

# Authenticate user

user = authenticate(request, username=username, password=password)

ifuser is not None:
ifnotuser.is_active:
# User is inactive
messages.error(request, "Your account is inactive.
Please contact the admin.")

return redirect('login_page')

# Login the user

login(request, user)

ifuser.is_staff or user.is_superuser:
# Redirect to admin home if user is staff
return redirect('adminhome’)

else:
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# Redirect to user home if user is not staff
return redirect('userhome')
else:
# Invalid username or password
messages.error(request, "Invalid username or password.")

return redirect('login_page')

return render(request, 'login.html')

# Define the user registration function
defuser registration(request):
if request.method == "POST":
username = request.POST.get('username")
email = request.POST.get('email')
password = request.POST.get('password')
confirm_password = request.POST.get('confirm_password')
first name = request.POST.get('first name')

last name = request.POST.get('last name")

# Check if passwords match
if password != confirm_password:
messages.error(request, "Passwords do not match.")

return redirect('register page')

# Check if username already exists

if User.objects.filter(username=username).exists():
messages.error(request, "Username already exists.")
return redirect('register_page')

# Check if email already exists

if User.objects.filter(email=email).exists():
messages.error(request, "Email already exists.")

return redirect('register page')
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# Create the user with is_active set to False

user = User.objects.create user(

username=username,
email=email,
password=password,
first name=first name,
last name=last name
)
user.is_active = False # Set is_active to False by default

user.save()

messages.success(request, "Registration successful! Please
wait for admin approval.")

return redirect('login_page')

return render(request, 'register.html')

# Define the logout function
def user logout(request):
logout(request)
messages.success(request, "You have been logged out successfully.")

return redirect('login_page')

wsgi.py

import os

from django.core.wsgi import get wsgi_application
os.environ.setdefault('DJANGO_SETTINGS MODULE', 'Backend.settings')

application = get wsgi application()
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gentic.ipynb

import numpy as np

import pandas as pd

import joblib

from sklearn.model selection import train_test split

from sklearn.ensemble import RandomForestClassifier

from sklearn.metrics import accuracy score

from deap import base, creator, tools, algorithms

# Load dataset

file path = "breast-cancer.csv"

cancer = pd.read_csv(file path)

# Preprocess the data

X = cancer.drop(columns=["diagnosis"])

y =cancer['diagnosis'].replace({'M": 1, 'B": 0}) # Encoding labels
# Split the data

X train, X test,y train,y test=train test split(X,y, test size=0.3,
random_state=42, stratify=y)

# Define Genetic Algorithm components
num_features = X_train.shape[1]
def fitness_function(individual):
selected features = [bool(1) for 1 in individual]
X train_selected = X_train.iloc[:, selected features]
X test selected = X _test.iloc[:, selected features]
if X train_selected.shape[1]==0: # Handle cases where no features are selected
return 0,
model = RandomForestClassifier(random_state=42)
model.fit(X_train_selected, y_train)
y_pred = model.predict(X_test selected)
return accuracy_score(y_test, y pred),
creator.create("FitnessMax", base.Fitness, weights=(1.0,))

creator.create(""Individual", list, fitness=creator.FitnessMax)
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toolbox = base.Toolbox()

toolbox.register("attr bool", np.random.randint, 0, 2)
toolbox.register("individual", tools.initRepeat, creator.Individual,
toolbox.attr bool, n=num_features)

toolbox.register("population", tools.initRepeat, list, toolbox.individual)

toolbox.register("mate", tools.cxTwoPoint)
toolbox.register("mutate", tools.mutFlipBit, indpb=0.1)
toolbox.register("select", tools.selTournament, tournsize=3)
toolbox.register("evaluate", fitness_function)

# Run Genetic Algorithm

population_size = 50

generations = 20

crossover_prob =0.8

mutation_prob =0.2

population = toolbox.population(n=population_size)

result, log = algorithms.eaSimple(
population, toolbox, cxpb=crossover prob, mutpb=mutation
prob, ngen=generations, verbose=True

# Extract best individual

best_individual =tools.selBest(population, k=1)[0]

selected features = [bool(i) foriin best_individual]

print("\nSelected Features:")

print(X.columns[selected features])

# Train final model with selected features

X train_selected = X_train.iloc[:, selected_features]

X test selected = X _test.iloc[:, selected features]

final model = RandomForestClassifier(random_state=42)

final model.fit(X train selected, y train)
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# Evaluate final model
y_pred = final model.predict(X test selected)
print("\nFinal Accuracy with Selected Features:", accuracy score(y test,y pred))
# Save model and selected features
joblib.dump(final model, "genetic rf model.pkl")
joblib.dump(selected features, "selected features.pkl")
print("\nModel and selected features saved successfully!")
# Custom input prediction
defpredict _custom_input(custom_input):

# Load the model and selected features

model = joblib.load("genetic_rf model.pkl")

selected features = joblib.load("selected features.pkl")

# Ensure the custom input matches the feature set

custom_input_selected = np.array(custom_input)[selected features].reshape(1,

# Predict using the saved model

prediction = model.predict(custom_input_selected)

return "Malignant" if prediction[0] == 1 else "Benign"
# Example usage for custom input
custom_input = X.iloc[0].values # Replace with your custom input
prediction = predict_custom_input(custom_input)

print("\nCustom Input Prediction:", prediction)

Model. ipynb
import pandas as pd
import matplotlib.pyplot as plt
import seaborn as sns
from sklearn.model selection import train_test split
from sklearn.preprocessing import StandardScaler
# Load the dataset
file_path = "breast-cancer.csv"
cancer = pd.read _csv(file path)
X train, X test,y train, y test=train test split(X,y,

-1)
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test size=0.3, random_state=42, stratify=y)
# Standardize the features

scaler = StandardScaler()

X train = scaler.fit transform(X train)
X test = scaler.transform(X_test)
# Display the preprocessed data shapes
print("\nPreprocessed Data Shapes:")
print(f'X_train: {X train.shape}, X test: {X test.shape}")
print(f'y train: {y train.shape}, y test: {y test.shape}")
from sklearn.svm import SVC
from sklearn.ensemble import RandomForestClassifier,
ExtraTreesClassifier, VotingClassifier
from sklearn.neighbors import KNeighborsClassifier
from sklearn.linear_model import LogisticRegression, RidgeClassifier
from sklearn.naive bayes import GaussianNB
from sklearn.discriminant_analysis import LinearDiscriminantAnalysis
from sklearn.metrics import accuracy_score, precision_score,
recall_score, fl_score, confusion_matrix, classification_report
from xgboost import XGBClassifier
from lightgbm import LGBMClassifier
import tensorflow as tf
from tensorflow.keras.models import Sequential
from tensorflow keras.layers import Dense, Dropout
def'evaluate model(model, X train, X test,y train,y test):
model.fit(X_train, y train)
y_pred = model.predict(X _test)
print(f" Accuracy: {accuracy score(y test,y pred):.4f}")
print(f'Precision: {precision_score(y test,y pred):.4f}")
print(f'Recall: {recall score(y test, y pred):.4f}")
print(f"F1 Score: {f1 _score(y test, y pred):.4f}")
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print("\nClassification Report:\n", classification report(y test,y pred))
print("\nConfusion Matrix:\n", confusion _matrix(y_test, y pred))
print("-" * 50)
print("\nSupport Vector Machines (SVM):")
svm_model = SVC(kernel="linear', random_ state=42)
evaluate model(svm_model, X train, X test,y train,y test)
print("\nRandom Forest (RF):")
rf model = RandomForestClassifier(n_estimators=100, random_state=42)
evaluate model(rf model, X train, X test, y train, y_test)
print("\nK-Nearest Neighbors (KNN):")
knn_model = KNeighborsClassifier(n_neighbors=>5)
evaluate_ model(knn_model, X train, X test,y train,y test)
print("\nLogistic Regression:")
logistic_ model = LogisticRegression(random_state=42)
evaluate model(logistic_ model, X train, X test,y train,y test)
print("\nNaive Bayes:")
nb_model = GaussianNB()
evaluate model(nb_model, X train, X test,y train,y test)
print("\nXGBoost:")
xgb_model = XGBClassifier(use label encoder=False,
eval metric="logloss', random_state=42)
evaluate model(xgb_model, X train, X test,y train,y test)
print("\nExtra Trees Classifier (ETC):")
etc_model = ExtraTreesClassifier(n_estimators=100, random_state=42)
evaluate model(etc_model, X train, X test, y train, y test)
print("\nLight Gradient Boosting Machine (LightGBM):")
lgbm model = LGBMClassifier(random_state=42)

evaluate_model(Igbm model, X train, X test, y train, y test)

print("\nRidge Classifier (RC):")
ridge model = RidgeClassifier()
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evaluate model(ridge model, X train, X test,y train,y test)
print("\nEnsemble Voting Classifier:")
voting_model = VotingClassifier(
estimators=|
('svm', svm_model), ('rf', rf model), ('knn', knn_model),
('log', logistic_model), ('nb', nb_model)
I8
voting="hard'
)
evaluate model(voting_model, X train, X test,y train,y_test)
# Convolutional Neural Networks (CNNs)
print("\nConvolutional Neural Networks (CNNs):")
cnn_model = Sequential([
Dense(64, activation="relu', input_shape=(X train.shape[1],)),
Dropout(0.3),
Dense(32, activation="relu'),
Dropout(0.3),
Dense(1, activation="sigmoid')

D

cnn_model.compile(optimizer="adam’, loss='binary_crossentropy’,
metrics=["accuracy'])

history = cnn_model.fit(X_train, y_train, validation_data=(X_test,y test),
epochs=100, batch_size=32, verbose=0)

cnn_eval =cnn_model.evaluate(X test, y test, verbose=0)

print(f"Accuracy: {cnn_eval[1]:.4f}")
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6.2 Implementation

6.2.1 Front-End Implementation

The front-end implementation of the proposed system for breast cancer classification using an
adaptive voting ensemble learning algorithm focuses on designing an intuitive, responsive, and user-
friendly interface that allows users to interact with the model efficiently. It acts as the communication

layer between the user and the backend machine learning system.

The front-end is developed using modern web technologies such as HTML, CSS, and JavaScript,
ensuring compatibility across multiple devices and browsers. Frameworks like Bootstrap may be used
to enhance responsiveness and improve the visual appeal of the application. The primary objective of
the front-end is to simplify user interaction while presenting complex machine learning results in an

understandable format.

Once the user submits the input data, the front-end communicates with the backend using APIs (such
as RESTful services). The backend processes the input using the trained ensemble model and returns
the prediction results. The front-end then dynamically displays the output, indicating whether the tumor

is benign or malignant, along with additional performance insights if required.

To enhance usability, the interface may include graphical representations such as charts,
confusion matrices, or prediction summaries. These visual elements help users better understand the
classification results and model performance. Additionally, navigation components like dashboards,

menus, and result pages are structured to ensure smooth user experience.

Error handling and feedback mechanisms are also incorporated in the front-end design. If invalid
data is entered or if there is a system issue, appropriate messages are displayed to guide the user. This
ensures robustness and improves user trust in the system. In addition to the basic interface design, the
front-end implementation also emphasizes interactive and dynamic user experience. Advanced
JavaScript techniques and libraries are used to enable real-time updates without requiring full page
reloads. This improves the responsiveness of the system and provides a seamless interaction flow for

users.
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The application may incorporate AJAX (Asynchronous JavaScript and XML) or Fetch API to
send and receive data from the backend asynchronously. This ensures that when a user submits input
data, the prediction results are displayed instantly without interrupting the user’s workflow. Such
asynchronous communication is essential for modern web applications, especially those involving

machine learning predictions.

Another important aspect of the front-end is data visualization. Since the system deals with
medical data and classification results, visual representation plays a key role in interpretation. Graphs
such as bar charts, pie charts, and ROC curves can be integrated using libraries like Chart.js or D3 js.
These visual tools help users analyze model performance metrics like accuracy, precision, recall, and

F1- score more effectively.

The front-end also includes a dashboard module where users can view historical predictions,
model summaries, and performance comparisons. This feature is particularly useful for researchers
and medical professionals who want to track patterns or evaluate the effectiveness of the classification

model over time.

To ensure accessibility, the design follows user-centered principles, including:
« Simple and clean layout

o Proper labeling of input fields

o Readable fonts and color contrast

« Mobile-friendly responsiveness

Security considerations are also addressed at the front-end level. Sensitive medical data entered
by users is handled carefully by implementing secure input handling techniques and avoiding
exposure of confidential information. Basic measures like input sanitization and HTTPS

communication are encouraged to maintain data privacy.

Furthermore, the system may include authentication and authorization features, allowing only
registered users (such as doctors or researchers) to access certain functionalities. Login forms, session

management, and role-based access control can be implemented to enhance system security.
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6.2.2 Backend Implementation (Django)

The backend implementation of the proposed breast cancer classification system is developed
using the Django framework, which provides a robust, scalable, and secure environment for building
web- based machine learning applications. Django follows the Model-View-Template (MVT)

architecture, enabling efficient separation of concerns and streamlined development.

In this system, the backend is responsible for handling data processing, integrating the machine
learning model, managing database operations, and communicating with the front-end interface. The
Django models are used to define the structure of the database. They store essential information such
as user inputs, prediction results, and system logs. This enables the system to maintain a history of
predictions, which can be useful for analysis and future improvements. Django’s built-in ORM

(Object Relational Mapping) simplifies database interactions without requiring complex SQL queries.

The views in Django act as the core logic handlers. When a user submits input data through the
front- end, the request is sent to Django views via HTTP methods (GET/POST). The views process
this data, perform validation, and pass it to the trained machine learning model. After processing, the
prediction result (benign or malignant) is returned to the front-end in a structured format such as

JSON.

The integration of the machine learning model is a crucial component of the backend. The trained
adaptive voting ensemble model (combining Extra Trees, LightGBM, Ridge Classifier, and LDA) is
serialized using libraries like Pickle or Joblib. This saved model is loaded into the Django backend

and used to generate predictions in real-time based on user inputs.

Data preprocessing steps such as normalization, scaling, and feature selection are also
implemented within the backend before feeding the input data into the model. This ensures

consistency between training and prediction phases, thereby improving accuracy and reliability.

Django’s URL routing system is used to map user requests to appropriate views. Each
functionality, such as submitting data, viewing results, or accessing dashboards, is associated with

specific URLs, making the application modular and easy to navigate.
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The backend also supports RESTful API development, allowing communication between the
front- end and backend using JSON data. Tools like Django REST Framework (DRF) can be used to
create APIs for prediction services, making the system extensible and capable of integration with

other platforms or mobile applications.

Additionally, user authentication and authorization mechanisms are implemented using Django’s
built-in authentication system. This ensures that only authorized users can access sensitive

functionalities of the application.

Error handling and logging mechanisms are also integrated into the backend. If any issue occurs
during data processing or prediction, appropriate error messages are generated and logged for

debugging and maintenance purposes.

The backend further includes performance optimization techniques, such as caching frequently
accessed data and efficient handling of requests, ensuring that the system responds quickly even under

heavy usage.

Finally, the Django backend is deployed on a server environment where it interacts with the front-
end and delivers real-time predictions. It ensures smooth execution of the entire workflow—from

receiving user input to generating and displaying accurate breast cancer classification results.

Beyond the core functionalities, the Django backend is further enhanced with advanced features
to improve system efficiency, scalability, and maintainability. One such feature is the use of
middleware, which acts as an intermediary layer to process requests and responses globally.
Middleware can be used for tasks such as authentication checks, logging user activity, and handling

security validations before the request reaches the main application logic.

The backend also incorporates form handling mechanisms using Django Forms. These forms
simplify input validation and ensure that all user-provided data adheres to the required format. Server-
side validation acts as an additional layer of protection beyond front-end validation, ensuring data

integrity before processing.
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6.2.3 Model Integration and Processing Workflow

The model integration and processing workflow is a critical component of the proposed system,
as it connects the trained machine learning model with the web-based application and ensures
seamless data flow from user input to final prediction output. This module is responsible for
transforming raw input data into meaningful predictions using the adaptive voting ensemble learning

algorithm.

The workflow begins with user input submission through the front-end interface. Users provide
relevant medical attributes such as radius, texture, perimeter, area, and other diagnostic features.

These inputs are sent to the backend server via HTTP requests, typically in JSON format.

Once the data reaches the backend, the first step is data preprocessing. This includes handling
missing values, encoding categorical variables (if any), and applying normalization or scaling
techniques. The preprocessing steps are identical to those used during the training phase to maintain

consistency and ensure accurate predictions.

After preprocessing, the system performs feature selection and transformation. Only the most
relevant features—identified during exploratory data analysis—are used as input to the model. This

reduces computational complexity and improves prediction efficiency.

The next stage involves model loading and integration. The trained adaptive voting ensemble
model, which combines classifiers such as Extra Trees, LightGBM, Ridge Classifier, and Linear
Discriminant Analysis, is stored as a serialized file using tools like Pickle or Joblib. During runtime,

this model is loaded into memory within the Django backend.

Once the model is loaded, the processed input data is passed to the prediction module. Each base
classifier in the ensemble independently evaluates the input and produces a prediction. These
individual predictions are then combined using a voting mechanism (hard voting), where the final
output is determined based on the majority vote among all classifiers.The system then proceeds to the
result generation phase, where the final classification (benign or malignant) is produced. Along with
the prediction, additional information such as confidence scores or probabilities may also be

Generated to provide more insight into model’s decision.
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Following prediction, the results are sent back to the front-end through API responses. The front-
end dynamically displays the outcome to the user in a clear and understandable format. Visual aids

such as charts or indicators may also be used to enhance interpretation.

The workflow also includes result storage and logging. Each prediction, along with the input data
and timestamp, can be stored in the database for future reference, analysis, or auditing purposes. This

helps in tracking system performance over time.

Error handling mechanisms are integrated throughout the workflow. If invalid input is detected
or if the model fails to generate a prediction, appropriate error messages are returned to the user,

ensuring system robustness.

6.2.4 Deployment and Reliability

Deployment and reliability are critical aspects of the proposed breast cancer classification system,
ensuring that the model operates efficiently, consistently, and securely in real-world environments.
After successful model development and validation, the system is deployed in a production-ready

setup where it can be accessed by users such as healthcare professionals or researchers.

The deployment process involves integrating the trained adaptive voting ensemble model (ELRL-
E) into a web-based or application-based interface. Typically, the backend is developed using
frameworks like Django or Flask, where the trained model is serialized (using tools such as Pickle or

Joblib) and loaded into the server environment.

The front-end interface allows users to input patient data, which is then processed by the backend
model to generate predictions (benign or malignant). The system may be deployed on cloud platforms

such as AWS, Google Cloud, or Azure to ensure scalability and accessibility.

To ensure reliability, several mechanisms are implemented. First, the system includes proper error
handling to manage invalid inputs, missing values, or system failures. Input validation ensures that
only correctly formatted medical data is processed. Second, logging and monitoring tools are used to

track system performance, detect anomalies, and maintain operational stability.
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Model reliability is further enhanced through rigorous testing, including unit testing, integration
testing, and system testing. Cross-validation and performance evaluation metrics such as accuracy,

precision, recall, and F1-score ensure that the model performs consistently across different datasets.

To maintain long-term reliability, periodic model updates and retraining are necessary as new
medical data becomes available. This helps in adapting to evolving data patterns and improving
prediction accuracy. Backup mechanisms and redundancy strategies are also implemented to prevent

data loss and ensure uninterrupted service.

Security is another essential aspect of deployment. Sensitive patient data is protected using
encryption techniques, secure APIs, and authentication mechanisms to comply with healthcare data

privacy standards.

6.2.5 Conclusion

In conclusion, the implementation of the proposed system for breast cancer classification using
an adaptive voting ensemble learning algorithm demonstrates significant effectiveness in improving

diagnostic accuracy and reliability.

By integrating multiple machine learning models such as Extra Trees, LightGBM, Ridge
Classifier, and Linear Discriminant Analysis into a unified ensemble framework, the system leverages

the strengths of individual classifiers while minimizing their limitations.

The front-end and back-end implementation ensures seamless interaction between users and the

predictive model, enabling efficient data input, processing, and result visualization.

The system achieves high performance in terms of accuracy, precision, recall, and F1-score,
indicating its capability to effectively distinguish between benign and malignant cases. The use of
preprocessing techniques, feature selection, and hyperparameter tuning further strengthens the

model’s predictive power.
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CHAPTER -7
SYSTEM TESTING
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7. SYSTEM TESTING

System testing is a comprehensive evaluation process carried out after the complete development
of the breast cancer classification system. It ensures that the entire system—including data
preprocessing, model execution, backend processing, and user interface—works together as an
integrated unit without any errors. The goal is to validate that the system meets all specified

requirements and performs accurately, efficiently, and reliably in real-world conditions.

Beyond basic validation, system testing focuses on ensuring end-to-end functionality, where data
flows seamlessly from user input to final prediction output. For instance, when a user inputs patient
features, the system must correctly preprocess the data, pass it through the trained ensemble model,
and generate accurate predictions without delays or failures. Any disruption in this pipeline can affect

the reliability of the diagnosis, making testing an essential phase.

Another important aspect of system testing is data validation and preprocessing testing. Since the
system relies heavily on medical datasets, it is necessary to verify that missing values, noisy data, and
inconsistent inputs are handled properly. The preprocessing module must normalize and transform
the data correctly before feeding it into the model. Errors at this stage can significantly impact
prediction accuracy. The system is also evaluated for model consistency and reproducibility. This
ensures that the model produces similar outputs when tested with the same data under similar
conditions. Reproducibility is especially important in healthcare applications, where consistent results

are required for clinical trust and decision-making.

In addition, workflow testing is performed to validate the entire operational sequence of the
system. This includes checking whether the dataset is uploaded correctly, features are extracted
properly, classifiers are executed sequentially, and the voting ensemble produces the final output.

Each step in the workflow is tested to ensure there are no logical or execution errors.

Database testing is another crucial component, particularly if the system stores patient data or
prediction results. It ensures that data is stored, retrieved, and managed correctly without loss or
corruption. Proper indexing, query optimization, and backup mechanisms are verified during this

phase.
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The system is also tested for fault tolerance, which means its ability to continue functioning even
when certain components fail. For example, if one classifier in the ensemble model fails or produces
an error, the system should still provide a result using the remaining classifiers. This enhances the

robustness of the application.

Another important factor is maintainability testing, which ensures that the system can be easily
updated or modified in the future. This includes checking code modularity, documentation clarity,

and ease of integrating new datasets or algorithms.

Latency and response time testing are conducted to measure how quickly the system responds to
user inputs. In real-time medical applications, delays can affect usability and decision-making.

Therefore, the system is optimized to provide quick and efficient predictions.

Backup and recovery testing ensures that the system can recover data in case of failures such as
server crashes or data loss. Regular backups and recovery mechanisms are tested to maintain system

continuity and data integrity.

Furthermore, ethical and compliance testing is considered, especially in healthcare systems. The
system must comply with data privacy standards and ethical guidelines to ensure that patient

information is handled responsibly and securely.

Finally, continuous testing and monitoring are implemented even after deployment. This is known
as post-deployment testing, where the system is regularly evaluated for performance issues, bugs, and

updates. Feedback from users is collected and used to improve the system over time.

7.1 Types of System Testing

7.1.1 Unit Testing

Unit testing is the initial and most fundamental level of testing in the proposed breast cancer
classification system. It focuses on verifying the correctness of individual components or modules in
isolation before they are integrated into the complete system. Each unit represents a small, testable

part of the application, such as a function, method, or class.
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In this project, unit testing is performed on critical modules including data preprocessing
functions, feature extraction routines, model prediction functions, and backend APIs. For example,
the data preprocessing unit is tested to ensure that missing values are handled correctly, data
normalization is applied properly, and input features are transformed into the required format.
Similarly, the model prediction unit is tested to confirm that it accepts input data correctly and returns

accurate classification results (benign or malignant).

The primary objective of unit testing is to detect errors at an early stage of development. By
identifying bugs within individual components, developers can fix issues before they propagate to

other parts of the system. This reduces overall debugging time and improves code quality.

Unit testing is typically automated using testing frameworks such as unittest or pytest in Python.
Test cases are written for each module, specifying input values, expected outputs, and actual outputs.

If the actual output matches the expected result, the test case is considered successful.

Another important aspect of unit testing is code coverage, which measures the percentage of code
that is tested. Higher code coverage indicates that more parts of the system have been validated,

leading to increased reliability.

Additionally, unit testing ensures that the system components are modular and maintainable.
Since each unit is tested independently, it becomes easier to update or modify specific parts of the

system without affecting others.

Error handling is also validated during unit testing. Each module is tested with both valid and
invalid inputs to ensure that it behaves correctly under different conditions and does not crash

unexpectedly.

unit testing plays a crucial role in building a strong foundation for the system. It ensures that
individual components function correctly, improves code quality, and minimizes errors in later stages
of development. This contributes significantly to the overall reliability and robustness of the breast

cancer classification system.
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7.1.2 Integration Testing

Integration testing is the next phase after unit testing, where individual modules of the breast
cancer classification system are combined and tested as a group. The main objective of integration
testing is to verify that different components of the system interact correctly and function together as

expected.

In the proposed system, integration testing focuses on validating the communication between key
modules such as the front-end interface, backend server, data preprocessing unit, and the machine
learning model. While each module may work correctly on its own, integration testing ensures that

data flows smoothly across these components without errors or inconsistencies.

For example, when a user inputs patient data through the front-end interface, integration testing

verifies that:
¢ The input is correctly sent to the backend server
¢ The backend properly preprocesses the data
e The processed data is passed to the trained ensemble model
¢ Themodel generates predictions accurately

¢ The output is returned and displayed correctly to the user

Any mismatch in data formats, communication errors, or failures in data transfer between

modules can be identified during this phase.
Integration testing can be performed using different approaches:

¢ Top-Down Integration Testing: Testing starts from higher-level modules (such as the user

interface) and gradually integrates lower-level modules.

¢ Bottom-Up Integration Testing: Lower-level modules (such as data processing and model

functions) are tested first, followed by higher-level modules.

¢ Incremental Integration Testing: Modules are integrated step by step, and testing is

performed at each stage to identify issues early.
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Another important aspect is API testing, where the communication between front-end and
backend services is validated. This ensures that HTTP requests, responses, and data formats (such as

JSON) are correctly handled.

By performing thorough integration testing, the system ensures seamless interaction between all

components, reducing the chances of failures in real-time operation.

7.1.3 Functional Testing

Functional testing is performed to verify that the breast cancer classification system operates
according to the specified functional requirements. It focuses on validating the system’s features and

ensuring that each function produces the expected output when provided with valid input.

In this project, functional testing ensures that all core functionalities—such as data input,
preprocessing, model prediction, and result display—are working correctly. The system is tested from

the user’s perspective to confirm that it behaves as intended in real-world scenarios.
The key functional areas tested include:
o User Input Functionality

The system is tested to ensure that users can correctly enter patient data through the interface.

It verifies that all required fields accept valid inputs and reject invalid or incomplete data.
e Data Preprocessing Functionality

This checks whether the system properly handles missing values, normalizes data, and

transforms input features into the required format before passing them to the model.
¢  Model Prediction Functionality

The trained ensemble model is tested to confirm that it correctly processes input data and

generates accurate predictions (benign or malignant).
¢ Output Display Functionality

Functional testing ensures that prediction results are displayed clearly and correctly to the

user without errors or delays.

TOWARD IMPROVING BREAST CANCER CLASSIFICATION USING AN
ADAPTIVE VOTING ENSEMBLE LEARNING ALGORITHM 61



¢ Error Handling

The system is tested with invalid inputs, such as incorrect data types or missing values, to

ensure that appropriate error messages are displayed and the system does not crash.
e  Workflow Validation

The complete process from data input to final prediction is tested to ensure smooth execution

without interruptions.

Functional testing is typically performed using predefined test cases, where each test case
includes input data, expected output, and actual output. If the actual output matches the expected

result, the functionality is considered correct.

Additionally, both positive testing (valid inputs) and negative testing (invalid inputs) are
conducted to ensure robustness. Boundary value testing may also be applied to check how the system

behaves with extreme input values.

The importance of functional testing lies in ensuring that the system meets user requirements and
performs its intended tasks accurately. It helps identify logical errors, missing functionalities, and

incorrect outputs before the system is deployed.

7.1.4 System Testing

System testing is the final stage of testing in the development lifecycle of the breast cancer
classification system, where the complete and fully integrated application is tested as a whole. The
main objective of system testing is to validate that the entire system meets all specified functional

and non-functional requirements and performs correctly in a real-world environment.

In this phase, all modules—including the user interface, backend processing, data preprocessing,
machine learning model, and database (if used)—are tested together as a single unit. Unlike unit and
integration testing, which focus on individual components, system testing evaluates the overall

behavior, performance, and reliability of the system.

The system testing process involves verifying the end-to-end workflow of the application. This

includes checking whether the user can input patient data, the system processes the data correctly, the
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ensemble model generates accurate predictions, and the results are displayed without any errors or

delays. It ensures that the complete pipeline operates smoothly from start to finish.

System testing is performed to evaluate the complete and integrated breast cancer classification
system to ensure that it meets the specified requirements and functions correctly as a whole. In this
phase, the entire application including data preprocessing, model integration, prediction, and user

interface is tested in a real-time environment.

The main objective of system testing is to validate that all components of the system work
together seamlessly and produce accurate and reliable results. The testing process involves providing
input data (patient dataset) to the system and verifying whether the output (classification as benign or

malignant) is correct and consistent with expected results.

Various test cases are designed to check the overall functionality, performance, and reliability of
the system. This includes validating data input handling, checking model predictions, and ensuring
that the system responds correctly under different conditions. Special attention is given to evaluating
the performance of the ensemble model using metrics such as accuracy, precision, recall, and F1-

Score.

System testing is carried out to validate the complete and fully integrated breast cancer
classification system in order to ensure that it satisfies all functional and non-functional requirements.
Unlike unit and integration testing, which focus on individual components, system testing evaluates
the entire application as a whole in a real-world-like environment. In this project, system testing
involves verifying the end-to-end workflow, starting from data input and preprocessing to model
prediction and result display. The system is tested using the Wisconsin Breast Cancer dataset as well
as unseen test data to ensure that the model performs accurately under different scenarios. The
correctness of outputs whether a tumor is classified as benign or malignant is carefully validated

against expected results.

The testing process also focuses on performance evaluation. Metrics such as accuracy, precision,
recall, and F1-score are analyzed to confirm that the ensemble model delivers high prediction quality.
The system is tested for consistency to ensure that it produces stable and repeatable results when the

same input is provided multiple times.

Additionally, system testing checks the system’s ability to handle various edge cases, including
missing values, noisy data, and imbalanced class distribution. This ensures that the model remains

robust and does not fail under abnormal conditions.
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Usability testing is another important aspect, where the user interface is evaluated for ease of use,
clarity, and responsiveness. The system should allow users to input data smoothly and obtain results

quickly without confusion or delay.

Furthermore, system testing ensures that the integrated components—such as preprocessing
modules, machine learning models, and prediction interfaces—interact correctly without any data loss
or inconsistency. It also validates system performance in terms of execution time and resource

utilization.
Key aspects covered in system testing include:
e End-to-End Functionality

Validates the entire workflow from data input to prediction output, ensuring all components

work together seamlessly.

e Performance Evaluation

Measures system speed, response time, and stability under normal and heavy workloads. It

ensures that the system can handle multiple requests efficiently.
e Accuracy Verification

The model’s predictions are evaluated using metrics such as accuracy, precision, recall, and

F1-score to ensure reliable classification results.
e User Interface Testing

Ensures that the interface is responsive, user-friendly, and displays results clearly.
e Security Testing

Verifies that sensitive patient data is protected through proper authentication, authorization,

and encryption mechanisms.
e Error and Exception Handling

Ensures that the system handles unexpected inputs or failures gracefully without crashing.
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System testing is usually performed in an environment that closely resembles the production
environment. This helps in identifying real-time issues that may not appear during earlier testing

phases.

Test cases are designed to simulate real-world scenarios, including normal usage, edge cases, and
unexpected inputs. The results are compared with expected outcomes to determine whether the system

meets the required standards.

In addition, non-functional testing such as reliability, scalability, and maintainability is also
evaluated during this phase. This ensures that the system is not only functionally correct but also

efficient and sustainable in long-term use.

7.1.5 White-Box Testing

White-box testing, also known as structural or glass-box testing, is a testing technique that focuses
on examining the internal structure, logic, and code implementation of the system. In the breast cancer
classification system, white-box testing is used to verify that the internal operations of the code—such as

algorithms, control flow, and data handling—are functioning correctly.

Unlike black-box testing, which evaluates the system based on inputs and outputs, white-box
testing requires knowledge of the system’s internal code and logic. It ensures that all code paths,

conditions, loops, and statements are properly executed and validated.

In this project, white-box testing is applied to various components such as data preprocessing
modules, feature selection algorithms, model training functions, and prediction logic. For example,
the preprocessing code is tested to ensure that conditions for handling missing values, normalization,

and encoding are correctly implemented.

Similarly, the ensemble model logic is tested to verify that each classifier contributes properly to

the final voting mechanism.
Key techniques used in white-box testing include:
o Statement Coverage

Ensures that every line of code is executed at least once during testing.
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¢ Branch Coverage

Verifies that all decision points (such as if-else conditions) are tested for both true and false

outcomes.
o Path Coverage

Tests all possible execution paths within the program to ensure complete validation of logic.
¢ Loop Testing

Evaluates loops by testing them with zero iterations, one iteration, and multiple iterations to

ensure correct behavior.
e Condition Testing
Checks individual logical conditions to confirm that they produce correct results.

White-box testing also helps in identifying hidden errors such as logical flaws, incorrect
assumptions, redundant code, and security vulnerabilities. It improves code quality by ensuring that

the implementation aligns with the intended design.

Automation tools such as pytest, coverage.py, and other testing frameworks can be used to
perform white-box testing effectively. These tools help in measuring code coverage and identifying

untested parts of the system.

Additionally, white-box testing supports debugging by allowing developers to trace errors
directly within the code. It also ensures that exception handling mechanisms are properly

implemented and that the system behaves predictably under different conditions.

7.1.6 Black-Box Testing

Black-box testing is a testing technique that focuses on evaluating the functionality of the breast
cancer classification system without any knowledge of its internal code or implementation. In this
approach, the system is tested based solely on inputs and expected outputs, ensuring that it behaves
correctly from the user’s perspective. Black-box testing is a software testing technique in which the
internal structure or implementation of the system is not considered. Instead, the testing is performed

based on input and expected output, focusing only on the functionality of the system.
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The tester provides various inputs to the application and verifies whether the outputs are correct
according to the requirements. In this project, black-box testing is applied to the breast cancer
classification system to ensure that it behaves correctly from the user’s perspective. The system is
tested by providing different sets of input data, such as patient features from the dataset, and observing

whether the system accurately classifies the tumor as benign or malignant.

Various test cases are designed to validate system functionality, including valid inputs, invalid
inputs, and boundary conditions. For example, the system is tested with complete and correct data to
verify accurate predictions, as well as with missing or incorrect values to check how the system

handles errors. This helps ensure that the system is robust and user-friendly.

Black-box testing also verifies that all features of the system, such as data input, preprocessing,
model prediction, and result display, are functioning properly. It ensures that the system meets user

requirements without needing to understand the internal working of machine learning algorithms.

In the proposed system, black-box testing is used to validate whether the application correctly
processes patient data and produces accurate classification results (benign or malignant). The tester
does not consider how the system processes the data internally but only verifies whether the output

matches the expected result for given inputs.

The main objective of black-box testing is to ensure that all system functionalities work according
to the specified requirements. It helps in identifying issues such as incorrect outputs, missing features,

interface errors, and improper handling of user inputs.

Black-box testing is a method of software testing in which the functionality of the system is tested
without any knowledge of its internal structure, design, or implementation. The focus is entirely on
validating inputs and outputs to ensure that the system behaves according to the specified
requirements. In this project, black-box testing is used to evaluate the breast cancer classification
system from an end-user perspective. The tester provides different types of input data, such as patient
medical attributes, and verifies whether the system correctly predicts the output as either benign or
malignant. The internal working of the machine learning models is not considered during this testing

process.

The testing also ensures that all user-facing functionalities, such as data input, preprocessing,
prediction generation, and result display, are working correctly. It verifies that the system responds

appropriately to user actions and provides meaningful output without failures.
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Key areas covered in black-box testing include:
e Input Validation Testing

Checks whether the system accepts valid inputs and rejects invalid or incomplete data. For
example, entering incorrect data types or missing feature values should trigger appropriate

error messages.
e Output Verification

Ensures that the system provides correct and meaningful predictions based on the given data.
e User Interface Testing

Validates that the interface is user-friendly, responsive, and displays results clearly.
e Boundary Value Analysis

Tests the system with extreme input values to ensure correct behavior at boundaries.
e Error Handling Testing

Ensures that the system handles unexpected inputs or errors gracefully without crashing.
e Functional Workflow Testing

Verifies the complete process from data entry to result generation without focusing on

internal logic.

Black-box testing is typically performed using predefined test cases where inputs are provided,

and outputs are compared with expected results. If the results match, the test is considered successful.

This type of testing is especially important for validating real-world usability since it simulates
how end-users interact with the system. It ensures that the application meets user requirements and

delivers accurate results in practical scenarios.

The testing also ensures that all user-facing functionalities, such as data input, preprocessing,
prediction generation, and result display, are working correctly. It verifies that the system responds

appropriately to user actions and provides meaningful output without failures.
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7.1.7 Acceptance Testing

Acceptance testing is the final phase of testing in the breast cancer classification system,
conducted to determine whether the system meets the user requirements and is ready for deployment.
It is performed from the end-user’s perspective, typically involving stakeholders such as healthcare

professionals, researchers, or domain experts.

The primary objective of acceptance testing is to validate that the system fulfills its intended
purpose—accurate and reliable classification of breast cancer cases—and operates effectively in real-
world scenarios. Unlike other testing types, acceptance testing focuses on overall usability,

functionality, and user satisfaction rather than internal technical details.
In this project, acceptance testing ensures that:
¢ Thesystem correctly accepts patient data inputs
o The prediction results (benign or malignant) are accurate and meaningful
o Theuser interface is simple, intuitive, and easy to navigate
o The system performs efficiently without delays or errors

o All functional requirements are fully implemented

There are two main types of acceptance testing:
1. User Acceptance Testing (UAT)

This is performed by actual end-users such as doctors or medical staff. They test the system in real
or simulated environments to verify whether it meets their expectations. Their feedback helps identify

usability issues and areas for improvement.

User Acceptance Testing (UAT) is the final stage of the testing process where the system is
validated by end users to ensure it meets their needs and expectations. It focuses on verifying whether
the developed breast cancer classification system is suitable for real-world usage and performs its

intended functions effectively.
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2. System Acceptance Testing (SAT)

This ensures that the system complies with the specified requirements and standards before final
deployment. It verifies both functional and non-functional aspects such as performance, security, and

reliability.

During acceptance testing, real-world test cases are used to simulate practical scenarios. For
example, patient datasets are provided as input, and the system’s predictions are evaluated for

correctness and usefulness in medical decision-making.
Key aspects evaluated in acceptance testing include:
e Usability: Ensures the system is user-friendly and easy to operate
e Accuracy: Confirms that the model provides reliable predictions
e Performance: Verifies that the system responds quickly and efficiently
¢ Reliability: Ensures consistent performance over repeated use
e Compliance: Checks adherence to data privacy and healthcare standards

Feedback collected during this phase is crucial for making final adjustments before deployment.

Any identified issues are resolved to improve system quality and user satisfaction.

In this project, a combination of different testing strategies is adopted to thoroughly validate the
system at every stage of development. These strategies ensure that the system is tested from multiple

perspectives, including code-level, functional-level, and user-level evaluation.

One of the primary strategies used is the bottom-up testing approach, where individual modules
such as data preprocessing, feature selection, and model prediction are tested first. Once these
components are verified, they are gradually integrated to form the complete system. This approach

ensures that the foundation of the system is strong and minimizes errors during integration.

Another important strategy is the top-down testing approach, where testing begins from the user
interface and high-level modules, followed by lower-level components. This helps in validating the

overall system workflow and ensures that user interactions are handled correctly.
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The project also employs an incremental testing strategy, where modules are integrated and tested
step by step. This approach combines the advantages of both top-down and bottom-up testing and

makes it easier to identify and isolate errors at each stage.

A risk-based testing strategy is also considered, where more focus is given to critical components
such as the machine learning model and data preprocessing modules. Since these components directly

impact prediction accuracy, they are tested more rigorously compared to less critical parts.

The system follows a test-driven approach in certain modules, where test cases are designed
before implementation. This helps in ensuring that the code meets the required functionality from the

beginning and reduces defects in later stages.

Additionally, automated testing is used for repetitive tasks such as unit testing and regression
testing. Automation improves testing efficiency, reduces manual effort, and ensures consistency in

results.

The testing strategy also includes validation using performance metrics, where the machine
learning model is evaluated using accuracy, precision, recall, F1-score, and ROC-AUC. This ensures

that the model performs well in classification tasks and provides reliable results.

Another key aspect is continuous testing and monitoring, where the system is regularly tested
even after deployment. This helps in identifying new issues, maintaining performance, and updating

the model as new data becomes available.

Finally, user-centric testing strategies are applied to ensure that the system meets real-world

requirements. Feedback from users is incorporated to improve usability and functionality.

7.2 Testing Strategies

Testing strategies provide a structured methodology to ensure that the breast cancer classification
system is thoroughly validated at every stage of development. These strategies define how testing
activities are planned, executed, and managed to achieve high system quality, accuracy, and

reliability.

One of the key strategies used is the incremental testing approach, where the system is built and
tested in small parts. Each module—such as data preprocessing, feature selection, and model

prediction is first tested individually and then integrated step by step.
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This approach helps in early detection of errors and simplifies debugging.

The top-down strategy is also applied, where testing starts from the higher-level components like
the user interface and gradually moves to lower-level modules. This ensures that the system’s

workflow and user interactions are validated early in the process.

Conversely, the bottom-up strategy focuses on testing low-level components first, such as
backend functions and machine learning algorithms, before integrating them into higher-level

modules. This ensures that the core functionality of the system is strong and error-free.

A hybrid testing strategy is followed by combining both top-down and bottom-up approaches.
This provides a balanced testing process, ensuring both system functionality and internal logic are

thoroughly verified.

The project also incorporates a risk-based testing strategy, where critical components such as the
ensemble model, data preprocessing pipeline, and prediction mechanism are given higher priority.
These components are tested rigorously because they directly affect the accuracy of breast cancer

classification.

Another important strategy is regression testing, which is performed whenever changes are made
to the system. This ensures that new updates or modifications do not introduce new errors or affect

existing functionalities.

Automation testing is used for repetitive and time-consuming tasks such as unit testing and
performance testing. Automated tools help improve efficiency, reduce human error, and ensure

consistent test execution.

The system also follows a validation-based strategy for the machine learning model. Performance
is evaluated using metrics such as accuracy, precision, recall, F1-score, and ROC-AUC to ensure

reliable classification results.

Additionally, user-oriented testing strategies are implemented by involving end-users in testing.

Their feedback helps improve usability, interface design, and overall system effectiveness.

Finally, continuous testing and monitoring are carried out even after deployment. This ensures

that the system maintains its performance over time and adapts to new data or changing conditions.
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7.2.1 Test Strategy and Approach

The test strategy and approach define the overall plan and methodology used to validate the breast
cancer classification system effectively. It outlines how testing activities are organized, what
techniques are used, and how different components of the system are verified to ensure high quality,

accuracy, and reliability.

The testing approach followed in this project is systematic, incremental, and user-centric,
ensuring that all modules are thoroughly tested from development to deployment. The strategy focuses
on early defect detection, continuous validation, and comprehensive coverage of both functional and

non- functional requirements.

Initially, a modular testing approach is adopted, where individual components such as data
preprocessing, feature selection, model training, and prediction modules are tested independently

through unit testing. This helps in identifying and fixing errors at an early stage before integration.

After validating individual modules, an incremental integration approach is followed. Modules
are combined step by step, and testing is performed at each stage to ensure proper interaction between

components. This reduces complexity and helps in isolating defects efficiently.

A risk-based testing approach is implemented to prioritize critical components such as the
machine learning model and data preprocessing pipeline. Since these components directly influence

prediction accuracy, they are tested more rigorously with multiple datasets and edge cases.

The strategy also incorporates both white-box and black-box testing techniques. White-box
testing ensures internal code correctness, while black-box testing validates system functionality based
on user inputs and outputs. This combination ensures complete validation of both internal logic and

external behavior.

To improve efficiency, test automation is used for repetitive tasks such as regression testing and
unit testing. Automated tools help in executing test cases quickly and consistently, reducing manual

effort and improving accuracy.

Another key aspect of the approach is test data management. Realistic and diverse datasets are
used to evaluate the system under different conditions, including normal cases, boundary values, and

invalid inputs. This ensures that the system performs reliably in real-world scenarios.
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7.2.2 Test Objectives
The following objectives guided all testing activities:
o Verify that the system correctly classifies breast cancer as benign or malignant
o Ensureall functional requirements are implemented and working properly
o Identify and fix errors and bugs at different stages of development
o Validate proper data preprocessing (handling missing values, normalization, etc.)
« Evaluate model performance using accuracy, precision, recall, and F1-score
¢ Check system stability under various conditions and repeated usage
¢ Validate user interface usability and ease of interaction
¢ Ensure proper input validation and error handling mechanisms
o Test security measures to protect sensitive patient data
¢ Evaluate system performance (response time and efficiency)
¢ Ensure smooth integration of all modules (frontend, backend, model)
e Verify compatibility across different devices and environments
¢ Confirm the system is ready for deployment in real-world scenarios

e Support accurate and timely medical decision-making

7.2.3 Features Tested
The major system features examined included:
o Testing the ability to enter patient data correctly
o Handling missing values, normalization, and data transformation
« Ensuring relevant features are selected for classification
o Verifying proper training of machine learning algorithms
» Testing integration and working of ET, LightGBM, RC, and LDA models
¢ Ensuring accurate classification (benign or malignant)
o Checking correct and clear display of results to users

¢ Validating system response to invalid or incomplete inputs
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o Testing usability, responsiveness, and user interaction
¢ Ensuring smooth communication between frontend and model
o Verifying request and response handling between modules

o Testing accuracy, precision, recall, and F1-score calculations

7.2.4 Integration Testing Strategy

The integration testing strategy defines the approach used to combine and test different modules of
the breast cancer classification system to ensure they work together seamlessly. The primary goal is
to verify proper interaction, data flow, and communication between components such as the frontend

interface, backend server, data preprocessing module, and machine learning model.

In this project, an incremental integration strategy is adopted, where modules are integrated step
by step rather than all at once. This approach helps in identifying defects early and simplifies

debugging by isolating issues at each integration stage.

The integration process begins with low-level modules, such as data preprocessing and feature
extraction, which are first tested together. Once validated, these are integrated with the machine
learning model, ensuring that processed data is correctly passed to the model for prediction. Finally,

the model is integrated with the backend and frontend layers, completing the full system workflow.

The strategy also incorporates a bottom-up approach, where core functionalities are tested first
before integrating higher-level components like the user interface. This ensures that the system’s

foundation is strong and reliable.

Key aspects of the integration testing strategy include:

¢  Module Interaction Testing

Verifying that all modules communicate correctly with each other

¢ Data Flow Validation

Ensuring accurate transfer of data between components without loss or corruption
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o API Integration Testing

Testing request-response cycles between frontend and backend services

¢ Interface Compatibility

Checking that different modules are compatible in terms of data formats and protocols

¢ Error Handling Across Modules

Ensuring proper handling of errors during communication between components

¢ Incremental Testing

Testing each integration step before proceeding to the next

o Use of Stubs and Drivers

Temporary components may be used to simulate missing modules during early integration

stages

e Continuous Integration Support

Automated testing is performed whenever new modules are added or updated

Additionally, real-time test cases are used to simulate actual system usage, ensuring that the

integrated system behaves correctly under practical conditions.

In addition to the basic integration approach, the strategy also emphasizes continuous validation
during development. As new features or modules are added, integration testing is repeatedly
performed to ensure that newly introduced components do not disrupt existing functionality. This

helps maintain system stability throughout the development lifecycle.

The strategy further includes test case design specifically for integration scenarios, where

different modules are tested in combination rather than isolation.
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These test cases focus on verifying real-time workflows such as data submission, processing,
prediction generation, and result display. Special attention is given to edge cases where data

inconsistencies or communication failures might occur.

Integration testing strategy focuses on verifying the interaction between different modules of the
breast cancer classification system to ensure that they work together correctly as a unified system. In
this project, the system consists of multiple components such as data input, preprocessing, feature

selection, machine learning models, ensemble prediction, and result display.

The integration testing is carried out using a bottom-up approach, where individual modules are
first tested independently and then gradually combined to form larger subsystems. Initially, core
components such as data preprocessing and model training are integrated and tested. Later, these are

combined with the ensemble module and user interface to validate the complete workflow.

During integration, data flow between modules is carefully tested to ensure that outputs from one
component are correctly passed as inputs to the next without any loss or inconsistency. For example,
the preprocessed data must be accurately fed into the machine learning models, and the predictions

from individual models must be correctly combined in the ensemble layer.

Test cases are designed to validate different integration points, such as input handling, data
transformation, model interaction, and final output generation. Special attention is given to detecting

interface errors, data mismatches, and communication issues between modules.

Error-handling mechanisms are also tested during integration to ensure that the system can handle
failures in one module without affecting the entire system. Logging and debugging techniques are

used to identify and resolve integration issues efficiently.

Additionally, the strategy ensures that the system maintains performance and consistency after
integration. The complete system is tested under different scenarios to verify that all components

function together seamlessly.
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7.2.5 Acceptance Criteria
A prediction system instance was accepted only when it satisfied these conditions:

o The system should correctly classify breast cancer cases as benign or malignant with high
accuracy

o All functional requirements must be fully implemented and working as specified
o The system should accept valid input data and reject invalid or incomplete inputs
o Prediction results must be generated accurately and displayed clearly to the user

o The complete end-to-end workflow (input — processing — output) should function without
errors

7.2.6 Overall Test Results

The overall test results provide a summary of the performance, accuracy, and reliability of the
breast cancer classification system after executing all testing phases. The system was evaluated using
various testing techniques, including unit testing, integration testing, functional testing, system

testing, and acceptance testing.

The results indicate that the system performs effectively across all modules, with most test cases
passing successfully. Individual components such as data preprocessing, feature selection, model
prediction, and user interface were validated and found to be functioning correctly. Integration testing
confirmed smooth communication between the frontend, backend, and machine learning model

without any major issues.

From a performance perspective, the system demonstrated high accuracy and consistency in
classifying breast cancer cases. Evaluation metrics such as accuracy, precision, recall, and F1-score
showed strong results, indicating that the adaptive voting ensemble model is reliable for prediction

tasks.

The system also performed well in terms of response time and efficiency, providing quick
predictions even with multiple inputs. Load and performance testing confirmed that the application

can handle moderate user traffic without significant delays.

In terms of usability, users were able to interact with the system easily, and the interface was
found to be intuitive and user-friendly. Acceptance testing further confirmed that the system meets

user expectations and requirements for practical use.
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The system also showed strong error handling capabilities, successfully managing invalid inputs
and unexpected conditions without crashing. Security testing ensured that patient data is handled

safely and protected from unauthorized access.

Minor issues identified during testing were resolved through debugging and optimization,
resulting in a stable and reliable system. No critical defects were found that would prevent

deployment.

the overall test results confirm that the breast cancer classification system is accurate, efficient,
secure, and ready for deployment. The successful completion of all testing phases ensures that the

system can be confidently used for real-world medical decision support and early diagnosis.

7.2.7 Conclusion

In conclusion, the testing phase of the breast cancer classification system has been carried out
successfully using a well-defined and comprehensive testing strategy. Various testing methods,
including unit testing, integration testing, functional testing, system testing, white-box testing, black-

box testing, and acceptance testing, were applied to ensure the system’s correctness and reliability.

The results of testing demonstrate that all system components are functioning as expected, with
smooth interaction between modules such as data preprocessing, model prediction, and user interface.
The adaptive voting ensemble model has shown strong performance in terms of accuracy, precision,

recall, and F1-score, confirming its effectiveness in classifying breast cancer cases.

The system has also proven to be stable, efficient, and user-friendly, with quick response times
and proper handling of different input scenarios. Error handling mechanisms and security features
ensure that the system operates safely and reliably, especially when dealing with sensitive medical

data.

Through rigorous testing, potential issues were identified and resolved, leading to an improved
and optimized system. The successful validation of both functional and non-functional requirements

indicates that the system is ready for deployment in real-world healthcare environments.

The testing process has ensured that the breast cancer classification system is robust, accurate,
and dependable, making it a valuable tool for supporting early diagnosis and effective medical

decision- making.
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73 Sample Test Cases

Test Case ID) | Test Input Expected Actunal Status
Description Output Output
TCO1 Upload dataset | Breast cancer | Dataset Dataset Pass
dataset file loaded loaded
successfully | successtully
TCO02 Data Raw dataset Cleaned & Cleaned & Pass
preprocessing normalized normalized
data data
TCO3 Feature Preprocessing | Important Features Pass
selection data features selected
selected correctly
TC04 Model training | Training Models Models Pass
dataset trained trained
successfully | successtully
TCO5 Ensemble Predictions Combined Combined Pass
voting from models | prediction prediction
generated generated
TCO06 Model Test dataset Accuracy & | Metrics Pass
evaluation metrics displayed
displayed correctly
Table no 7.3 Test Cases
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Test Case 1

3REAST CANCER CLASSIFICATION
Login
Plea: I
superadmin
Pas d
Don't have an account?
Fig 7.3.1 User Login

Description: The user enters valid login credentials and submits the form. The system authenticates the
credentials and redirects the user to the dashboard, displaying a personalized welcome message and
complete account details such as username, email, status, and last login time. Successful login confirms

that authentication and user-profile retrieval are working correctly.

Test Case 2

Invalid username or password.

Fig 7.3.2 Authentication Access

Description: The user enters incorrect or invalid login credentials and submits the form. The system
performs authentication and detects that the username or password is incorrect. An error message,
“Invalid username or password,” is displayed on the screen, preventing access to the system. This
confirms that the authentication mechanism correctly identifies invalid inputs and ensures security by

restricting unauthorized access.
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Test Case 3

~

3REAST CANCER CLASSIFICATION Users  Groph  prodictions  Accuracy  Genetc Accuracy  Logou

Registered Users

ID  Username Email First Name Last Name Date Joined Status Action

2 testl test1@gmail.com test 1 Jan. 11, 2025, 6:32 a.m. Inactive m

3 test2 test2@gmail.com test 2 Jan, 11, 2025,2:39 p.m Inactive m
4 Veerla_gayathri veerlagayathriS7@gmail.com Veerla Gayathri Oct. 10, 2025, 6:25 a.m. Inactive

5  Abhi_Shek 228r126661@cmrec.ac.in Abhi Shek Nov. 7, 2025, 6229 am Active m

Fig.7.3.3 User Account Activation

Description: The system displays the “Registered Users” page, showing a list of all users with details
such as user ID, username, email, first name, last name, date joined, and account status. Each user
record includes an action button to activate or deactivate the account. This interface allows
administrators to manage user accounts efficiently by monitoring user information and controlling

access status.

Test Case 4

Register

Create your account by filling out the details below.

Passwords do not match.

First Name Last Name

Fig. 7.3.4 Prevents incorrect Account

Description: The user attempts to register a new account by entering the required details. However, the
entered passwords do not match during form submission. The system validates the input and displays
an error message, ‘“‘Passwords do not match,” prompting the user to re-enter matching passwords. This

ensures proper input validation and prevents incorrect account creation.
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Test Case 5

BREAST CANCER CLASSIFICATION Users Graph  predictions  Accuracy  Genetic Accuracy  Logout

Train Models on Uploaded Data

Upload CSV File:

Choosefile  No file chosen

Model Performance

Model Accuracy Precision Recall F1 Score
sVM 0.96 1.00 091

Random Forest 097 1.00 092

KNN 096 1.00 0.91

Logistic Regression 097 098 094

Naive Bayes 0.94 0s7 0.88

Extra Trees 0.96 1.00 0.91

Voting Classifier 0.98 1.00 0.94

CNN 0.98

Fig. 7.3.5 Model Performance

Description: The system processes the user input and detects invalid or incomplete registration
details during form submission. An appropriate error message is displayed, informing the user to

correct the entered information before proceeding.

Test Case 6
BREAST CANCER CLASSIFICATION one Loom

Login

Please enter your credentials to log in

User Veerla_gayathri has been activated
User Veerla_gayathri has been deactivated.

You have been logged out successfully
Username

superadmin

Fig. 7.3.6 Confirming proper account

Description: The login page displays messages for user activation, deactivation, and successful

logout. The user enters credentials to log in, confirming proper account status updates.
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8. RESULTS
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Fig8.1 Home Page

Description: The primary interface of the application, titled "Toward improving breast cancer
classification using an adaptive voting ensemble learning algorithm. This page serves as the main
entry point of the application, providing users with access to essential functionalities such as data
input, model prediction, and result analysis. The interface is designed to be user-friendly, allowing
smooth navigation between different modules of the system. It introduces the purpose of the
application, which is to assist in the early detection of breast cancer using an adaptive voting ensemble
learning approach. The layout ensures easy interaction for users, enabling them to input patient data

and obtain prediction results efficiently.
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BREAST CANCER CLASSIFICATION Home  Login

Login

Please enter your credentials to log in

Username

superadmin

Password

Don't have an account? Re er he

Fig 8.2 Login Page

Description: The image shows a login page of the Breast Cancer Classification system where the
user enters valid credentials (username and password) and clicks the login button. This step allows

access to the dashboard after successful authentication.

BREAST CANCER CLASSIFICATION Home  Login

Register

unt by filling out the details below

Fig 8.3 Register Page
Description: The image shows the registration page of the Breast Cancer Classification system where
a user enters details like name, username, email, and password to create a new account. Upon

successful registration, the user can log in to access the system.
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BR EAST CA N C E R C LASS' F {CAT' O N Users Graph pradictions Accuracy Genetic Accuracy Logout

Registered Users

D Username Email First Name Last Name Date Joined Status
2 testl test1@gmail.com test 1 Jan. 11, 2025, 6:32 a.m. Inactive
3 test2 test2@gmail.com test 2 Jan, 11,2025, 2:39 p.m. Inactive
) a Veerla_gayathri veerlagayathriS7@gmail.com Veerla Gayathri Oct. 10, 2025, 6:25 a.m. Inactive Activate
5 Abhi_Shek 228r126661@cmrec.ac.in Abhi Shek Nov. 7,2025, 6:29 a.m. Active

Fig 8.4 Registered Users

Description: The image shows the Registered Users page of the Breast Cancer Classification system,
displaying a list of users with details like username, email, name, join date, and status, along with

options to activate or deactivate user accounts.

B R EAST CAN C E R C LASS | F I CAT | O N Users Graph predictions Accuracy Genetic Accuracy Logout

BN Benign NN Malignant [ Predictions Over Time

20

Fig 8.5 Graph

Description: The image shows the dashboard of the Breast Cancer Classification system with visual
analytics, including a pie chart representing benign and malignant cases and a line graph showing

predictions over time.
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BREAST CANCER CLASS|F[CAT|ON Users  Graph  predictions  Accuracy  Genetic Accuracy  Logout

User Predictions

D User Input Predicted Result Created At

7/ 8510426,13.54,14.36,87.46,566.3,0.09779,0.08129,0... Benign Nov. 7, 2025, 6:47 a.m.
6 842302,17.99,10.38,122.8,1001,0.1184,0.2776,0.300... Malignant Nov. 7, 2025, 6:45 a.m.
5 842517,20.57,17.77,132.9,1326,0.08474,0.07864,0.0... Malignant Jan. 18, 2025, 3:05 p.m.
4 842517,20.57,17.77,132.9,1326,0.08474,0.07864,0.0... Malignant Jan. 18,2025, 3:04 p.m.
3 842302,17.99,10.38,122.8,1001,0.1184,0.2776,0.300... Malignant Jan. 18, 2025, 2:59 p.m.
2 842302,17.99,10.38,122.8,1001,0.1184,0.2776,0.300... Malignant Jan. 18, 2025, 2:55 p.m.
1 842302,17.99,10.38,122.8,1001,0.1184,0.2776,0.300... Malignant Jan. 18,2025, 2:53 p.m.

Fig 8.6 User Predictions

Description: The image shows the User Predictions page of the Breast Cancer Classification system,
listing user inputs along with predicted results (benign or malignant) and the date and time of each

prediction.

BREAST CANCER CLASSl FchTlON Users Graph predictions Accuracy Genetic Accuracy Logout

Train Models on Uploaded Data

Upload CSV File:

Choosefile  No file chosen

Model Performance

Model Accuracy Precision Recall F1 Score
SVM 0.96 1.00 091

Random Forest 0.97 1.00 0.92

KNN 0.96 1.00 0.91

Logistic Regression 0.97 0.98 0.94

Naive Bayes 0.94 0.97 0.88

Extra Trees 096 1.00 0.91

Voting Classifier 0.98 1.00 0.94

CNN 0.98

Fig 8.7 Model Performance

Description: The image shows the Breast Cancer Classification dashboard with a CSV upload
option, a train button, and a table displaying model performance metrics like accuracy, precision,

and recall for different algorithms.
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BREAST CANCER CLASSl FlCATION Users  Graph predictions  Accuracy  Genetic Accuracy  Logout

Genetic Algorithm Accuracy

Upload CSV File:

Choosefile  No file chosen

Run Genetic Algorithm

Results

Selected Features: texture_mean, smoothness_mean, compactness_mean, concavity_mean, symmetry_mean, fractal_dimension_mean, texture_se, area_se, concavity_se,
fractal_dimension_se, texture_worst, area_worst, smoothness_worst, compactness_worst, concavity_worst, concave points_worst, fractal_dimension_worst

Final Accuracy: 0.99

Fig 8.8 Genetic Algorithm Accuracy
Description: The image shows the Genetic Algorithm Accuracy page where users upload a CSV
file and run the algorithm. It displays selected features and the final accuracy result (0.99),

indicating high model performance.

BREAST CANCER CLASSIFICATION Home  Login

Login

Please enter your credentials to log in.

User Veerla_gayathri has been activated.
User Veerla_gayathri has been deactivated.

You have been logged out successfully.

Username
superadmin
Passwor
Don't have an account? Register here.
Fig 8.9 Logout Page

Description: The image shows the login page after clicking logout option of the Breast Cancer
Classification system with fields for username and password, along with status messages and a login

button for user authentication.
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9. CONCLUSION

In conclusion, the proposed system for breast cancer classification using an adaptive voting
ensemble learning algorithm has been successfully designed, implemented, and evaluated. The
integration of multiple machine learning models—such as Extra Trees, LightGBM, Ridge Classifier,
and Linear Discriminant Analysis—has significantly improved the overall prediction accuracy and

reliability compared to individual models.

The system effectively processes medical data through stages including data preprocessing,
feature selection, model training, and ensemble prediction. Each stage has been carefully developed
and validated to ensure accurate and consistent results. The use of ensemble learning helps in reducing

bias and variance, thereby enhancing the robustness of the classification process.

The implementation of both frontend and backend components ensures smooth user interaction
and efficient processing of input data. The deployment strategy makes the system scalable and

accessible, while reliability measures ensure stable performance in real-world scenarios.

Extensive testing, including unit testing, integration testing, system testing, and acceptance
testing, confirms that the system meets all functional and non-functional requirements. The results
demonstrate high performance in terms of accuracy, precision, recall, and F1-score, making the

system suitable for practical healthcare applications.

This project highlights the importance of machine learning and ensemble techniques in medical
diagnosis. The developed system can assist healthcare professionals in early detection and decision-
making, potentially improving patient outcomes. Future enhancements may include the use of deep
learning models, larger datasets, and real-time clinical integration to further improve system

performance and applicability.

The adaptive voting ensemble approach proves to be highly effective in combining the strengths
of multiple classifiers. It ensures that the final prediction is more balanced and accurate by considering
the outputs of different models. This collaborative decision-making mechanism enhances the overall

trustworthiness of the system in medical applications.
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Another important contribution of this work is the emphasis on data preprocessing and feature
optimization, which play a crucial role in improving model performance. Proper handling of missing
values, normalization, and selection of relevant features ensures that the model is trained on high-

quality data, leading to better generalization.

The system is also designed with scalability and flexibility in mind. It can be extended to include
additional datasets, new machine learning algorithms, or advanced techniques such as deep learning
and neural networks. This makes the solution adaptable to future advancements in medical research

and technology.

Moreover, the project highlights the importance of comprehensive testing and validation. By
applying multiple testing strategies, the system has been thoroughly evaluated for accuracy,
reliability, and usability. This ensures that the system is not only technically sound but also practical

for real-world deployment.

From a broader perspective, this work contributes to the growing field of Al-driven healthcare
solutions, where intelligent systems assist in diagnosis, prediction, and treatment planning. Such
systems can help bridge the gap between limited medical resources and increasing healthcare

demands.

The developed breast cancer classification system is a robust, efficient, and reliable tool that
demonstrates the potential of ensemble learning in medical diagnostics. With further enhancements
and real-world integration, it can serve as a valuable decision-support system for healthcare

professionals, ultimately contributing to improved patient care and outcomes.

The project also underlines the role of efficient data management and processing pipelines. By
organizing the workflow into structured stages data collection, preprocessing, feature selection, model
training, and prediction the system ensures a smooth and systematic execution. This structured

approach improves maintainability and makes the system easier to enhance in the future.

Finally, ethical considerations such as data privacy, security, and fairness have been taken into
account. Ensuring that the system handles sensitive patient information securely and avoids biased

predictions is crucial for its acceptance in the healthcare domain.
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In this project, an efficient and reliable breast cancer classification system has been developed
using an adaptive voting ensemble learning approach. The proposed model integrates multiple
machine learning algorithms—Extra Trees, LightGBM, Ridge Classifier, and Linear Discriminant

Analysis— to improve prediction accuracy and overall system performance.

The system effectively analyzes medical data and classifies tumors as benign or malignant with
high accuracy. By combining the strengths of different classifiers, the ensemble model overcomes the
limitations of individual algorithms, such as overfitting and poor generalization. The use of
preprocessing techniques, feature selection, and proper model evaluation further enhances the

reliability of the system.

Experimental results demonstrate that the proposed model achieves superior performance in terms
of accuracy, precision, recall, and F1-score when compared to traditional methods. The system also
handles class imbalance effectively and reduces the chances of misclassification, which is critical in

medical diagnosis.

The system successfully analyzes medical data and classifies tumors as benign or malignant with
high precision. By leveraging the strengths of multiple classifiers, the ensemble approach overcomes
the limitations of individual models, such as overfitting, sensitivity to noise, and limited
generalization capability. The incorporation of data preprocessing, feature selection, and proper model

tuning further enhances the effectiveness of the system.

The experimental results clearly indicate that the proposed model achieves superior performance
in terms of accuracy, precision, recall, and Fl-score compared to existing techniques. It also
demonstrates strong capability in handling class imbalance and minimizing false predictions, which

is highly important in critical healthcare applications.

Moreover, the system is designed to be user-friendly, efficient, and scalable, making it suitable
for real-world implementation. It reduces the workload of medical professionals by providing quick

and accurate predictions, thereby supporting timely decision-making and improving patient care.
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10. FUTURE ENHANCEMENTS

The proposed breast cancer classification system has shown promising results; however, there
are several areas where further improvements and enhancements can be made to increase its

effectiveness, scalability, and real-world applicability.

One of the key future enhancements is the integration of deep learning techniques, such as
Convolutional Neural Networks (CNNs), which can analyze medical images like mammograms and
histopathology slides. This would allow the system to handle both structured data and image-based

diagnosis, improving overall accuracy.

Another important enhancement is the use of larger and more diverse datasets. Incorporating data
from multiple sources and populations can help improve model generalization and reduce bias,

making the system more reliable across different patient groups.

The system can also be extended to support real-time prediction and cloud deployment. By
deploying the model on cloud platforms, the application can be made accessible to hospitals and clinics,

enabling instant predictions and remote diagnosis.

Incorporating explainable Al (XAI) techniques is another valuable improvement. Providing clear
explanations for model predictions will help doctors understand the reasoning behind the results,

increasing trust and adoption in clinical environments.

The implementation of continuous learning (online learning) can further enhance the system. By
updating the model with new data over time, the system can adapt to changing patterns and improve

its predictive performance.

Another enhancement is the development of a mobile or web-based application, making the
system more user-friendly and accessible to healthcare professionals. A well-designed interface can
improve usability and efficiency in real-world usage. The system can also be integrated with
electronic health record (EHR) systems, allowing automatic retrieval and storage of patient data. This

would streamline the workflow and reduce manual data entry.
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Improving security and privacy measures is essential, especially when handling sensitive medical
data. Advanced encryption techniques and secure authentication methods can be implemented to
ensure data protection. Additionally, the model can be enhanced by incorporating hybrid or advanced

ensemble techniques, which may further improve classification accuracy and robustness.

In addition to the previously mentioned improvements, the system can be further enhanced by
incorporating multimodal data integration, where different types of data such as clinical records,
genetic information, and medical imaging are combined. This holistic approach can significantly

improve diagnostic accuracy and provide deeper insights into patient conditions.

Another potential enhancement is the adoption of federated learning techniques, which allow the
model to be trained on decentralized data from multiple hospitals without sharing sensitive patient
information. This approach improves data privacy while enabling the model to learn from a wider

range of datasets.

The system can also benefit from automated hyperparameter optimization using advanced
techniques such as grid search, random search, or Bayesian optimization. This would help in
identifying the best model configurations and improving overall performance without extensive

manual tuning.

Incorporating real-time monitoring and alert systems is another valuable improvement. The
system can be designed to notify healthcare professionals when high-risk predictions are detected,

enabling immediate attention and faster medical intervention.

Further enhancement can be achieved by implementing visual analytics dashboards, where users
can view trends, performance metrics, and patient insights in graphical formats. This would make the

system more interactive and informative for decision-makers.

The addition of natural language processing (NLP) capabilities can also improve usability. For
instance, doctors could input patient information in textual form, and the system could extract relevant
features automatically for prediction. Another area of improvement is model interpretability and
fairness analysis. Ensuring that the model provides unbiased predictions across different demographic

groups is crucial for ethical healthcare applications.
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The system can also incorporate automated report generation, where prediction results are
summarized into structured medical reports. This would save time for healthcare professionals and

improve documentation efficiency.

Additionally, implementing fail-safe mechanisms and redundancy systems can improve system

reliability. In case of system failure or model errors, backup systems can ensure uninterrupted service.

Further improvements can focus on enhancing the deployment architecture by adopting
containerization technologies such as Docker and orchestration tools like Kubernetes. This will enable
easier scaling, efficient resource utilization, and smoother updates without affecting system

availability.

The system can also incorporate edge computing capabilities, allowing predictions to be
performed locally on hospital devices without relying entirely on cloud infrastructure. This is

especially useful in areas with limited internet connectivity and ensures faster response times.

Another promising enhancement is the integration of clinical decision support systems (CDSS).
By combining the classification results with medical guidelines and recommendations, the system

can assist doctors not only in diagnosis but also in suggesting possible treatment options.

The addition of personalized risk prediction models can further improve the system. By analyzing
individual patient history, lifestyle factors, and genetic data, the system can provide customized risk

assessments and preventive recommendations.

The system can also benefit from advanced visualization techniques, such as heatmaps or feature
importance graphs, which highlight the factors influencing the prediction. This improves transparency

and helps medical professionals better understand the results.

Although the proposed breast cancer classification system achieves high accuracy and reliability,
there are several areas where further improvements and enhancements can be made to extend its

capabilities and real-world applicability.
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In the future, the system can be enhanced by using larger and more diverse datasets from different
sources to improve its generalization and robustness. Incorporating real-time clinical data and multi-

institutional datasets can make the model more adaptable to practical healthcare environments.

Advanced machine learning and deep learning techniques, such as Convolutional Neural
Networks (CNNs) and hybrid models, can be integrated to further improve prediction performance,
especially when working with medical images like mammograms. This would enable the system to

support both structured data and image-based diagnosis.

The model can also be improved by applying more advanced hyperparameter tuning and
optimization techniques to achieve better accuracy and efficiency. Techniques such as automated

machine learning (AutoML) can be explored to select the best models and parameters dynamically.

Another potential enhancement is the development of a user-friendly web or mobile application
that allows healthcare professionals to easily access the system and perform predictions in real time.

Integration with hospital management systems can further improve usability and data management.

Additionally, incorporating explainable Al (XAI) techniques can help in understanding how the
model makes decisions, thereby increasing trust and transparency among medical practitioners. This

is especially important in healthcare applications where interpretability is critical.

The system can also be extended to predict other types of cancers or diseases by adapting the
model to different datasets. Continuous monitoring and updating of the model with new data can

further improve its performance over time.

These future enhancements aim to make the system more accurate, scalable, user-friendly, and

suitable for real-world medical applications, ultimately contributing to better healthcare outcomes.
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