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Abstract Breast cancer is one of the most common
cancers affecting women worldwide, and early and
accurate diagnosis is essential for improving patient
survival. Histopathological image analysis plays an
important role in breast cancer diagnosis, but the
development of deep learning models is often limited
by insufficient, imbalanced, and diverse pathological
image datasets. This project, “Breast Cancer
Diagnosis on Pathological Images Using Data
Augmentation Method: CycleGAN,” proposes the
use of Cycle-Consistent Generative Adversarial
Networks (CycleGAN) to generate realistic synthetic
pathological images for effective data augmentation.
CycleGAN can learn the visual characteristics of
breast tissue images and generate additional samples
without requiring paired images. The generated
images are combined with the original dataset to
increase the diversity and quantity of training data. A
deep learning-based classification model can then be
trained on the augmented dataset to distinguish
between benign and malignant breast tissue patterns.
The proposed approach aims to reduce overfitting,

improve model generalization, and enhance

incorporating synthetic pathological images into the
training process, the system can provide a more
robust and efficient computer-aided diagnosis
approach. This methodology demonstrates the
potential of generative deep learning techniques for
addressing limited medical imaging datasets and

supporting automated breast cancer diagnosis.

1 INTRODUCTION

Breast cancer is one of the most frequently diagnosed
cancers among women and remains a major global
health concern. Early detection and accurate
diagnosis are important for selecting appropriate
treatment and improving patient outcomes.
Histopathological examination of breast tissue is an
important diagnostic method in which tissue samples
are examined under a microscope to identify
abnormal cellular structures. However, manual
analysis of pathological images is time-consuming
and may be affected by variations in tissue
appearance, staining techniques, image quality, and
the experience of pathologists.

Recent developments in Artificial Intelligence (AI)
and Deep Learning (DL) have provided effective
methods for analyzing medical images automatically.
Convolutional Neural Networks (CNNs) can learn

diagnostic classification performance. By complex visual patterns from pathological images
and classify tissue into different categories. However,
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diverse datasets for effective training. In breast
cancer pathological image analysis, obtaining
sufficiently large and well-balanced datasets can be
difficult because medical image collection and expert
annotation require significant time and resources.

Data augmentation is commonly used to increase the
size and diversity of training datasets. Traditional
augmentation techniques such as rotation, flipping,
cropping, scaling, and brightness adjustment can
create additional samples, but they may not generate
sufficiently realistic variations of pathological tissue
structures. To overcome this limitation, this project
proposes the use of Cycle-Consistent Generative
Adversarial Network (CycleGAN) for pathological
image augmentation.

CycleGAN is a generative deep learning model
capable of learning image-to-image transformations
without requiring paired training images. In the
proposed system, CycleGAN is used to generate
realistic synthetic breast pathological images that
preserve important tissue characteristics while
introducing additional visual variations. These
generated images are combined with original
pathological images to create an expanded dataset for
training a breast cancer classification model.

The proposed approach aims to improve the diversity
of the training data, reduce overfitting, and enhance
the classification performance of breast cancer
diagnosis systems. By combining CycleGAN-based
data augmentation with deep learning-based image
classification, the system provides an effective
computer-aided approach for analyzing pathological
images and supporting more reliable breast cancer
diagnosis.

2. EXISTING SYSTEM

The existing breast cancer diagnosis system primarily
depends on the manual examination of
histopathological images by trained pathologists. In
recent years, traditional machine learning and deep
learning techniques have also been introduced to
automatically classify pathological images as benign
or malignant. These approaches generally use
existing datasets to train classification models such as
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training, conventional data augmentation techniques
such as rotation, flipping, cropping, zooming, and
brightness adjustment are commonly applied to
increase the number of training images. Although
these techniques improve dataset size to some extent,
they mainly produce modified versions of existing
images and may not provide sufficient diversity. In
addition, pathological datasets are often limited,
imbalanced, and affected by variations in staining,
tissue structures, and image quality. When deep
learning models are trained on small datasets, they
may suffer from overfitting and poor generalization
to unseen pathological images. Manual diagnosis can
also be time-consuming and may involve inter-
observer variation between pathologists. Therefore,
conventional approaches may not fully utilize the
potential of generative models for producing realistic
pathological images. The absence of advanced
synthetic image generation methods can limit the
performance and robustness of automated breast
cancer classification systems.

2.1 Disadvantages

e Limited availability of large and diverse
pathological image datasets.

e Conventional augmentation produces limited
variations of existing images.

e C(Class imbalance can negatively affect
classification performance.

e Deep learning models may suffer from
overfitting when trained on small datasets.

e Manual pathological examination is time-
consuming.

e Diagnosis may vary depending on the experience
of the pathologist.

e Variations in staining and image quality can
affect model performance.

e Traditional —methods may have  poor
generalization to unseen images.

e  Generating realistic pathological variations using
basic augmentation is difficult.

https://ijerst.org/index.php/ijerst 1943



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

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

GAN-based synthetic

techniques.

image generation

3. PROPOSED SYSTEM:

The proposed system, “Breast Cancer Diagnosis on
Pathological Images Using Data Augmentation
Method: CycleGAN,” uses a Cycle-Consistent
Generative Adversarial Network (CycleGAN) to
improve the availability and diversity of breast cancer
pathological image datasets. The system first collects
and preprocesses pathological breast tissue images by
resizing, normalization, and suitable image-quality
processing. CycleGAN is then trained to learn the
visual characteristics and variations present in the
pathological images. Unlike traditional augmentation
techniques, CycleGAN can generate new synthetic
images with realistic tissue patterns without requiring
paired images. These synthetic images are combined
with the original pathological dataset to create an
expanded and diverse training dataset. The
augmented dataset is subsequently provided to a deep
learning  classification model for identifying
pathological images into relevant breast cancer
categories, such as benign and malignant. The model
learns important cellular and tissue-level features
from both original and generated images. The
proposed approach aims to reduce overfitting and
improve the generalization capability of the
classification model. Performance can be evaluated
using metrics such as accuracy, precision, recall, F1-
and confusion matrix. By integrating
generative Al with pathological image analysis, the

score,

proposed system provides an effective computer-
aided approach that can support pathologists in breast
cancer diagnosis. The system is intended as a
diagnostic support tool, rather than a replacement
for clinical evaluation.

3.1 Advantages

e  Generates realistic synthetic pathological images
using CycleGAN.

e Increases the size of limited breast cancer image
datasets.

o Improves dataset diversity and variability.

Vol. 22, No.3, 2026

2y

-

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

Internati

| Journal of Engineering

Research and Science & Technology

training.

e Helps address class imbalance in pathological
datasets.

e  Produces image variations beyond basic rotation
and flipping.

e Improves the generalization capability of the
classification model.

e  Supports automated identification of benign and
malignant tissue patterns.

e Reduces dependence on manually collected
additional images.

e Can improve classification performance when
high-quality  synthetic images are used
appropriately.

e Provides quantitative evaluation using accuracy,
precision, recall, and F1-score.

e  Supports computer-aided breast cancer diagnosis
and research.

4. SYSTEM ANALYSIS:

The proposed Breast Cancer Diagnosis
Pathological Images Using Data Augmentation
Method: CycleGAN system is designed to overcome
the limitations of conventional breast cancer
pathological image analysis and traditional data
augmentation techniques. The initially

breast

on

system

collects pathological tissue images and
performs preprocessing operations such as image
resizing, normalization, quality checking, and class
organization. The preprocessed images are then
provided to the Cycle-Consistent Generative
Adversarial Network (CycleGAN), which learns the
visual characteristics and tissue patterns present in
the dataset and generates realistic synthetic
pathological images. These generated images are
combined with the original images to create a larger
and more diverse dataset. The augmented dataset is
then used to train a deep learning-based classification
model for identifying pathological images into

categories such as benign and malignant.
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tissue-level features from the images and predicts the
corresponding class for unseen samples. The
performance of the proposed system can be evaluated
using accuracy, precision, recall, Fl-score, and
confusion matrix. The overall system aims to
improve dataset diversity, reduce overfitting, enhance
classification performance, and provide a reliable

Machine Learning: Scikit-learn

Visualization: Matplotlib

Database: MySQL 8.0 (if required for
storing user and system information)
computer-aided support system for breast cancer
diagnosis. The proposed approach can be particularly
useful when the availability of large, balanced, and
diverse pathological image datasets is limited.

Web Framework: Flask (if a web-based

interface is implemented)

5. SYSTEM REQUIREMENTS: System Architecture:

SYSTEM ARCHITECTURE

Hardware Requirements -

e  Processor: Intel Core i5 or equivalent

e RAM: Minimum 8 GB, recommended 16
GB

e Hard Disk: Minimum 500 GB

e GPU: NVIDIA GPU with minimum 4 GB

VRAM ded
(recommended) 6. RESULTS AND ANALYSIS

e  Monitor: 15.6-inch or higher

e oy
e Keyboard and Mouse ey e et

Trie et Alprin [r——r— [SreTSr———

e Internet connection for dataset and software

installation

Software Requirements

e  Operating System: Windows 10/11 or Linux

nnnnnnnnnn Train Resset<0 Algorither

e Programming Language: Python 3.10+

Train Google Net Algorthan Train VGGI6 Algorthm

Comparisen Graph | Predict Cancer from Tt lmsge.

e Development Environment: Jupyter

Notebook / VS Code

e  Framework: TensorFlow / Keras
e Deep Learning Model: CycleGAN

e Image Processing: OpenCV, Pillow
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7. CONCLUSIONS

The proposed Breast Cancer Diagnosis on
Pathological Images Using Data Augmentation
Method: CycleGAN provides an effective approach
for improving automated breast cancer image
classification. The system addresses the limitations of

small, imbalanced, and less diverse pathological
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mace datasets by usine CyvcleGAN to  generate

realistic synthetic pathological images. These
generated images are combined with original images
to create an augmented dataset, which helps the deep
learning classification model learn a wider range of
tissue patterns and characteristics. The proposed
approach can reduce overfitting and improve the
model's ability to generalize to unseen pathological
images. The system performs preprocessing,
synthetic image generation, feature learning,
classification, and performance evaluation in a
systematic manner. Metrics such as accuracy,
precision, recall, F1-score, and confusion matrix can
be used to measure the effectiveness of the
classification model. Overall, CycleGAN-based data
augmentation has strong potential to improve
computer-aided analysis of breast pathological
images and provide useful diagnostic support to
medical professionals. However, the system should
be considered a supporting tool rather than a
replacement for expert pathological examination and

clinical diagnosis.
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