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Abstract:

Medical Image Processing plays a vital role in the early diagnosis and treatment of ophthalmic diseases. Retinal
blood vessel analysis is one of the most important tasks in retinal image processing because the structure and
condition of retinal vessels provide valuable information regarding diseases such as Diabetic Retinopathy,
Glaucoma, hypertension, and macular degeneration. Manual examination of retinal images by ophthalmologists
is time-consuming, labour-intensive, and subject to human error. Therefore, there is a strong need for an automated
and intelligent system that can accurately segment retinal blood vessels and assist in disease prediction This
project proposes an advanced framework titled Blood Vessel Segmentation in Retinal Images using PCA and U-
Net with Al-Based Disease Prediction. The proposed system integrates Principal Component Analysis,

Convolutional Neural Network, and U-Net to achieve efficient and accurate retinal vessel segmentation. The
system is designed to improve the quality of retinal image analysis while reducing computational complexity and
enhancing diagnostic capability Initially, retinal fundus images are collected from standard datasets and pre-
processed using grayscale conversion, resizing, and normalization techniques.

These preprocessing steps improve image quality and prepare the images for segmentation. A patch-based PCA
technique is then applied to extract important vascular features and reduce unnecessary information from the
retinal images. PCA enhances the visibility of blood vessels by preserving significant features while suppressing
noise and redundant data. The transformed PCA feature maps are combined with original retinal images to form
enhanced multi-channel inputs for deep learning models The proposed framework utilizes two segmentation
approaches. The first approach uses a CNN model for basic vessel detection and segmentation. CNN automatically
learns hierarchical image features such as edges, textures, and vessel structures. However, standard CNN models
may fail to capture thin vessels and fine details. To overcome this limitation, the second approach integrates PCA -
enhanced inputs with the U-Net architecture. U-Net consists of encoder and decoder layers connected through
skip connections, enabling the model to capture both global contextual information and fine-grained vessel details.
This hybrid PCA + U-Net model produces more accurate and refined vessel segmentation results compared to
traditional methods After segmentation; post-processing operations such as thresholding, median filtering, and
morphological processing are applied to improve the quality of the segmented masks. These operations remove
noise, smooth vessel boundaries, and enhance vessel continuity. The segmented retinal vessels are then analyzed
to calculate vessel density, which is an important indicator of retinal health. Based on vessel density values and
regional irregularity analysis, the system predicts the severity of retinal diseases and classifies conditions into
healthy, mild, moderate, or severe categories An additional feature of the proposed system is the integration of an
Al-based advisory module that generates explanations, possible causes, and precautionary suggestions for the
detected retinal condition. This intelligent module improves system interpretability and helps users better
understand diagnostic outcomes. The entire application is implemented through a user-friendly graphical user
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interface developed using Python Tkinter, allowing users to upload datasets, train models, perform predictions,
and visualize outputs interactively.
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INTRODUCTION:

Medical Image Processing has become an important field in modern healthcare due to the growth of artificial
intelligence, deep learning, and computer vision technologies. Retinal image analysis is widely used for detecting
eye diseases because the retina contains blood vessels that reflect a person’s overall health condition. Abnormal
changes in retinal blood vessels are associated with diseases such as Diabetic Retinopathy, Glaucoma,
hypertension, and macular degeneration. Early detection of these diseases can help prevent vision loss and
improve treatment outcomes Traditional retinal analysis is performed manually by ophthalmologists using retinal
fundus images. Although manual examination provides accurate diagnosis, it is time-consuming, difficult, and
dependent on medical expertise. Retinal images often contain noise, low contrast, uneven illumination, and thin
vessel structures, making manual segmentation challenging. Conventional image processing techniques such as
thresholding, edge detection, and morphological operations were introduced for automated segmentation, but
these methods are sensitive to noise and fail to detect fine blood vessels accurately the advancement of Machine
Learning and deep learning improved retinal vessel segmentation significantly. Convolutional Neural Network
models can automatically learn important vessel features such as edges, textures, and patterns from retinal images.
However, standard CNN models sometimes fail to preserve thin vessel details due to loss of spatial information
during pooling operations To overcome these limitations, U-Net was introduced for biomedical image
segmentation. U-Net uses an encoder-decoder architecture with skip connections, allowing accurate detection of
both thick and thin blood vessels. In addition, Principal Component Analysis is used to reduce dimensionality and
enhance important vascular features while removing noise and redundant information The proposed project, Blood
Vessel Segmentation in Retinal Images using PCA and U-Net with Al-Based Disease Prediction, combines PCA,
CNN, and U-Net for accurate retinal vessel segmentation and disease prediction. Retinal images are preprocessed
using grayscale conversion, resizing, and normalization techniques. PCA-based feature enhancement is then
applied to improve vessel visibility. The enhanced images are provided as input to CNN and U-Net models for
segmentation After segmentation, post-processing techniques such as thresholding, filtering, and morphological
operations are applied to improve mask quality. The system calculates vessel density and predicts retinal diseases
based on vessel distribution and irregularity analysis. An Al-based advisory module is also integrated to provide
explanations, possible causes, and precautionary measures for detected conditions.

EXISTING SYSTEM:

Existing retinal blood vessel segmentation systems mainly use traditional image processing methods, manual
analysis, and basic machine learning techniques for detecting blood vessels and diagnosing retinal diseases such
as Diabetic Retinopathy and Glaucoma. These systems help ophthalmologists analyze retinal fundus images, but
they have several limitations in terms of accuracy, speed, and reliability traditional methods, retinal vessel
segmentation is performed manually by medical experts. Although manual analysis provides accurate
observations, the process is time-consuming, labor-intensive, and dependent on the experience of the doctor.
Handling large numbers of retinal images in hospitals becomes difficult and may lead to inconsistent diagnosis
results. segmentation, conventional image processing techniques such as thresholding, edge detection, matched
filtering, region growing, and morphological operations were introduced. These methods are simple and
computationally inexpensive, but they are highly sensitive to noise, uneven illumination, poor contrast, and
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varying vessel thickness. As a result, thin and low-contrast blood vessels are often not detected accurately Machine
Learning techniques such as SVM, Decision Trees, and Random Forest were used for retinal vessel segmentation.
These methods improved accuracy compared to traditional approaches. However, machine learning models
depend heavily on handcrafted feature extraction and large training datasets, making them less efficient for
different image conditionsWith the advancement of Deep Learning, Convolutional Neural Network models were
introduced for automated retinal vessel detection. CNN models can automatically learn vessel features and
improve segmentation performance. However, standard CNN models may fail to preserve fine vessel details
because pooling operations reduce image resolution during feature extraction Another limitation of existing
systems is high computational complexity and increased processing time when handling high-resolution retinal
images. Most existing models focus only on vessel segmentation and do not provide disease prediction, vessel
density analysis, or intelligent medical guidance. In addition, many systems lack user-friendly graphical
interfaces, reducing accessibility for non-technical users in hospitals and clinics.

PROPOSED SYSTEM:

The proposed system presents an intelligent framework for retinal blood vessel segmentation and disease
prediction using Principal Component Analysis, Convolutional Neural Network, and U-Net. The main objective
of the system is to provide an automated, accurate, and efficient solution for analysing retinal fundus images and
detecting retinal diseases at an early-stage retinal images are collected from standard datasets and pre-processed
using grayscale conversion, resizing, and normalization techniques. These preprocessing operations improve
image quality and enhance blood vessel visibility. The system then applies PCA for feature extraction and
dimensionality reduction. A patch-based PCA approach is used to highlight important vascular features while
reducing noise and redundant information The enhanced PCA features are combined with original retinal images
and provided as input to deep learning models. The proposed system uses two segmentation approaches: CNN-
based segmentation and PCA-enhanced U-Net segmentation. CNN models automatically learn vessel features
such as edges, textures, and branching patterns, while U-Net provides more accurate detection of thin and low-
contrast vessels through its encoder-decoder architecture with skip connections After segmentation, post-
processing operations such as thresholding, median filtering, and morphological processing are applied to improve
segmentation quality and remove noise. The segmented vessels are then analysed to calculate vessel density for
disease prediction. Based on vessel distribution and irregularity analysis, the system classifies retinal conditions
into healthy, mild, moderate, and severe categories The proposed system also includes an Al-based advisory
module that provides explanations, possible causes, and precautionary suggestions for detected retinal diseases.
The entire framework is implemented using Python with a Tkinter-based graphical user interface, allowing users
to upload images, perform segmentation, visualize outputs, and generate disease reports interactively the proposed
system improves segmentation accuracy, enhances thin vessel detection, reduces manual effort, and provides
intelligent disease prediction for efficient retinal healthcare analysis.

LITERATURE REVIEW:

S.No | Author/ Year Title of the Paper Technique /| Advantages Limitations
Method Used
1 Olaf Ronneberger et al., | U-Net: Convolutional | U-Net High Requires
2015 Networks for segmentation high
Biomedical = Image accuracy, captures | computation
Segmentation fine vessel details | al resources
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Piotr Liskowski et al., | Segmenting Retinal | Convolutional | Automatic feature | Requires

2016 Blood Vessels with | Neural extraction and | large labeled
Deep Neural | Network improved datasets
Networks accuracy

Huazhu Fu et al., 2017 DeepVessel: Retinal | Deep learning | Better vessel | Complex
Vessel Segmentation | vessel continuity training
via Deep Learning segmentation detection process

model

Anderson Oliveira et al., | Retinal Vessel | Fully Pixel-level Difficulty in

2018 Segmentation Based | Convolutional | segmentation detecting
on Fully | Network accuracy thin vessels
Convolutional Neural | (FCN)
Networks

Joes Staal et al., 2004 Ridge-Based Vessel | Ridge Simple Sensitive to
Segmentation in | detection and | implementation noise and
Color Images of the | image and fast | illumination
Retina processing processing

METHODOLOGY IMPLEMENTATION:

The methodology of the proposed system is designed to perform accurate retinal blood vessel segmentation and
disease prediction using Principal Component Analysis, Convolutional Neural Network, and U-Net. The
implementation process consists of multiple stages including image acquisition, preprocessing, feature extraction,
segmentation, post-processing, disease prediction, and result visualization.

1. Image Acquisition

Retinal fundus images are collected from standard retinal datasets such as DRIVE and STARE datasets. These
images are used as input for training and testing the segmentation models. The dataset contains retinal images
with different vessel structures and disease conditions.

2. Image Preprocessing

The uploaded retinal images undergo preprocessing to improve image quality and prepare them for segmentation.
The preprocessing steps include:

. Grayscale conversion
. Image resizing

o Noise removal

o Normalization

. Contrast enhancement

1563



Tuijin Jishu/Journal of Propulsion Technology
ISSN: 1001-4055
Vol. 47 No. 02 (2026)

These operations help improve vessel visibility and reduce unwanted noise present in retinal images.
3. PCA Feature Extraction

The system applies Principal Component Analysis to extract important vascular features and reduce redundant
information. Retinal images are divided into smaller patches, and PCA is applied to each patch to generate
enhanced feature maps called PCA pseudo-images. This improves feature representation and reduces
computational complexity.

4. CNN-Based Segmentation

The first segmentation approach uses a Convolutional Neural Network model. The CNN automatically learns
vessel-related features such as edges, textures, and branching patterns from retinal images. Multiple convolution
and pooling layers are used to generate vessel probability maps for segmentation.

5. PCA + U-Net Segmentation

The second segmentation approach integrates PCA-enhanced images with U-Net. U-Net uses an encoder-decoder
structure with skip connections for accurate vessel localization. This model improves thin vessel detection and
preserves fine spatial details in retinal images.

6. Post-Processing

After segmentation, post-processing operations are applied to improve mask quality. These operations include:

. Thresholding
. Median filtering
. Morphological operations

Post-processing removes noise, fills small gaps, and smooths vessel boundaries to generate refined segmentation
outputs.

7. Disease Prediction

The segmented blood vessels are analyzed to calculate vessel density and irregularity patterns. Based on
predefined threshold values, the system predicts retinal disease severity levels such as:

. Healthy

. Mild

. Moderate
. Severe

This helps in early detection of retinal abnormalities and supports medical diagnosis.
8. Al-Based Advisory System

The system includes an Al-based advisory module that provides explanations, possible causes, and precautionary
suggestions for detected retinal diseases. This improves interpretability and assists healthcare professionals and
users.

9. GUI Implementation

The entire framework is implemented using Python with a Tkinter graphical user interface. The GUI allows users
to:

. Upload retinal images

. Train PCA models
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° Perform segmentation
. Visualize outputs
. Generate prediction reports

The interface makes the system easy to use for both technical and non-technical users.

10. Result Analysis

Finally, the system evaluates segmentation accuracy, vessel density, and disease prediction performance. Graphs

and visualization outputs are generated for performance comparison and analysis.
RESULT ANALYSIS GRAPH:
Segmentation Accuracy Comparison

Performance Comparison of Retinal Vessel Segmentation Methods

Performance Comparison of Retinal Vessel Segmentation Methods

Comparison of segmentation accuracy achieved by different retinal image analysis techniques.
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Disease Prediction Distribution
Retinal Disease Prediction Results

Distribution of predicted retinal conditions based on vessel density analysis.

Retinal Disease Prediction Results
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Processing Time Comparison
Model Processing Time Comparison

Comparison of average processing time required by segmentation models

Model Processing Time Comparison

omparison of average processing time required by segmentation models.

Vessel Density Analysis Graph
CONCLUSION:

The proposed system, Blood Vessel Segmentation in Retinal Images using PCA and U-Net with Al-Based Disease
Prediction, provides an efficient and intelligent solution for automated retinal image analysis. The system
successfully combines Principal Component Analysis, Convolutional Neural Network, and U-Net to achieve
accurate retinal blood vessel segmentation and disease prediction. The integration of advanced preprocessing,
feature enhancement, deep learning, and post-processing techniques improves segmentation quality and enhances
the reliability of disease analysis One of the major achievements of the proposed system is the ability to accurately
detect both thick and thin retinal blood vessels even in low-contrast and noisy retinal images. The patch-based
PCA approach effectively reduces redundant information and highlights important vascular structures, thereby
improving the learning capability of deep learning models. The hybrid PCA + U-Net model produces highly
refined segmentation masks with better vessel continuity and boundary preservation compared to traditional image
processing and standalone CNN approaches the system also introduces an effective vessel density-based disease
prediction mechanism. By analyzing the segmented retinal vessels, the system classifies retinal conditions into
healthy, mild, moderate, and severe categories. In addition, spatial irregularity analysis helps identify abnormal
vessel growth patterns associated with diseases such as Diabetic Retinopathy and Glaucoma. This enables early
detection of retinal abnormalities and supports timely medical intervention Another important contribution of the
system is the integration of an Al-based advisory module that generates explanations, possible causes, and
precautionary measures for the detected disease condition. This feature improves the interpretability of results and
provides useful guidance to users and healthcare professionals. The implementation of a user-friendly graphical
user interface using Python Tkinter further enhances accessibility and ease of use Experimental analysis and
performance evaluation demonstrate that the proposed PCA + U-Net framework achieves higher segmentation
accuracy, improved disease prediction capability, and better overall performance compared to existing methods.
The modular architecture of the system also allows future enhancements and integration of advanced deep learning
models and larger datasets the proposed system contributes significantly to the field of Medical Image Processing
by providing an intelligent, accurate, and scalable solution for automated retinal blood vessel segmentation and
disease prediction. The project supports early diagnosis, reduces manual effort, improves clinical decision-
making, and contributes toward the advancement of Al-driven healthcare technologies.
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