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Abstract: Visual perception relies on the retina, which converts incoming light into interpretable neural information.
Diabetic retinopathy (DR), a complication arising from prolonged hyperglycemia, is a major contributor to progressive
vision impairment and often remains undetected during its initial stages. The condition manifests in retinal imagery through
distinct patterns, including high-intensity and low-intensity lesion regions such as exudates and hemorrhages. This paper
proposes an automated framework for simultaneous identification of multiple lesion types in retinal fundus images. The
approach begins with image refinement to improve visual quality, followed by intensity-driven segmentation to ex-tract
candidate abnormal regions. Descriptive statistical measures—namely mean intensity, variance, standard deviation, and
entropy—are computed to characterize these regions and are subsequently utilized as inputs to an Artificial Neural
Network (ANN) for classification. To enhance reliability, the method incorporates mechanisms to exclude anatomically
similar structures, particularly the optic disc and vascular components, thereby reducing false detections. Evaluation
results confirm that the proposed system achieves effective separation between normal and pathological cases, indicating
its potential utility in supporting early-stage screening of diabetic retinopathy.

Index Terms: Diabetic Retinopathy, Retinal Image Analysis, Exudates, Haemorrhages, Image Enhancement,
Segmentation Techniques, Statistical Feature Extraction, Artificial Neural Networks, Automated Diagnosis

1. Introduction

The retina is an essential part of the visual system that converts incoming light into neural signals for interpretation
by the brain. Any structural or functional damage to the retina can lead to significant visual impairment. Among various
retinal disorders, diabetic retinopathy (DR), glaucoma, and age-related macular degeneration are leading causes of vision
loss. In particular, diabetic retinopathy has become a major global health concern due to the increasing prevalence of
diabetes [1, 10].

Diabetes mellitus is a chronic metabolic condition characterized by persistently elevated blood glucose levels. Over
time, prolonged hyperglycemia damages blood vessels, including those within the retina. In DR, these vascular changes
result in leakage, blockage, and abnormal vessel growth, which may eventually lead to vision deterioration. One of the
key challenges associated with DR is that it often progresses without noticeable symptoms in its early stages, making
timely diagnosis difficult.
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As illustrated in Fig. 1(a), light entering the eye is focused onto the retina, where it is processed and transmitted
through the optic nerve. The retinal structure, shown in Fig. 1(b), includes important components such as the macula,
fovea, optic disc, and vascular network, all of which contribute to visual perception.

Diabetic retinopathy progresses through multiple stages, including mild, moderate, and severe non-proliferative
stages, followed by proliferative retinopathy. Early manifestations include microaneurysms, while advanced stages
involve vessel occlusion and the formation of fragile new blood vessels that are prone to rupture. From an image analysis
perspective, diabetic Retinopathy can be identified by features such as exudates, hemorrhages, microaneurysms, and
cotton wool spots, as shown in Fig. 2. These features exhibit variations in intensity, color, and texture, making automated
detection feasible but challenging.
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(a) Sagittal section of the human eye (b) Parts of retina

Fig. 1. (a) Sagittal section of the human eye (b) Structure of the retina
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Fig. 2. Example of retinal abnormality

Conventional diagnostic methods such as fundus photography, optical coherence tomography (OCT), and fluorescein
angiography are widely used for retinal examination [2, 6]. Although effective, these methods rely heavily on expert
interpretation and are not well-suited for large-scale screening.

Recent advances in image processing and machine learning have enabled the development of automated systems for
retinal analysis [3, 5]. However, many existing approaches focus on detecting a single type of lesion and are affected by
challenges such as noise, artifacts, and similarity between pathological and normal structures.

A major difficulty arises from the presence of regions that visually resemble pathological features but are not clinically
relevant. As shown in Fig. 3(a), certain retinal areas exhibit intensity patterns similar to exudates, while Fig. 3(b) presents
imaging artifacts that may be incorrectly identified as lesions. Such misleading patterns can reduce the reliability of
automated systems if not properly addressed.

(a) Region resembling exudates (b) Imaging artifact

Fig. 3. Examples of misleading retinal patterns: (a) region similar to exudates, (b) imaging artifact
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To overcome the identified challenges, the present work introduces an automated method for detecting both exudates
and hemorrhages using pixel intensity-based analysis. The proposed framework integrates preprocessing, segmentation,
feature extraction, and Artificial Neural Network (ANN) classification to improve detection accuracy and robustness.

2. Proposed Methodology

The proposed framework is organized into four sequential stages: preprocessing, segmentation, feature extraction, and
classification, as illustrated in Fig. 4.
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Fig 4. Overview of the proposed methodology

2.1. Algorithm

This section describes the procedure adopted for detecting exudates and haemorrhages in retinal fundus images.

2.1.1. Preprocessing

Preprocessing plays an important role in improving image quality prior to lesion detection. Retinal images often
exhibit low contrast and noise, which may reduce detection accuracy. Therefore, enhancement operations are applied to
improve the visibility of relevant structures.

Initially, the green channel is extracted from the RGB image, as it provides superior contrast between lesions and the

background compared to the red and blue channels.
Image Enhancement: To enhance visual clarity, contrast enhancement and noise reduction techniques are applied.
* Contrast Adjustment: Pixel intensities are rescaled to improve differentiation between low and high intensity
regions, thereby enhancing lesion visibility.

* Noise Removal: Median filtering is applied to suppress impulse noise while preserving edge information. Each
pixel is replaced with the median value of its neighborhood.
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2.1.2. Segmentation

Segmentation is carried out to isolate regions of interest by analyzing pixel intensity variations. Bright lesions such as
exudates and dark regions such as haemorrhages are identified using threshold-based methods.

Algorithm 1 Preprocessing of Retinal Image

Input: Retinal image /
Output: Preprocessed image I,
Load image /

Extract green channel Iy

Apply contrast enhancement
Perform median filtering
Return /,

A A ol Sy

Exudate Detection:  Exudates correspond to high-intensity regions within the retinal image. These regions are extracted
by applying an upper threshold, where pixels exceeding a predefined value are retained.

255, iflp(i,j)>200
0, otherwise

1G] (1)

Since the optic disc also appears as a bright structure, it may lead to false detection. Therefore, it is identified and

excluded before lesion analysis.

Optic Disc Elimination: The optic disc is localized using the Circular Hough Transform. The green channel is processed
to enhance contrast, followed by smoothing and edge detection. The circular boundary is detected using:

(-a)*+(-b)*=r* 2
where (a, b) denotes the center and r represents the radius. The detected region is masked to eliminate its influence.

Haemorrhage Detection: Haemorrhages appear as low-intensity regions and are extracted using a lower threshold.
Pixels below the specified value are retained to highlight these regions.

255, if 1,(i,/)<80
0, otherwise

S ©)

2.1.3. Feature Extraction

Following segmentation, quantitative descriptors are derived to differentiate between normal and abnormal retinal
images. These features capture statistical properties of pixel intensity distribution.
The extracted features include mean, standard deviation, variance, and entropy:

* Mean (©): Average intensity value

1 M N
= NN 1 21 1(@ij) 4)
=1 j=

» Standard Deviation (¢0): Degree of intensity variation

M N
o p S NG ur ®
1

=1 j=

* Variance (¢%): Spread of intensity distribution
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1 M N
) Z(I(i,i)-u)z ©

* Entropy (H): Measure of randomness in the image

L1
H=-2pk log, (p,) (7
=i

where M x N represents the image dimensions and p; denotes the probability of intensity levels.
2.1.4. Classification

An Artificial Neural Network (ANN) is employed to classify retinal images into exudates, haemorrhages, and normal
categories based on the extracted features.

A feed-forward neural network (FFNN) is selected due to its ability to model nonlinear relationships between input
features. The input layer consists of four neurons corresponding to the extracted statistical features.

Hidden layer

Input layer Qutout laver

x1

vyl
x2 y2

3
x3 ¥

yvé
x4

Fig. 5. Feed-forward neural network architecture

The neuron output is computed as:

= w; X;+b )
2

where x; are input features, w; are weights, b is bias, and f(-) represents the activation function.

Training Phase: The network is trained using labeled retinal images. During this phase, model parameters are iteratively
updated to minimize classification error.

Algorithm 2 ANN Training Procedure

1: Input: Feature

dataset D 2: Output:
Trained model N 3:

Initialize network N

4: Train using feature vectors
5: Evaluate performance

6: Save trained model

7: Return N
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Testing Phase: In the testing stage, unseen retinal images are processed and classified using the trained model.

Algorithm 3 ANN Testing Procedure

: Input: Test image /, trained model N
: Output: Predicted class C

: Extract features from /

: Apply trained model N

: Obtain class label C

: Return C

[ N VS I NS R

3. Results and Discussion

This section presents the experimental results of the proposed diabetic retinopathy detection system. The system
classifies retinal images into three categories: Exudates, Haemorrhages, and Normal.

A dataset of retinal fundus images was used. Each image undergoes preprocessing to enhance contrast and remove
noise, followed by segmentation to extract affected regions. Statistical features such as mean, standard deviation, variance,

and entropy are extracted and fed into an Artificial Neural Network (ANN) classifier.

3.1. Experimental Results
3.1.1. Run 1: Exudates Detection
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Fig. 6. Run 1: Exudates Detection Process

3.1.2. Run 2: Haemorrhages Detection
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Fig. 7. Run 2: Haemorrhages Detection Process

The haemorrhage regions are effectively identified, as illustrated in Fig. 7.

3.1.3. Run 3: Normal Image

Womw
ENHANCED TECHNIQUE TO FIND DIABETIC RETINOPATHY

LesioNs oe

OUTPUT IMAGES ING OPERATIONS

[ Lownior
o
pes— ] Fo———

DETECTION
FEATURE EXTRACTION

CLASSIFICATION

ExIT

(a) Loading Image

ENHANCED TECHNIQUE TO FIND DIABETIC RETINOPATHY

OUTPUT IMAGES

DETECTION

FEATURE EXTRACTION

CLASSIFICATION

ExiT

(c) Normal Image

Fig. 8. Run 3: Normal Image Classification
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The classifier correctly identifies normal retinal images (Fig. 8).

3.2. Performance Evaluation

3.2.1. Classification Performance

Table 1. Classification Performance of the Proposed System

Class Precision Recall Accuracy
Exudates 0.92 0.90 091
Haemorrhages 0.89 0.88 0.88
Normal 0.94 0.95 0.94
3.2.2. Confusion Matrix Analysis
Table 2. Confusion Matrix of Classification Results
Exudates Haemorrhages Normal
Exudates 45 3 2
Haemorrhages 40 6
Normal 3 50
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3.3. Discussion

The results demonstrate that the proposed ANN-based system effectively detects diabetic retinopathy features. The
preprocessing stage enhances image quality, while feature extraction significantly improves classification performance.

From Table 2, it is evident that most samples are correctly classified, with minimal confusion between Exudates and
Haemorrhages.

The overall classification accuracy, as presented in Table 1, indicates that the proposed system is reliable and efficient
for automated retinal disease detection.

3.4. Results

Table 3 presents the statistical features extracted from the retinal images used for evaluation. The proposed system
was tested on three categories of images: Exudates, Haemorrhages, and Normal.

In Run 1, an image containing exudates was processed through preprocessing and segmentation stages, where the
affected regions were successfully identified. In Run 2, haemorrhage images were analyzed using the same procedure,
and the segmented output highlighted haemorrhagic regions. In Run 3, a normal retinal image was processed, resulting in
a blank output, indicating the absence of abnormalities.

The extracted features include mean, standard deviation, variance, and entropy. It is observed that normal images
produce negligible values, whereas abnormal images show significant feature variations.

Table 3. Extracted Features of Retinal Images

Feature Exudates Haemorrhages Normal
Mean 0.8413 0.2917 0
Std. Deviation 14.6227 0.4546 0
Variance 213.8222 0.2066 0
Entropy 0.0319 0.8710 0

Fig. 9. shows the graphical representation of the extracted features.

T
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Fig. 9. Graphical representation of extracted features for Exudates, Haemorrhages, and Normal images

It is observed from Fig. 9 that exudate images exhibit higher feature values compared to haemorrhages, while nor-
mal images show negligible values. This distinction enables the proposed system to effectively classify different retinal
conditions.

4. Conclusion and Future Research Directions

This paper presented an automated method for the detection of exudates and haemorrhages in retinal fundus images.
The proposed approach is based on pixel intensity—driven segmentation, enabling effective differentiation between
pathological regions and the background. Key challenges, such as the similarity between exudates and the optic disc, as
well as haemorrhages and blood vessels, were addressed using structural and geometrical characteristics. The
experimental results demonstrate that the proposed system achieves reliable and efficient performance in detecting diabetic
retinopathy features.
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Despite the promising results, there is scope for further improvement. Future research can focus on the extraction
of more discriminative features, including texture and deep features, to enhance classification accuracy. Additionally, the
integration of advanced machine learning and deep learning techniques, such as convolutional neural networks, can
further improve robustness and generalization. Extending the system to detect other retinal abnormalities, such as mi-
croaneurysms and neovascularization, will enable comprehensive diabetic retinopathy screening. The development of a
real-time, clinically deployable system also remains an important direction for future work.
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