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An innovative CNN-SVM hybrid
model for enhanced diabetic
retinopathy detection

Tawfiq Beghriche', Mohamed Djerioui', Youcef Brik*
YUniversity of M’sila, Msila, Algeria, LASS Laboratory

Abstract

Diabetic retinopathy (DR) presents a significant threat to global visual health. This
study introduces a method leveraging deep learning and machine learning to
enhance DR detection accuracy. By combining pre-trained CNNs (MobileNetV2,
ResNet50, and Xception) with high performance classifiers like SVM and KNN, our
method significantly improves diagnostic performance. The combination of
ResNet50 and SVM achieved a 95.90% accuracy in detecting retinal abnormalities
for the APTOS 2019 Blindness Detection dataset, demonstrating its superiority over
current diagnostic techniques.

Keywords Diabetic retinopathy, Convolutional neural networks (CNNs), Machine
learning algorithms, Classification, APTOS 2019

1. Introduction

Diabetic retinopathy (DR) is a leading cause of vision loss in adults with
diabetes, affecting millions globally [1]. Early detection is crucial for effective
treatment, yet conventional diagnostic methods are time-consuming and limited by
the availability of trained professionals [2]. Deep learning, particularly
Convolutional Neural Networks (CNNs), has shown promise in automating and
improving the accuracy of medical diagnoses [3]. This study aims to develop a
hybrid method combining CNNs and machine learning classifiers to enhance DR
detection. Our approach integrates pre-trained CNNs with SVM and KNN
classifiers, evaluated on the APTOS 2019 dataset, to improve diagnostic accuracy
and efficiency.



Inductics conference November 17-18, 2024, M’sila, Algeria

Recent studies have explored deep learning for DR detection, achieving
notable accuracies with CNN-based models. Xu et al. [4] achieved 94.5% accuracy
using deep CNNs, while Gargeya and Leng [5] reported an AUC of 0.97 with high
sensitivity and specificity. Krause et al. [6] addressed grader variability, achieving
an AUC of 0.986. This study builds on these advancements by integrating CNNs
with SVM and KNN to further enhance diagnostic accuracy.

2. Proposed System

The proposed system involves several steps: (1) using the APTOS 2019 Blindness
Detection dataset, (2) extracting features with three CNN architectures (ResNet50,
MobileNetV2, Xception), and (3) classifying the extracted features using SVM and
KNN. Our method aims for high accuracy and efficiency in DR image classification.
Figure 2.1 illustrates the workflow.

I _[ mmwu ]» {mem“ W"'W':x,:;]—-{ Train MLalgomnmsJ

. o Training Phase
APTOS H
2019 Blindness ;

=

. Testing images' ] {
(20%) extracted features.

Testing Phase

Figure 2.1.Proposed method’s flowchart.

2.1Dataset Description

The APTOS 2019 dataset [7] contains 3662 images classified into five DR severity
levels. Table 2.1 summarizes the dataset.

Dataset N. of images N. of classes N. of images per class
No DR 1805
Mild 370
APTOS 2019 3662 5 Moderate 999
Severe 193
Proliferate_ DR 295

Table 2.1. The APTOS 2019 Blindness Detection dataset description.

Paper : P1-6
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2.2CNN models

ResNet50, MobileNetV2, and Xception are employed for extract the most relevant
features of the APTOS 2019 dataset.

2.3Machine learning classifiers

SVM and KNN are used for classification. SVM is effective in high-dimensional
spaces, while KNN is simple and effective for smaller datasets.

3. Results and discussion

This section briefly discusses the evaluation metrics and highlights the superior
performance of our method.

3.1Evaluation Metrics

Accuracy, sensitivity, specificity, precision, and F1-score are calculated from the
confusion matrix (Figure 3.1).

Predicted Values — Accuracy (Ace) = (TPHTN)/(TP+ TNAFP+FN)*100%

No DR DR
Sensitivity (Sens) = TP/(TP+FN)*100%

True Negative Ful\'c Positive

No DR
= (IN) | (P

Specificity (Spec) = TN/(IN+FP)*100%

— Precision (Pre) = TP/(TP+FP)*100%

True Positive

(Tp)

Actual Values

False Negative

DR )

Fl-score =2*TP/(2*TP+FN+FP)*100%

Figure 3.1. Confusion matrix for binary classification tasks.

3.2Performance assessment

ResNet50 combined with SVM outperformed other combinations, achieving the
highest accuracy of 95.90% on the APTOS 2019 dataset (Table 3.1).
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Performance (%)
CNN + SVM CNN + KNN

CNN Models

AccuracyPrecisionSensitivitySpecificitys(:':ci:eAccuracyPrecisi0nSensitivitySpecificitysc':oli:e

Mobilenetv2 89.63  87.75 92.47 86.70 90.05 7462  82.06 63.97 85.59 71.90
Xception 9454  96.11 93.01 96.12 9453 8035 9222 66.93 94.18 77.57
Resnet50 95.90  96.97 94.89 96.95 95.92 9345  97.09 89.78 97.22  93.29

Table 3.1.Classification performance of different CNNs and ML algorithms.

4. Comparison with the state of the art

Our method's performance is compared with existing studies (Table 4.1). The
combination ResNet50+SVM surpassed other state-of-the-art methods, achieving the
highest accuracy of 95.90%, demonstrating its effectiveness in DR detection.

Authors Year Method Dataset Task Accuracy (%)
[8] V. Vives-Boix et al. 2021 InceptionV3 Binary 95.56
[9] W. L. Alyoubi et al. 2021 CNN512 APTOS 2019 Multi-classes 84.1
[10] A. K. Gangwar etal. 2021 Inception-ResNet-v2 Multi-classes 82.18
[11] B. K. Anoop 2022  CNN architecture Binary 91.2
Qurs 2024  Resnet50+SVM  APTOS 2019  Binary 95.90

Table 4.1.Comparison of the proposed method with the state-of-the-art methods.

5. Conclusion

In this study, we introduced a hybrid method for accurate and effective
diagnosis of diabetic retinopathy (DR), combining pre-trained CNNs—
MobileNetV2, ResNet50, and Xception—with robust machine learning classifiers
such as SVM and KNN to overcome the limitations of manual diagnostic methods.
ResNet50 combined with SVM achieved the highest accuracy of 95.90% in
detecting retinal abnormalities, outperforming other combinations and state-of-the-
art methods. The proposed method represents a significant advancement in
automated DR detection.
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