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Abstract
Glaucoma is defined as an eye disease leading to vision loss due to the optic
nerve damage. It is often asymptomatic, thus, timely diagnosis and treatment
is crucial. In this article, we propose a novel approach for diagnosing glaucoma
using deep neural networks, trained on fundus images. Our proposed approach
involves several key steps, including data sampling, pre-processing, and clas-
sification. To address the data imbalance issue, we employ a combination of
suitable image augmentation techniques and Multi-Scale Attention Block (MAS
Block) architecture in our deep neural network model. The MAS Block is a
specific architecture design for CNNs that allows multiple convolutional filters
of various sizes to capture features at several scales in parallel. This will pre-
vent the over-fitting problem and increases the detection accuracy. Through
extensive experiments with the ACRIMA dataset, we demonstrate that our pro-
posed approach achieves high accuracy in diagnosing glaucoma. Notably, we
recorded the highest accuracy (97.18%) among previous studies. The results from
this study reveal the potential of our approach to improve early detection of
glaucoma and offer more effective treatment strategies for doctors and clini-
cians in the future. Timely diagnosis plays a crucial role in managing glaucoma
since it is often asymptomatic. Our proposed method utilizing deep neural net-
works shows promise in enhancing diagnostic accuracy and aiding healthcare
professionals in making informed decisions.
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1 INTRODUCTION

Glaucoma damages to the vision area causing vision loss.1 Sixty five million people worldwide are affected by glaucoma.2
Glaucoma can lead to serious damage or even complete loss of optic nerve fiber.3 The front of eye is filled with a clear
liquid called aqueous humor which is continuously produced and expelled from the eye to maintain constant pressure.
If the fluid is not properly secreted out of the eye, the pressure rises and leads to glaucoma. If the eye pressure (called
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intraocular pressure (IOP))4 increases from its normal value, it can lead to blood flow loss to the optic nerve. Popular
conventional examinations for the diagnosis of glaucoma are IOP evaluation, visual field test, evaluation of the head of
optic nerve, and gonioscopy. However, these techniques are not accurate enough for the diagnosis of glaucoma, especially
at early stages. As a result, visual impairment can even occur without a noticeable increase in the IOP and hence glaucoma
is often known to be asymptomatic, thus, early diagnosis of glaucoma is essential.

To further observe the eye structure, Figure 1 shows the image of the fundus, the inner view of the eye, including
the retina, optic nerve, macula, and blood vessels. The head of optic nerve is where the axons of ganglion cells leave the
eye and form the optic disc. The optic disc is divided into two bright and central areas called the outer rim and the cup,
respectively. The optic cup is placed in the center of the optic disc (Figure 1A) and is a white cup-like area, and a peripheral
part is called the retinal nerve edge.5

The abnormal cup size compared to the optical disc is a feature of glaucomatous eyes (Figure 1B). There are different
image processing approaches to cup and disc splitting to diagnose glaucoma in colored images of fundus. Some works
focus only on the optical cup or optical disc split,6,7 while others focus on calculating the ratio of the cup diameter to disc
(CDR),8 which is used as glaucoma indicator. However, measuring the cup to disc ratio requires a great deal of effort to
obtain an optical disc and segment the appropriate cup disc.

Classification of the medical images using deep learning models has become very popular in different applications.
However, accurate analysis of medical images using deep learning models requires access to large datasets. In medical
applications, the distribution of collected samples in the dataset is normally unbalanced due to the unbalanced prevalence
of each disease class among patients. Therefore, the diagnosis of diseases with insufficent and unbalanced datasets using
deep learning can be very challenging. In other words, it is difficult to obtain sufficient information for the training phase
of a neural network in some disease. In such circumstances, a reliable method of data augmentation will counteract the
effects of unbalanced data and improves the overall performance by preventing over-fitting.9 This has motivated us to
conduct our research on this topic.

We proposed a novel model using a combination of suitable MAS Block and image augmentation techniques. The
MAS Block consists of multiple parallel convolutional layers. This block has different filter sizes, followed by some con-
catenation and pooling operations. By using filters of different sizes, the MAS Block enables the network to learn features
at varying levels. The pooling operations help reduce spatial dimensions, while the concatenation operation combines
the outputs of different convolutional layers into a single tensor.

This architecture allows the network to capture both fine-grained details and broader contextual information, leading
to better representation learning and improved performance in numerous applications including image classification and
object detection.10

We also employed data augmentation to increase the size of the glaucoma dataset and hence achieving a reliable
diagnosis performance. To this end, we propose a new combination of data augmentation techniques that significantly
increases the classification accuracy with normalized parameters. This new combination includes cropping, rotation, flip
and zoom data.

Through our extensive experiments, it is shown that the obtained diagnosis accuracy when using the proposed
approach is higher than that of pre-trained networks. In the proposed method, as opposed to traditional approaches, there
is no need to use handcrafted features or measure the geometric optic nerve head structures such as cup to disc ratio,

F I G U R E 1 The main structures of the head of optic nerve that can be seen in of the fundus. It consists of (A) a healthy optical disk and
(B) an optical disc glaucomatous.
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which normally comes with error. Instead, the disease can be diagnosed using the features automatically extracted from
raw images in the dataset.

In the next section, the related works for glaucoma diagnosis is provided. Then, the proposed method will be described
in Section 3. Section 4 is devoted to presentation of the performance evaluation of the proposed method. Finally, we will
present the discussion and conclusion in Sections 5 and 6, respectively.

2 RELATED WORKS

To date, many algorithms for segmenting different layers of the retina have been proposed to diagnose glaucoma. Dividing
the retinal layers helps ophthalmologists diagnose eye diseases accurately. However, accurate extraction of the retinal
layer is very important for calculating various diagnostic parameters such as cup to disc ratio. Current techniques for
diagnosing glaucoma based on retinal layer extraction fall into three categories. The first group is related to cup and disc
area detection algorithms, and CDR index determination. The second group introduces deep learning algorithms based
on CNN for the automatic extraction of features in retinal layers. The third group is deep learning algorithms based on
transfer learning using pre-trained networks.11

Diagnosis of glaucoma needs the calculation of three indicators: optic disc, optic cup, and CDR. The CDR is often
calculated as the ratio of the vertical diameters of the cup and the disc. To find the exact size of the CDR, one usually needs
to calculate the diameter of optical disc and optic cup exactly. In addition, three-dimensional images may be used for this
purpose. However, the determination of the CDR for glaucoma diagnosis is not applicable for all patients. Yuji Hatanaka
et al. have proposed a method for diagnosing glaucoma using the CDR in two-dimensional retinal images. This method
has two steps. First, fundus images are captured using the retinal fundus camera, and the optic disc area is extracted. In
the Second step, the CDR index is determined.

Manual segmentation of the optical disc and optic cup images needs much time. Hence, scores of methods are pro-
vided to automatically split the optical disc and optic cup. Optical disc splitting methods are usually categorized into
pattern-based, modular-based, and pixel-based classification methods. In most pattern-based methods,12,13 the optical
disc is approximated in a circle or ellipse, and therefore the Hough transform is used. In Reference 12, for example, the
edge detection was performed by Sobel method, and then the approximate margin of the optical disc was determined by
Hough transform. To perform optical disc segmentation, Aquino et al.14 simultaneously used morphological and edge
detection methods along with the circular Hough transform. Regarding model-based deformable methods, Lowell and
colleagues14 found the optic disc first. Afterwards, the optical disc was divided using a contour deformation model, which
used a universal elliptical model and a local deformation model. To reduce the changes in the optical disc area, Joshi
et al.15 used strong multidimensional feature spaces extracted from points of interest. In the case of pixel-based classifica-
tion methods, in Reference 16 proposed a method for pixel classification to split the optical disc and optic cup. However,
to train the classification module, selecting pixels and extracting properties from a large number of pixels is challenging.
Cheng et al.17 reduced the number of pixels, optical disc, and optic cup using the superpixel strategy.18 This method is
used to increase the performance of optical disc splitting in superpixel classifications. The optical cup segmentation is
more challenging than optical disc segmentation due to the blurring of optical cup boundaries. Table 1 summarizes the
properties of the related works in the literature.

Retinal fundus images usually use two types of image surface information consist of paleness, and curvature of the
arteries to determine the boundary of the optic cup.19 In Reference 20, the researchers used fundus images to the intensity
of the optic cup extraction threshold. Wong et al.8 combined a variational level set and thresholding to divide the optical
cup. All of these methods classified the optic cup using pallor information. Because the inlet vessels to the cup often bend,
blood vessels were useful to detect the optic cup.15,21 Many other methods such as superpixel were also used to divide the
optic cup. Y. Xu et al.22 described superpixel classification as a low-grade superpixel representation problem.

Another way to diagnose glaucoma is to use convolution neural networks (CNN).23 These networks are focused on
new algorithms for automatic feature extraction.24 Bock et al. suggested a data-driven approach.25 Their method is not
based on the accurate measurement of the CDR index. Instead, they used “special images” idea to obtain features that
are Support Vector Machine (SVM)-classified. Evaluation of the algorithm on 575 from the Erlangen Glaucoma Reg-
istry (EGR) indicated an accuracy of 88%. However, these images are not publically available, and the method cannot be
compared with other methods.

Researchers have used CNN in areas such as artificial intelligence and machine vision. However, their importance
was not noticed until the introduction of ImageNet in 2012, whose primary purpose was to estimate the content of real
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images for automatic detection using the ImageNet dataset.26 Their success was achieved using Graphical Processing
Units (GPU) activation functions such as ReLU, data augmentation methods, and dropout technique.27 The main strength
of CNN architecture is its ability to automatically extract features.28,29

Proper training of CNNs needs labeled data. This is a limiting factor to address in assessing glaucoma and computa-
tional resources. Although data augmentation is valuable to artificially increase a dataset’s size, in the absence of sufficient
data for CNN training, transfer learning is also effective. However, there are some studies that use base deep learning
models in this regard. Chen et al.30 proposed a six-layer CNN architecture including (1) four convolutional and (2) two
fully connected layers for the automatic classification of images of fundus glaucomatous. Another study by Alghamdi
et al.31 used four public and four private datasets to diagnose visual disc abnormalities. They introduced a new approach
by using two CNN networks: first, a CNN is trained and classifies the visual disc area, and another to categorize the visual
disc area into normal, suspicious, and abnormal categories.

As mentioned above, transfer learning could be a useful approach to deal with small training data in glaucoma diag-
nosis. To exploit this strategy, one must obtain a fixed feature extractor by considering the CNN convolution layers as
an extractor and then transfer these features to a linear classifier for training.32 In Reference 5, the analysis was pre-
sented by five different CNN-trained architectures with ImageNet, which is used as a glaucoma classifier. They were
precisely tuned and tested using unique public datasets. The high accuracy and sensitivity of their analysis showed that the
CNN architecture trained by ImageNet was a powerful option for the automatic glaucoma detection algorithm. Carneiro
et al.,33 have shown that CNN models already trained in natural images, such as ImageNet, are very practical in medi-
cal image applications although images’ appearance is significantly different. In another study by Tajbakhsh et al.,34 the
researchers demonstrated the performance of CNN already trained for four medical imaging programs. CNN-trained net-
works with ImageNet can extract features so that where a CNN applies to an image, a specific hidden layer extracts the
features. Finally, the extracted features are classified using SVM, decision tree, k-nearest neighbor (KNN), or Naive Bayes
classification. For example, Barr et al.,35 used pre-trained CNN networks as feature extractors to identify chest pathology.

In Reference 36, is introduced Rethinking the Inception Architecture for Computer Vision. This work proposed
improvements to the original Inception module design by introducing several modifications such as dimension reductions
with 3× 3 convolutions, factorizing larger convolutions into smaller ones, and utilizing label smoothing regularization.

Christian Szegedy et al,37 introduced a modified version of an Inception module called a ‘grid reduction unit’ to
improve efficiency while maintaining accuracy. It explored different variants of convolutional layers and demonstrated
improved performance on image recognition tasks.

Medical image analysis has been widely used to diagnose diseases such as breast cancer, prostate cancer, and so forth.
Recently, due to great success of artificial intelligence techniques, deep learning analysis for medical images has been
widely studied. However, obtaining sufficient medical information is difficult, and the small amount of training data
prevents the improvement of deep learning performance. To solve these issues, various studies have been conducted and
data enhancement is one of the mitigation strategies. For example, Ronneberger et al.,48 added modification, rotation,
and deformation in microscopic images to the model during grid training.

Utilization of data augmentation could be different from one application to another. For example, in learning to recog-
nize human speech, a little noise is added to the voice signal so that the network can learn to recognize words or emotions
even with opaque sounds. In image processing applications, techniques such as rotating and changing the brightness
and cropping the image are used to detect the presence of an object in the image or to find the exact location of several
objects in an image. In image data augmentation, the modifications on images are applied in way so that the statistical
distributions and main properties of the images are preserved. The modified versions of images are generated by image
processing operations such as shifts, reversals, zooms. The new images should be probable and believable. For example,
the rotating 180◦ is not suitable for producing new images of dogs or cats because dogs and cats do not move on the ceil-
ing or in the air. Therefore, the data augmentation techniques should be carefully selected according to the content and
type of data.

Recent deep learning methods such as convolution neural networks are capable of learning features which are inde-
pendent of the location of the object of interest in the image. However, enhancing and adding data by changing rotation,
light, and color can further aid in the learning of independent features in the image. Image data augmentation is usually
applied to training images and not to test images.49

Fundus imaging is an effective and inexpensive tool for screening of retinal diseases. At the same time, deep learning
algorithms can perform similar to or even better than human experts (e.g., physicians) in some image classifications.
One key tool is the use of data enhancement techniques to improve the performance of such models. Commonly used
augmentation methods for eye fundus images include rotation, shearing, and flipping.
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3 PROPOSED METHOD

In this section, we describe different steps of our approach for processing glaucoma images. The main part of this model
is a deep convolutional neural network for classifying input glaucoma images.

The CNN consists of several layers. The first layer is a Conv2D layer with 256 filters, each with a kernel size of
(3, 3), and ReLU activation function. It takes input images of size (256, 256, 3). This layer applies convolutional filters to
extract features from the input images. The second layer is Batch Normalization, which normalizes the outputs of the pre-
vious layer to ensure stable training. Third is the MaxPooling2D layer with a pool size of (2, 2), which reduces the spatial
dimensions of the previous layer’s output by selecting the maximum value in each pooling window. This helps in cap-
turing the most important features and reducing the computational complexity. The fourth layer is a Dropout layer with
a dropout rate of 0.4, which randomly sets a fraction of input units to 0 at each update during training, helping to pre-
vent over-fitting. The next few layers follow a similar pattern as the previous layers, with Conv2D, Batch Normalization,
MaxPooling2D, and Dropout layers applied successively.

The proposed network is a convolutional neural network (CNN) with three MAS Blocks that classify images into
predefined classes. Each MAS block consists of three filters: 1× 1, 3× 3, and 5× 5, which are located in the first, second,
and third layers, respectively.

3.1 Data augmentation techniques for fundus images

Classification of medical images plays a key role in patients’ treatment and diagnosis. This process can be performed
through either manual inspection or using artificial intelligence. In the former, a specialist visually inspects images which
is a highly error-prone and time-consuming process. On the other hand, extracting and selecting suitable image features
using classical machine learning techniques is very challenging. Deep neural network is currently an emerging machine
learning method that has shown its potential for various classification tasks. In addition, it has produced promising results
in the classification of medical images.

Furthermore, image data augmentation is a technique that artificially increases the size of the data without new
imaging and only by creating manipulated versions of existing images.50 Training deep neural networks with large-scale
data can lead to more accurate networks. Hence, image data augmentation process can increase the size and diver-
sity of the input images to allow learning detailed properties by the CNN and achieve better understanding of each
image class leading to a so-called generalized model. In this study, we tried using the GAN (Generative Adversarial Net-
work) method for image generation. But, due to the noisy nature of the generated images, the proposed model did not
train well.

3.2 Using MAS block to extract features of fundus images

In the following, we introduce the Multi-Scale Attention Block (MAS Block), a pivotal component that offers significant
advantages in the domain of fundus image feature extraction.51 By incorporating convolutions with different kernel sizes,
an MAS Block can gather contextual information from neighboring pixels in a fundus image. This is particularly useful
for understanding relationships between objects or regions within the image and capturing global context that aids in
distinguishing normal from abnormal areas. Fundus images typically have high-resolution input dimensions that may
lead to increased computational complexity and memory requirements in deep learning models.

The MAS Block is a building block used in deep learning models, particularly in CNNs. It was introduced by the
Google Research team in their paper “Going Deeper with Convolutions” for image classification tasks.37 The MAS Block
aims to capture multi-scale features within an image by applying multiple different-sized filters simultaneously and
concatenating their outputs. This allows the network to learn both local and global patterns effectively.

An MAS Block typically consists of a series of parallel branches, each performing different convolutions on the input
feature maps. These convolutions can include 1× 1, 3× 3, or 5× 5 filters as well as pooling operations. By combining these
different filter sizes together, the model can extract features at various spatial resolutions.

Overall, the MAS Block has been widely adopted in many state-of-the-art CNN architectures due to its ability to capture
diverse scale information efficiently, enabling better performance on image recognition tasks.
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KHAJEHA et al. 7 of 17

In addition to its role in capturing contextual information, the MAS Block operates as a complicated mechanism
for adaptive feature extraction. The incorporation of convolutions with different kernel sizes enables the MAS Block to
dynamically adjust its receptive field, facilitating the extraction of features at multiple scales within a fundus image.
This adaptability is particularly crucial in the analysis of complex structures and subtle variations present in medical
images, allowing the model to recognize detailed patterns, aiding in precise diagnosis. As a fundamental building block
in deep learning models, the MAS Block not only enhances feature extraction but also plays a key role in optimiz-
ing the model’s ability to generalize across diverse fundus images, contributing to its robust performance in real-world
scenarios.

The multi-scale attention block allows the model to capture both fine-grained details and broader contextual infor-
mation simultaneously. By attending to relevant regions at different scales, the model can effectively handle variations in
object sizes, complex scenes, and context-dependent classification scenarios. This network provides a new structure for
the diagnosis of glaucoma. As explained in the introduction, previous research on the diagnosis of the disease has been
based on pre-trained networks or the calculation of the CDR index.

A multi-scale attention block for image classification is a building block or module that combines the concepts of
multi-scale processing and attention mechanisms in CNNs. It aims to improve the performance of image classification
models by capturing contextual information at different scales or resolutions. The multi-scale attention block consists of
the following components:

I. Multi-Scale Feature Extraction: The input image is processed by a set of convolutional layers to extract features at
different scales or levels. These convolutional layers capture information at various receptive field sizes, allowing the
model to capture both local details and global context.

II. Attention Mechanism: Within each scale, an attention mechanism is applied to compute the importance or rele-
vance of different spatial positions or regions. This is typically achieved through self-attention, where each position is
compared to all other positions within the same scale, and attention weights are assigned accordingly. The attention
weights reflect the significance of each position in relation to others within the same scale.

III. Attention Fusion: The attention weights obtained from each scale are combined or fused to create a unified repre-
sentation that incorporates contextual information from multiple scales. This fusion enables the model to have a
comprehensive understanding of the image, considering both local and global relationships.

IV. Integration and Classification: The fused representation is then further processed by subsequent layers, such as fully
connected layers or a classifier, to perform the final image classification task.

In addition to its primary function in integration and classification, the multi-scale attention block plays a key role in
enhancing the model’s robustness. The adaptability of the attention mechanism ensures that the model can effectively
handle variations, making it resilient to noise, diverse image qualities, and potential variations in fundus images. This
adaptability is paramount in real-world applications, where the conditions of capturing images may vary. The multi-scale
attention block’s capacity to capture both local and global context allows the model to generalize well across different
datasets, ensuring consistent performance across a spectrum of glaucoma cases.

Because of high computational demand, most deep learning applications require high powered computing resources.
As the number of layers in a deep neural network increases, the number of required calculations will significantly
increase, and thus using GPUs would be necessary. As the number of layers of deep neural networks increases, more
training data would be needed compared to classical artificial neural networks. The more the training data, the more
accurate the learning for deep multilayer networks can be obtained. Therefore, increasing the amount of data alongside
using GPUs improve the performance of deep neural networks.

There are several software libraries for designing deep learning structures. In this article, a CNN image classifier was
created using Tensorflow. Figure 2 depicts the detailed architecture of our proposed model.

4 EXPERIMENTAL RESULTS

In this study, we used an HP Proliant DL380 G10 and an NVIDIA Quadro RTX 5000 16 GB graphics card to implement
and evaluate the proposed method. We also used Python version 3.9 and CUDA Toolkit 11.3 for the graphics card to run
the proposed model. In the following section, the details of setting the parameters and results of each module are provided
along with the performance criteria of the whole system.
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8 of 17 KHAJEHA et al.

F I G U R E 2 Proposed convolutional neural network architecture.

T A B L E 2 Number of images in public datasets labeled with glaucoma.

Dataset Glaucoma Normal Total

HRF52 27 18 45

Drishti-GS16 70 31 101

sjchoi8653 101 300 401

RIM-ONE54 194 261 455

ACRIMA5 396 309 705

T A B L E 3 Number of images of training ACRIMA, RIM-ONE and Sjchoi86 datasets after data augmentation.

Dataset Glaucoma Normal Total

ACRIMA 2219 1729 3948

RIM-ONE 1085 1463 2548

sjchoi86 576 1680 2256

4.1 Dataset

To train a CNN model, a large collection of retina images is required. Five public datasets are available for glaucoma. The
specifications of these datasets are listed in Table 2.

ACRIMA5 clinical dataset is the largest public dataset for glaucoma diagnosis. This dataset contains 705 labeled
images, including 396 glaucoma and 309 normal images. Patients provided the images with prior consent and by the ethi-
cal principles and standards set out in the 1964 Helsinki Declaration. During the examination, all patients were selected by
specialists based on clinical criteria and findings. Some images have been discarded due to noise and poor contrast. They
were taken with a Topcon TRC retina camera and an IMAGE net imaging system with a 35◦ field of view. All ACRIMA
dataset images are annotated by two glaucoma experts who have 8 years of experience. No other clinical information was
considered when labeling the images.

To train a CNN network, a large collection of retina images is required. Therefore, according to Table 2, we have used
ACRIMA, RIM-ONE, and Sjchoi86 separate datasets to train the model. We almost included 10% of the data in these
datasets as a test set and examined the results of various experiments on this data set. Since the number of images in
this dataset is not enough to train the model, we have used the data augmentation technique in this study to increase the
number of images. Table 3 shows the number of glaucoma and non-glaucoma images of training data after performing
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data augmentation on the ACRIMA, RIM-ONE, and Sjchoi86 datasets. As one of the most popular techniques to evaluate
the classification performance, K-fold cross-validation was used with K = 10.

4.2 Tuning hyperparameters

4.2.1 Tuning optimization functions

To improve the accuracy and performance, we have used three optimizer functions in the proposed model. Two major
performance metrics including loss function and are used to measure the performance of the model after each iteration
According to Table 4, the highest accuracy has been obtained for the Adam optimizer.

The Loss function is equivalent to the mean square error (MSE) which can be calculated via Equation (1) where n is
the number of data points, Y is the vector of observed, and ̂Y is the predicted values:

MSE = 1
n

n∑

i=1

(
Yi − ̂Yi

)2
(1)

In other words, the MSE is the mean ( 1
n

∑n
i=1) of the squares of the errors

(
Yi − ̂Yi

)2
. This is an easily computable

quantity for a particular sample.

4.2.2 Tuning nonlinear functions

In the proposed model, we use three nonlinear functions Elu, ReLU, and Tanh. According to Table 5, the highest accuracy
was obtained for the Elu function.

The proposed model includes three stages of preprocessing, training, and model evaluation. In the first step, ini-
tial preprocessing consists of normalization, and unsharp masking (USM) on all training, validation, and testing data
for each image in the entire dataset. We used the unsharp masking technique to enhance the quality of fundus images
and reduce the natural noise. Using this technique, some image features such as edges, boundaries, or contrast are
improved. In the second stage, we trained the proposed neural network through 200 iterations. Finally, in the third
step, which is model evaluation, we evaluate the trained model and checked the accuracy and loss obtained on the
experimental data.

In this study, the proposed model was evaluated on the ACRIMA, RIM-ONE and Sjchoi86 datasets. By reviewing and
comparing the results obtained from the model, the lack of data in the training phase results in over-fitting the data of
the experimental set (Table 6). According to Table 6, the accuracy of the model in the training phase is very good, but it
is low in the testing phase, and it indicates the over-fitting phenomenon.

T A B L E 4 Comparison of optimizer functions in the proposed model.

Optimizer functions Test accuracy (%) Test loss

Adam 97.18 12.2

Adamx 87.32 26.4

SGD 78.87 40.2

T A B L E 5 Comparison of nonlinear functions in the proposed model.

Activation function Test accuracy (%) Test loss

Elu 97.18 12.2

ReLU 90.14 22.9

Tanh 87.32 26.2
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10 of 17 KHAJEHA et al.

T A B L E 6 Accuracy obtained in ACRIMA, RIM-ONE and Sjchoi86 datasets before data augmentation technique.

Dataset Training accuracy (%) Test accuracy (%)

ACRIMA 99.63 67.6

Sjchoi86 83.4 23.6

RIM-ONE 85.6 21.1

F I G U R E 3 An example of data augmentation on a sample of the fundus Image.

F I G U R E 4 Accuracy in ACRIMA dataset.

Additionally, given the disparity in image quantities between the ACRIMA dataset and the RIM-ONE and Sjchoi86
datasets, Specifically, the images in the ACRIMA dataset were artificially augmented through the utilization of data
augmentation techniques.

The data augmentation step is applied before preprocessing stage, i.e. before normalization and unsharp masking.
Data augmentation techniques including operations such as rotation range of 10◦, zooming range of 0.2, shearing

range of 0.2, horizontal flip, height shift range, and width shift range of 10% are shown in Figure 3. This figure depicts
the influence of data augmentation on a subset of fundus images, potentially enhancing the generalization and resilience
of a machine learning model. The visualization showcases the original fundus image alongside its diverse augmented
versions, serving to exemplify the capacity of data augmentation in generating varied renditions of the original image.
This process aims to furnish the model with a more extensive array of instances for learning purposes.

Note that the data augmentation is performed only for training data. Therefore, the validation and testing conditions
are the same as in the previous experiment. Figure 4, shows the training and validation accuracy of a convolutional
Neural Network (CNN) over time. The x-axis represents the number of training epochs, while the y-axis represents the
accuracy of the model on the training and validation datasets. According to Figure 4, is observed how the accuracy of the
CNN model changes as it is trained on the training data and then evaluated on the validation data. We aim to observe a
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concurrent increase in both the training and validation accuracy over time, signifying the model’s adeptness in learning
and effectively generalizing to novel data. Conversely, if the training accuracy demonstrates persistent improvement while
the validation accuracy reaches a plateau or diminishes, this could suggest potential over-fitting of the model to the
training data, thus hindering its generalization capabilities.

4.3 Effect of using MAS block

In this subsection, we delve into the impact of incorporating the Multi-Scale Attention (MAS) Block within our proposed
framework. To thoroughly evaluate its impact, we compared the performance of our CNN model with and without the
MAS Block. The results demonstrated a substantial increase in accuracy when utilizing the MAS Block, underlining its
pivotal role in enhancing the model’s predictive capabilities.

Our experiments demonstrated that the MAS Block effectively captures multi-scale features within fundus images,
allowing the model to discern intricate patterns crucial for accurate diagnosis. By applying multiple filters simultaneously
in a series of parallel branches, the MAS Block facilitates the extraction of features at various spatial resolutions. This
adaptability is especially crucial in analyzing complex structures and subtle variations present in medical images. The
MAS Block’s ability to capture both local and global context contributes significantly to the model’s improved performance
in distinguishing normal from abnormal areas within fundus images. As shown in Table 7, utilizing the MAS Block
resulted in an increase in accuracy by 3.29%.

Furthermore, the integration of the MAS Block into our framework showcases its efficiency in optimizing the model’s
ability to generalize across diverse fundus images. Despite the additional complexity introduced by the MAS Block, the
increase in accuracy is substantial, demonstrating its robustness and utility in real-world scenarios. These findings under-
score the MAS Block’s instrumental role in advancing the accuracy and efficacy of our proposed model for glaucoma
diagnosis.

4.4 Performance metrics of the proposed model

Here, the overall performance of our model will be discussed. The confusion matrix consists of actual and predicted
classification results. The performance of such systems is usually assessed using the data in this matrix. This matrix is
used to extract some important criteria such as accuracy, precision, recall, F-measure score and MCC etc. Table 8 shows
the Confusion Matrix for a two-class classifier.

To facilitate the evaluation of the performance of the glaucoma diagnosis system, three criteria for evaluating the
Accuracy (Equation (2)), Precision (Equation (3)), Recall (Equation (4)), and F-measure score (Equation (5)) and MCC
(Matthews Correlation Coefficient) (Equation (6)) can be used.55

The F-measure score is commonly used in imbalanced datasets because it provides a balanced evaluation of a classi-
fier’s performance, taking into account both precision and recall. In imbalanced datasets, where the number of instances
in different classes is uneven, accuracy alone may not be a reliable measure of a model’s performance. When a dataset
is imbalanced, accuracy can be misleading because a classifier can achieve high accuracy by simply predicting the

T A B L E 7 The effect of MAS block.

Accuracy % Precision % Recall % F-measure score % MCC %

Baseline without MAS block 90.14 90.47 92.68 91.77 79

Baseline with MAS block 97.18 100 95.12 97.06 94.43

T A B L E 8 Confusion matrix for classification of two classes.

Predicted positive Predicted negative

Actual positive TP FN

Actual negative FP TN
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T A B L E 9 Results of performance evaluation of our model and pre-trained models.

# Model name Accuracy % Precision % Recall %
F-Measure
score % MCC %

1 DensNet201 70.42 78.79 65.00 70.02 42.18

2 InceptionResNetV2 81.69 90.91 75.00 80.79 64.95

3 InceptionV3 63.38 62.07 90.00 75.99 24.40

4 MobileNet 73.24 78.38 72.50 74.80 46.35

5 Resnet101 84.51 100 72.50 81.71 73.15

6 Resnet152V2 74.65 82.35 70.00 74.58 50.28

7 VGG 16 84.51 96.77 75.00 82.62 71.77

8 VGG 19 83.10 96.67 72.50 80.78 69.55

9 Xception 63.38 93.75 37.50 49.73 40.68

10 ConvNeXtTiny 64.79 94.12 40.00 52.33 42.73

11 ConvNeXtBase 76.06 89.66 65.00 73.26 55.82

12 ConvNeXtLarg 76.06 87.10 67.50 74.36 54.59

13 Our model 97.18 100 95.12 97.06 94.43

majority class for most instances, while performing poorly on the minority class. This can lead to a false sense of the
model’s effectiveness. The F-measure score, which combines precision and recall into a single metric, is particularly use-
ful in imbalanced datasets because it considers both false positives (precision) and false negatives (recall), providing a
more comprehensive assessment of the classifier’s ability to correctly identify instances from all classes.

In this study, we employed Equation (5) to compute the F-measure score. The parameter β regulates the emphasis on
recall in relation to precision. A higher β value assigns greater weight to recall, whereas a lower β value assigns greater
weight to precision. Our proposed model aims to reduce the occurrence of false positives (FP). To accomplish this, we
have specified the β as 1.2 in Equation (5), thereby highlighting the significance of recall over precision.

The variables accuracy, precision, recall, F-measure score and MCC (Matthews Correlation Coefficient) are perfor-
mance metrics commonly used in classification tasks to evaluate the quality of a machine learning model. The variables
TP, TN, FP, and FN stand for true positives, true negatives, false positives, and false negatives, respectively.

The obtained variables are shown in Table 9 (#13) according to the data of the evaluation section of the proposed
model for the data in Table 3.

Accuracy = TP + TN
TN + FP + TP + FN

(2)

Precision = TP
TP + FP

(3)

Recall = TP
TP + FN

(4)

F −Measure score =
(
1 + 𝛽2) Precision × Recall

𝛽

2 × (Precision) + Recall
(5)

MCC = (TP × TN − FP × FN)
√
(TP + FP)(TP + FN)(TN + FP)(TN + FN)

(6)

5 DISCUSSION

Artificial intelligence, such as machine learning and deep learning, has been widely used in various fields, including
cancer treatment, biomedical information, industrial electronics, the Internet of Things, machine translation, and more.
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In ophthalmology, artificial intelligence has shown great potential in diagnosing various eye diseases, including diabetic
retinopathy, glaucoma, retinopathy, and OCT (optical coherence tomography). These algorithms have performed well in
image classification and evaluation and have even been comparable to human clinicians. However, challenges remain in
clinical and technical aspects, including algorithm interpretability by physicians and patients, and potential over-fitting
due to small and imbalanced datasets. The proposed method has solved the problem of over-fitting to an extent and
achieved promising results in diagnosing glaucoma using fundus images, but this limitation has not been fully resolved.
Although the data will be increased by using the image augmentation technique to solve the over-fitting problem, there
is a possibility that the model may make an error in the testing section and make an incorrect diagnosis, which is caused
by not training the proposed model with a publicly available dataset with a large number of glaucoma data samples.

In this study, we addressed the diagnosis of glaucoma using a deep learning approach. First, we applied raw data to
our model based on the obtained results. Because of the small amount of data in the training phase, the phenomenon
of over-fitting occurred in the model. To reduce the effect of over-fitting, we presented the use of the data augmentation
technique and adding MAS Block. And trained the proposed model after adding dataset images on the dataset images
in Table 3.

The results of the performance of the proposed model with data augmentation and adding MAS Block were evaluated
using measures like accuracy, precision, recall, F-measure score and MCC (Table 9). Figure 4 show the amount of accuracy
measured in the model. Afterward, we compared the performance of the proposed model with 12 pre-trained networks.
In order to evaluate and compare the performance of the proposed model with pre-trained networks, we used the same
test dataset for both the proposed model and the pre-trained networks. The results of which are shown in Table 9. Based
on the findings in Table 9, the performance of Resnet101 and VGG16 models is higher than in comparison with other
pre-trained networks. While the performance of the proposed model is more than in comparison with these two models.
It should be noted that the results of Table 9 are based on the implementation of the methods by the researchers of this
article and testing on the same test set.

Extensive research has been done on the diagnosis of glaucoma using fundus images on images of the ACRIMA
dataset. The results of different methods of diagnosing glaucoma are shown in Table 11. These results are based on reports
presented in different articles, which can have different test data sets. As an example, the accuracy of InceptionV3 is
three different values, which include of 93.87, 98.25, and 98.5. These results are also given in this article to make a fair
comparison. Another important parameter for comparing different methods is the number of parameters of models. In
Table 10, the number of parameters of pre-trained models.

As per the findings presented in Table 11, some methods such as DenseNet56 have higher accuracy compared to the
proposed method. However, these methods have more parameters compared to the proposed method (Table 10), which

T A B L E 10 Number of parameters for pre-trained models.

Model name # Parameters (in millions)

DenseNet201 20.2

InceptionResNetV2 59.9

InceptionV3 23.9

MobileNet 4.3

Resnet50 25.6

Resnet101 44.7

Resnet152V2 60.4

VGG 16 138.4

VGG 19 143.7

Xception 22.9

ConvNeXtTiny 28.6

ConvNeXtBase 88.5

ConvNeXtLarg 197.8

Our model 3.4
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T A B L E 11 Comparison of different results of glaucoma diagnosis in ACRIMA dataset.

Title Network Accuracy (%)

53 Xception 70.00

ResNet-50 84.00

GoogLeNet 87.00

ResNet-152 83.00

5 Xception 96.05

47 Inception V3 98.25

VGG19 92.64

ResNet50 95.58

57 Alex Net 99.50

InceptionV3 98.50

InceptionResNetV2 99.00

NasNet-Large 99.50

56 AlexNet 96.23

GoogleNet 91.51

InceptionV3 93.87

XceptionNet 98.11

ResNet50 95.75

SqueezeNet 95.75

ShuffleNet 96.23

MobileNet 98.58

DenseNet 99.53

InceptionResNet 96.23

NasNet-Large 96.23

requires more computation power and resources. For the DenseNet method, the number of parameters of model is about
6 times of the proposed method. It is also noteworthy that Sreng et al.56 merely acknowledged the presence of a significant
class imbalance in the ACRIMA dataset and did not take steps to address it during their research.

6 CONCLUSIONS

Fundus images are currently used as a complement to other important clinical parameters in the diagnosis and pro-
gression of glaucoma. This paper demonstrates a process of classifying fundus images using CNNs that has a deep
learning architecture. Although there are various algorithms that classify images, CNN is the standard method. One of
the challenges on CNN is the need for a large number of images to train the model. In this article, we used of the data aug-
mentation technique and MAS Block to reduce model over-fitting, improve image classification accuracy, and increase
model accuracy by 97.18%.

The patient’s clinical findings, and other ophthalmologic images such as OCT, Pentacam, Perimetry, and genetic test-
ing are data of a different nature, each offering a different and potential perspective on the patient’s condition. This type of
data, along with a comprehensive glaucoma diagnosis application could be a new approach to enhance diagnostic accu-
racy. An accurate and early diagnosis of glaucoma is essential for early treatment before the patient begins to permanently
lose vision. One of the limitations of this study is the lack of access to the OCT and Perimetry data of the patients. Today,
with the advent of smartphones and the possibility of installing various applications, the authors of this study suggest the
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development of a proposed model using OCT data And perimetry data of each patient on smartphones as a next step that
can be made available to the public as a glaucoma screening program.
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