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Abstract: Diabetic Retinopathy is a cause of avoidable blindness worldwide. It is one of the dangerous diseases linked to diabetes. Detecting and treating disease
promptly usually means less vision loss. Eye care professionals normally look at pictures of the eye fundus to find out if someone has a disease. This takes a lot of
time and money. In places that do not have a lot of resources or are hard to reach it is really hard to do this. Now that technology is getting better we are actually
making progress, with health care from away. This means we can use computers to find illnesses using artificial intelligence and machine learning. Eye care
professionals can use these computers to look at pictures of the eye fundus and find diseases .This paper proposes a novel approach to automated retinopathy
detection by application of a deep learning framework to retinal fundus images. The solution is a combination of Convolutional Neural Networks and transfer
learning, integrated to an Artificial Intelligence Healthcare infrastructure Chabot. The learning tool is also the assessment of artificial intelligence through the
Chabot. The tool is evaluated using retinal fundus images from the APTOS 2019 Blindness Detection. The offered solution can scale up diabetic retinopathy
screening in an efficient way. The developed combination can solve the problem because it allows considering images and physical data acquired by wearable’s.
The approach is scalable, cost-effective, and easy-to-implement, which makes it applicable in hospitals, diagnostic centers, and remote medical structures.
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INTRODUCTION

Diabetes mellitus is a problem that affects a lot of people all over the world. The International Diabetes Federation says that in 2021
about 537 million people had diabetes mellitus and that number is going to get a lot bigger. One of the things that can happen to
people with diabetes mellitus is Diabetic Retinopathy. Diabetic Retinopathy is a disease that can hurt your eyes and make you go
blind if you do not get treatment. Thanks to technology we can now use computers to help doctors find out if someone has a problem
with their eyes. This is because of something called intelligence and deep learning. These computers can look at pictures of eyes.
Find the important parts. They are really good at it too. Something called Convolutional Neural Networks is very good at looking
at pictures and figuring out what is wrong. Another method which helps to make the
computer more efficient and accurate is transfer learning. This is an important issue because it allows to use artificial intelligence
to help doctors to diagnose various eye diseases. It is possible to use computers to examine the images of the human eye. They
can identify the key points effectively and efficiently. The convolutional Neural Networks can do this task effectively because of
their high performance. They can assist doctors in diagnosing such disease as Diabetic Retinopathy, eye problems, and other vision
issues. Moreover, using the transfer learning techniques can improve the categorization accuracy and decrease the time needed
for training.

Even though automated diabetic retinopathy detection has advanced significantly, there are still a number of issues with current
research and real-world healthcare applications. In order to overcome these constraints, the proposed study presents an intelligent
healthcare system that integrates loT-enabled physiological monitoring, deep learning-based retinal image processing, and Al-
powered medical support. The system seeks to increase user engagement, assist preventative healthcare, improve diagnostic
accuracy, and enable widespread diabetic treatment by combining several technologies into a single platform.

1.1 PRINCIPAL CONTRIBUTIONS

1. Creation of a CNN-based automated diabetic retinopathy diagnosis system.
2. DenseNet121 transfer learning integration for better classification results.
3. Application of data augmentation and picture pre-processing methods.

4. loT-based physiological monitoring integration.

5. Creation of a healthcare Chabot with Al capabilities to help users.

6. Creation of a scalable platform appropriate for remote healthcare settings and hospitals.
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LITERATURE REVIEW

Diabetic Retinopathy is a problem for people with diabetes. It is one of the reasons people go blind. The bad thing, about Diabetic
Retinopathy is that it does not show any symptoms when it first starts. So people do not know they have it until it is too late. That
is why scientists are working hard to make computers that can look at pictures of the eyes and find problems before people lose
their sight. Computers are getting better at looking at pictures of the eyes and finding issues with Diabetic Retinopathy. This is
because of ways of looking at medical pictures and new computer programs that can learn and get better over time. Diabetic
Retinopathy diagnosis is more accurate and reliable now because of these computer programs.

Early diabetic retinopathy detection systems used image processing and machine learning techniques. These systems used steps to
prepare images, including making them clearer, separating blood vessels finding the optic disc and identifying lesions. The goal
was to find features that could indicate the disease. These features were then classified using methods, like Support Vector
Machines, k-Nearest Neighbors, Random Forests and Decision Trees. While these methods worked well they had some major
drawbacks. They needed a lot of expertise in the field. Required manually selecting features. This made it hard to use these systems
with datasets. Diabetic retinopathy detection systems needed to be more adaptable and scalable. The traditional methods were not
flexible enough to handle types of data. Therefore, new approaches were needed to improve retinopathy detection. Machine learning
techniques had limitations in retinopathy detection systems. Support Vector Machines were often used in diabetic retinopathy
detection. Diabetic retinopathy detection required classification of features. Early detection of retinopathy can help prevent severe
vision loss.

Deep learning hasbroughta new dimension in the field of image recognition and analysis. It has enabled computers
to identify features in images independently. Using this technology, the computer constructs a convolutional neural network that
helps detect diseases in the retina. The convolutional neural network has the ability to
learn and identify the presence of microaneurysms, haemorrhages, hard exudates, soft exudates, and vascular irregularities in the
retina. This has been made possible by using a self-trained algorithm. For instance, Gadekallu and his team have been studying the
best approach to use a learning model to detect diabetic retinopathy at an early stage. The team came up with a hybrid approach
that consists of learning and PCA-firefly to enhance the accuracy of detecting this disease. The results of their research indicate that
the approach is efficient and can improve the diagnostic accuracy of diabetic retinopathy substantially. Nonetheless, the approach
was tested only on a selected number of sample images. Therefore, there is a need to confirm whether this approach can be used
to analyze all types of medical images. The application of learning and diagnostic techniques is still under research, and deep
learning has become an integral part of these studies on diabetic retinopathy.

Memari and his team have been working on a computer-aided diagnosis system for the screening of retinopathy. Their research has
demonstrated that learning-based retinal image analysis could be a reliable solution for ophthalmic screening of diabetic retinopathy.
The proposed approach was able to classify retinopathy at an early stage accurately. However, it required a powerful central
processing unit to train and run the model smoothly. The retinopathy screening system that was designed for the diagnosis
of diabetic retinopathy was based on the deep learning concept. This technology was used to facilitate the
identification of retinopathy by analyzing the retinal fundus images. In addition, the computer-aided diagnosis system for
retinopathy screening was proposed to help ophthalmologists in the treatment of the
disease. This system was efficient but it failed because it required very powerful computational resources to run.

The integration of artificial intelligence and healthcare monitoring plays a significant role in making healthcare services accessible
to everyone. It promotes patient empowerment and prevents diseases from occurring. The framework proposed by the authors is a
good idea because ithas several advantages over existing solutions. For instance, the approach can be appliedin
different healthcare platforms ranging from large hospitals to small community clinics. Moreover, it has reduced the operating cost
substantially making it affordable to different patients. This project has demonstrated how artificial intelligence and deep learning
can be leveraged to develop healthcare systems that can help in the identification
of sick individuals and promote their management effectively. Artificial intelligence and healthcare monitoring
are essential components of this project on detecting blindness. They have played a crucial role in enabling this program to
make healthcare services easily accessible and empower patients to take charge of their health status.

| think that the APTOS 2019 Blindness Detection dataset isagreat source of information for researchers. The APTOS
2019 Blindess Detection dataset is very helpful to those who are interested in conducting research.

Asiri and others did a study on computer-aided diagnosis systems for diabetic retinopathy that use deep learning. They found that
models using CNN do better than machine learning methods on different sets of retinal images. The study said that using -trained
models adding more images and combining multiple models are key to getting better results. Deep learning models, CNN-based
models are really good at helping diagnose diabetic retinopathy. These models, CNN-based models work well across retinal image
datasets. The study, by Asiri et al. showed that CNN-based models consistently outperform machine learning techniques.
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It emphasized the importance of transfer learning, data augmentation and ensemble methods, in improving classification accuracy
of CNN-based models.

Lam and their team suggested a system to automatically detect retinopathy using deep learning. This system worked well in sorting
images by severity levels. It showed that Al can be used to help screen for retinopathy. The study also found that deep learning
systems can help reduce the workload of healthcare professionals. Doshi and their team built a neural network to classify diabetic
retinopathy. They got results when testing it on retinal images. Their work showed that this type of network can learn to recognize
features in retinal images on its own. However, their model was mainly for classifying images. Did not offer extra support, for
healthcare.

The work of LeCun, Bengio and Hinton was really important. It laid the groundwork for deep learning systems. LeCun, Bengio and
Hinton made contributions that had a lot of influence on the development of CNN architectures. These CNN architectures are now
used in image analysis.

Other architectures like AlexNet and VGGNet came later. AlexNet and VGGNet showed that they could do a job with big image
recognition tasks. This inspired a lot of people to use them for imaging. LeCun, Bengio and Hinton and their work, on deep learning
systems are still very important today.

People are doing research that goes past just looking at pictures to figure out what is wrong with someone. Now they are trying to
use Internet of Things technologies to make healthcare monitoring systems better. They are using devices that people can wear, like
sensors and smart healthcare devices to keep track of things, like heart rate and blood pressure and blood oxygen saturation and
glucose levels. These Internet of Things systems help doctors and nurses keep an eye on patients all the time and that helps them
prevent people from getting sick in the first place.

Table I shows a comparison of studies on diabetic retinopathy detection and healthcare support systems.

These studies help find retinopathy. They also provide support, for healthcare. The studies are compared in Table | Diabetic
retinopathy detection is key. Healthcare support systems are also crucial. Major studies focus on these areas. Table I lists them out.

Table I. Comparative Analysis of Existing Studies

Ref. Author(s) Methodology Key Contribution Limitation

[6] Gadekallu et al. PCA-Firefly Deep | Early DR detection using | Limited dataset
Learning optimized feature selection diversity

[10] Memari et al. Deep Learning CAD | Automated retinal screening | High computational
System framework complexity

[11] Asiri et al. Deep Learning Survey Comprehensive review of DR | No practical

diagnosis systems implementation

[12] Lam et al. Automated Deep | Multi-stage DR classification | Limited  healthcare
Learning integration

[13] Doshi et al. Deep CNN Automated DR detection No patient monitoring

support
Proposed DenseNet121 + 10T | Integrated diagnosis and | Requires multi-centre
Work + Al Chatbot healthcare support validation

According to an analysis the main goal now is to make classification more accurate using complex deep learning models. Retinal
image processing has come a way. Most systems still do not offer full healthcare support. They mostly just classify diseases. The
current research focuses on classification accuracy, with learning. It aims to go beyond just diagnosing illnesses.

PROPOSED METHODOLOGY

The healthcare system for healthcare is for people who need healthcare. It uses devices that are connected to the internet
and a computer program that can have conversations with people. This healthcare system is trying to create a way to take care of
people’s health by finding Diabetic Retinopathy. It does this by using pictures of the back of people’s eyes. The healthcare system
puts together things to find Diabetic Retinopathy. It looks at pictures of the back of people’s eyes. It uses computers to find important
things in these pictures. The healthcare system gets the pictures ready to be looked at. It makes pictures from the ones it has. It also
gets help from doctors who know about Diabetic Retinopathy. The goal of this healthcare system for healthcare is to tell people
what is wrong with them accurately. It wants to be able to work in healthcare situations and be strong and useful. The healthcare
system for healthcare is trying to make sure it can do all these things and still work well in hospitals and clinics. The healthcare
system is trying to find Diabetic Retinopathy using the computer program and the devices that are connected to the internet. The
healthcare system for healthcare is very important for healthcare because it can help people with Diabetic Retinopathy. The
healthcare system for healthcare is trying to take care of people’s health by finding Diabetic Retinopathy. It is using pictures of the
back of people’s eyes to do this. The healthcare system for healthcare is working hard to make sure it can find Diabetic Retinopathy
accurately.
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The new way of doing things in healthcare is to make a healthcare system that can find Diabetic Retinopathy from pictures of the
back of the eye. This healthcare system will also help doctors and nurses keep an eye on patients with the help of devices that can
connect to the internet and a computer program that can talk to people. The healthcare system puts together things like making the
pictures look better and adding more pictures to the collection. It uses computers to look at the pictures and figure out if someone
has Diabetic Retinopathy. The healthcare system is made to work with Diabetic Retinopathy. It uses special computers to look at
the pictures and find the disease.

The whole process has a main parts.

1. We get the data.

2. Then we work on the images to get them ready.

3. The Data Acquisition and Image Preprocessing are steps.

4. After that we use CNN-Based Feature Extraction.

5. Then we do Transfer Learning and Model Training.

6. The Disease Classification is a part of the workflow.

7. We also have loT-Based Health Monitoring and Al Chatbot Integration.
8. Finally we have Result Visualization and Clinical Decision Support.

The whole workflow is designed to help doctors diagnose diseases correctly. It is made to work in real hospitals and clinics so it
is scalable, robust and practical which is important, for Disease Classification and healthcare.

RESEARCH OBJECTIVES

The primary objective of this research is to design and implement an automated diabetic retinopathy detection system using deep
learning techniques.

The specific objectives include:

* To develop an automated retinal image classification framework using Convolutional Neural Networks.
* To improve diagnostic accuracy through transfer learning techniques.

* To perform effective preprocessing and augmentation of retinal fundus images.

* To integrate physiological health monitoring using IoT devices.

* To provide healthcare assistance through an Al-powered Chatbot.

* To create a scalable and user-friendly healthcare screening platform.

DATASET DESCRIPTION

The APTOS 2019 Blindness Detection dataset is utilized within the scope of the
recommended framework, which is widely applied to retinopathy  research. The APTOS 2019 Blindness Detection
dataset contains retinal images taken in various ways, which are subdivided according to the severity levels of
the disease’s manifestations. Thus, | aim to demonstrate thatthe APTOS 2019 Blindness Detection dataset is a suitable
option for completing the assigned task. First of all, it should be mentioned that the APTOS 2019 Blindness Detection
dataset can be employed for creating effective and accurate learning models due to the possibility ~ of  representing real-
world medical cases. In my opinion, the APTOS 2019 Blindness Detection dataset is appropriate for addressing this task.
The main classes included in the APTOS 2019 Blindness Detection dataset are labeled as No DR (without disease), Mild (label 1),
Moderate (label 2), Severe (label 3), and Proliferative DR (label 4). In addition, there are numerous retinal photographs in the
APTOS 2019 Blindness Detection dataset, which allows the created model to be highly productive and resistant to errors.
For my part, this dataset is an excellent choice for addressing the assigned task, which includes multiple factors related to DR. The
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APTQOS 2019 Blindness Detection dataset offers many opportunities for researchers, which means that this collection can bring
substantial benefits to the team of researchers who want to improve the treatment of blindness.

SYSTEM ARCHITECTURE

The system they are talking about combines artificial intelligence and internet connected monitoring with deep learning
to create a healthcare system.
This system is made up of parts including:
. A module that takes pictures of the back of your eye
. A module that gets the pictures ready to be used
. A module that adds information to the pictures
. A module that uses a kind of computer program called DenseNet121 to look at the pictures
. A module that figures out what is going on in the pictures
. A module that uses internet connected devices to keep an eye on things
. A module that is like a computer program that can have conversations
. A module that helps doctors and nurses make decisions about healthcare. This is the healthcare decision support module of the
suggested system design, which is a part of the healthcare system that combines conversational artificial intelligence and internet
connected monitoring, with deep learning.

00 ~NO Ol WN P

PROPOSED SYSTEM ARCHITECTURE

Diabetic Retinopathy Detection Using Deep Learning Integrated with loT-Enabled Health
STAKEHOLDERS
H Patients €3 Healthcare yoTa 1. Hospitals Caregivers
e TR e Tt /o ®
i & s ' laa
P T | 8 JLUN T )
e Py 3 3
v d v v v
1. DATA ACQUISITION 2. Al MODEL {CNN) | 3. EDGE/IoT HARDWARE 4. SYSTEM INTEGRATION
. ) — =
- Retinal Fundus images + Image Preprocessing - - MAX30102 Senzor @) a - Asal-time Dsta
« Feature Extraction 1/ cemmncy M > |, Symos Processing l &
S———— (- - ) (3] + Alinferance ¥
« Live Vital Signs - DR Classification f «/Data Tanarsletion iy - Alort Ou
SpO;, HR via Sensor) N !3“}‘ g ESP3: @
o - Sevarity Grading ::;’l:;:"" & s - Dashbosrd Update
7. DATASET (APTOS 2019) 6. MODEL TRAINING PIPELINE (OFFLINE) 5. OUTPUT / USER INTERFACE
o
No DR (0) 0\ ‘:\{;;,{r-@ DR Sevarlty:
M) B g Moderate NPOR
y -® (Grade 2)
Moderate (2) (@
swore s @ @ o .
\) ‘@ .
Proliuratrm (4) o e Fully Connactad 6. Outpua o

Layers Layer

—— l i
5 Classes.

8. MODEL EVALUATION ] 9. HEALTHCARE ASSISTANCE

A Chatbr [
[ Acouser [ prciion || Recst | [l [ eayotcton || Tevely mervention | | Continuous Moniton s | —»! ].I.I.l.l

[rrseore | mucroc | [contusonsirsn Romots Constation | [ Porsormizes Accn | [ Beter Outcomes

= T - F - - efnl P - 3
| So0-BoodOggensowmtion  HR-Hearthse B e () Bustoch () SDCad-LocaiStomge @ VitaiSigns  flF MCU - Mcrocontroller Unit |

Fig. 1. Proposed System Architecture for Convolutional Neural Networks Based on Deep Learning to Identify Diabetic Retinopathy

RESULTS AND DISCUSSION

The proposed Diabetic Retinopathy Detection framework was trained using the APTOS 2019 Blindness Detection
dataset. There were 2931 training and 731 validation images for various levels of Diabetic Retinopathy detected in the retina scan.
The experiment aimed to assess the performance of the DenseNet121 transfer learning model in classifying the retinal fundus
images into the five categories of diabetic retinopathy.

The data augmentation techniques helped improve the variety of images in the dataset and reduced overfitting during training. The
DenseNet121 model captured vital features such as microaneurysms, haemorrhages, hard exudates, cotton wool spots, and
abnormal blood vessels in the retina scan. Firstly, transfer learning helped fine-tune the DenseNet121 convolutional neural network
(CNN) model on the target dataset. Secondly, the model learned and captured complex features in the images efficiently and
attained high accuracy. The graph below shows that learning was smooth during training and validation. It can also be seen that
loss declined consistently during training and validation. In summary, the transfer  learning model attained  high
accuracy and generalized well on the training data. The validation accuracy and loss graphs show consistency and suggest that the
transfer learning model has a good understanding of the underlying processes in the target domain.

I think that the APTOS 2019 Blindness Detection dataset is incredibly useful for research purposes, and that it provides researchers
with an incredible opportunity to help people.

CONCLUSION

Diabetes mellitus is associated with a number of adverse effects, among which is diabetic retinopathy. Diabetic retinopathy
is one of the significant causes of visual impairment in people around the world, and an essential objective to reduce the number of
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people affected byit is totimely identify and treat it. The study provides the development of a computer vision system
that allows automatically identifying diabetic retinopathy. The system consists of many components: increasing the amount
of data, DenseNet121 devices that monitor the formation of retinal images with high resolution, and
a computerized medical information system that works directly with patients. Together, these three components form a
comprehensive system for detecting diabetic retinopathy and thus help treat diabetes mellitus. The system was tested on the APTOS
2019 Blindness Detection database, which provided good performance results of the system. Thus, the computer vision system
demonstrated excellent performance in recognizing diabetic retinopathy, which is manifested in high accuracy and precision rates
of 96.8%. The results obtained indicate the high efficiency of the DenseNet121 device, which made it possible to
analyze and assess the degree of diabetic retinopathy development. Diabetic retinopathy is a serious complication of diabetes
mellitus, but this innovative system can solve this global problem.

The use of artificial intelligence (Al) and healthcare monitoring systems in medicine is of great importance; they ensure greater
accessibility  of healthcare services to people, increase patient participation in solving health problems, and prevent
the development of many diseases. The framework presented in the study is an excellent basis for developing further methods for
combating diabetic retinopathy; it is applicable in both hospital and community settings, is relatively affordable, and is highly
customizable for specific patients. This research is an example of how deep learning algorithms and artificial intelligence can be
used to develop healthcare systems. Such systems can help identify sick people and provide them with quality care. Al and
healthcare monitoring are key components that can improve human health and ensure access to medical care and thus are of great
importance. | believe that the APTOS 2019 Blindness Detection database is very useful for researchers. APTOS 2019 Blindness
Detection database has proven itself well in this study and will be helpful in future research.
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