









Chapter 1



[bookmark: _Toc182697301]1. Introduction
[bookmark: _Toc182697302]1.1 General Overview 
Diabetic Retinopathy is one type of complication in diabetes that can impair blood vessels of the retina, causing visual loss up to legal blindness if appropriate treatment is not sought. Diabetes mellitus continues to rise worldwide, and DR is now the primary cause of blindness among people of all ages in many countries (Huang et al., 2022). DR can be divided into clinical classifications and five stages: non-proliferative, pre-proliferative Mackellar, pre-proliferative new vessels, early analytical, and severe proliferative DR. The last stage is the most serious, as it can result in permanent vision loss. It is a progressive disease that can take many years from the asymptomatic phase to reach stage 4, and that is why consolidation and early diagnosis are essential in the management of the disease.
Over the past few years, AI intense learning has received vast interest in applying it to healthcare because of its tremendous impact on disease diagnosis. Current advanced deep learning models also demonstrated a high capability of diagnosing medical images and identifying and predicting the pattern, which performs equally to or even better than human experts (Bellemo et al., 2019). In the case of retinal diseases, these models subject retinal fundus images to extract features suggestive of DR. CNN is a sort of deep learning technique and has been used effectively in many medical image analyses because the model can handle datasets of massive size with a high possibility of identifying more complicated features from images (Voets et al., 2019). This makes them suitable for DR screening, where even minor variations in the appearance of retinal images may be crucial for diagnosis.

[bookmark: _Toc182697303]1.2 Importance of Early Detection in Diabetic Retinopathy 
It is recommended that cases of DR should be identified as soon as possible because the condition is an aggressive one that may lead to severe vision loss, but its progression can be stopped or slowed. Some analyses revealed that patients who undergo laser treatment, anti-vascular endothelial growth factor labels, and dietary modifications can minimize the chance of blindness among people with diabetes (Gulshan et al., 2016). However, conventional screening techniques are time-consuming, and qualified Ophthalmologists do much work to diagnose images from the retina. This application may take a long time, is costly, and has low coverage, especially in distinctive regions.
AI-based screening systems must be employed to address this challenge because they are accurate, automatic, and scalable. Because DR can be in the very early stages, its diagnosis can be challenging; however, deep learning algorithms used in AI have high specificity and sensitivity in detecting DR at different stages (Ishtiaq et al., 2020). These systems increase the ability to do the screening and lessen the workload of healthcare professionals, making DR screening more feasible. Since AI models enable quicker diagnosis, the mortality rate in diabetic retinopathy can be defeated, and the global impact of the disease’s blindness may be minimized (Lakshminarayanan et al., 2021).

[bookmark: _Toc182697304]1.3 Background
[bookmark: _Toc182697305]1.3.1 Overview of the Diabetic Retinopathy
DR is one of the clinical diabetes complications that develops because of prolonged high blood sugar levels affecting the retina blood vessels. The illness is also amongst the most frequent contributors to the loss of vision among persons living with diabetes and one of the significant contributors to blindness globally. The progression of DR is classified into stages: paraphernalia of NPDR and PDR and classified as mild NPDR, moderate NPDR, severe NPDR, and PDR (Tymchenko et al., 2020).
At the initial stages of mild and moderate NPDR, new lesions such as micro-aneurysms and retinal hemorrhage develop without producing symptoms in the patient. DR continues to the severe NPDR, where the tendency of developing vision-threatening complications such as macular edema and neovascularization is not negligible. In the last phase, PDR, new abnormal blood vessels develop on the retina that, if left untreated, can lead to severe vision loss or even blindness (Tymchenko et al., 2020).
Manual assessment of DR is still the most common approach and encompasses fundoscopic examination, OCT or fundus photography, and slit-lamp Biomicroscopy. Despite their efficiency, these methods can only be implemented over time and are highly technical in their process, thus not easily executable in low-resource settings (Sebastian et al., 2023). Further, it is labor-intensive in that different specialists will interpret images in different manners, yielding inconsistent results in grading. Therefore, further development of more automated, accurate, and rapid approaches for DR detection is heavily demanded.
[bookmark: _Toc182697306]1.3.2 Emergence of AI in Medical Imaging
Deep learning is a subgroup of artificial intelligence that has immensely boosted the medical imaging industry. In particular, convolutional neural networks (CNNs) are some of the best deep learning models, and they have shown high results when dealing with and analyzing medical images. Therefore, CNNs developed to learn hierarchical features, possibly from images, have become the backbone for AI-based medical diagnostic systems. Such models can identify features that are difficult for an expert to define, which makes DR identification for retinal images using these models effective (Sánchez-Gutiérrez et al., 2022).
In this work, deep learning algorithms for detecting DR involve training image models drawn from an extensive database of fundus images for DR classification and grading. These algorithms, for instance, CNNs, have been phenomenal in differentiating various DR stages, detecting and even proposing the existence of retinal lesions and disease progression, as shown in (Voets et al., 2019). This automated approach enhances the accuracy of diagnosis and lowers the reliance on experts, thereby increasing the screening rate.

[bookmark: _Toc182697307]1.4 Importance of the Study
At the current rate, over 552 million people are expected to have Diabetes by 2030 across the world. Thus, DR (Diabetic Retinopathy), which is a complication of Diabetes, has received great concern in public health issues. Identifying DR in its early stage is crucial in minimizing the extent of vision impairment. However, the current screening modalities are expensive and tiresome and need optometrists' services, making them ideal for underdeveloped regions. This has led to a more pressing need for efficient, accurate, and scalable screening solutions (Grzybowski et al., 2019).
DR screening is challenging, time-consuming, and expensive; however, with recent advances in deep learning AI, the problem can be solved using technology. Different algorithms assume the significance of artificial intelligence in screening retinal images, which may drastically decrease the necessity of medical professionals interpreting such images. This minimizes cost and availability and access to DRs as a significant breakthrough in areas lacking infrastructure (Bilal et al., 2022).  Nevertheless, the existing DR detection frameworks of the current generation are still known to have issues relating to precision, interface, and practicality. Some models must be tested in clinical practice to improve their accuracy in various populations. Moreover, the proper incorporation of AI tools into healthcare environments continues to be an issue, which points to the need for advanced intelligent systems to increase screening effectiveness (Pareja-Ríos et al., 2022).

[bookmark: _Toc182697308]1.5 Research Problem
The core research question is how to create an AI-based system for DR identification that would be at least as effective as an expert ophthalmologist. Therefore, any such system should be able to accurately detect the levels of DR in its different forms and be quite adaptable to the operational settings in healthcare facilities. Recent results in the research on AI-based DR detection have been impressive. However, assuring predictable AI-based DR detection over various datasets and application conditions is a significant issue. Thus, the primary purpose is to make AI-based detection reliable, fast, and capable of increasing the capacity to screen diabetic eye to accommodate global demand (Lakshminarayanan et al., 2021).  Several issues should be solved when AI models are to be used in clinical practice, including varying quality of the images, variations of the retinal characteristics in the population, and model stability in different conditions. The final is model validation, as AI systems need to be checked for validity to reduce the percentage of errors. Also, continuously integrating the system into existing clinical work environments by healthcare providers is crucial to sustaining their use through developing highly interface solutions with few infrastructural requirements and meeting local laws (Khalifa et al., 2019).

[bookmark: _Toc182697309]1.6 Objectives
The primary objectives of this project are:
1. To train a deep learning system with the ability to diagnose DR with less or equal error rate to that of a human ophthalmologist.
1. To create the end product of the AI system is easy to incorporate into the organizational structure of healthcare organizations.
1. To perform experimental clinical testing of the system with a view of providing empirical evidence that supports the system.
1. To introduce the expansion of the system for the identification of other retinal diseases.

Specific aims include:
1. Gather a large number of labelled retinal images of patients at different levels of DR to use in generation of the model.
1. Build a CNN model in early diagnosis of diabetic retinopathy.
1. Candidate thus recommends data augmentation and transfer learning actions should be used to enhance model performance.
1. Develop an AI system for diagnostics that could provide the explanation for their decisions.
1. A method for objective comparison of AI system with human experts is to conduct a clinical validation of the system.
1.  Design for web access with the help of a web-based interface for its integration into the clinical practice.

















