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Abstract—The maturity of healthcare IoT technology which 
connects medical devices and applications to healthcare IT 
systems through internet has driven the rapid growth of 
healthcare. In recent years, great effort has been spent to 
improve ocular disease screening and diagnosis using advanced 
image and data analysis techniques. However, the developed 
systems are not widely used because they are usually offline and 
separated from medical devices. In this paper, we introduce a 
platform that connects medical devices, patients, 
ophthalmologists, and intelligent ocular disease analysis systems 
through a cloud-based system. The platform is designed in a 
hybrid cloud pattern to offer both easy accessibility and 
enhanced security. The retinal fundus images and patients’ 
personal data can be uploaded to the public cloud tier through 
multiple channels including retinal fundus cameras, web portals, 
mobile applications and APIs. The data will be transferred to the 
private cloud tier where automatic analysis and assessment will 
be performed using advanced pattern classification algorithms. 
Subsequently, the analysis report will be made available in the 
public tier so that patients can access their own report through 
mobile applications or web portals. Furthermore, patients with 
high risk of having ocular diseases will be referred to 
ophthalmologists. The platform helps to form an integrated 
ecosystem that enables an efficient and cost-effective way of 
ocular disease screening and monitoring, allowing early disease 
detection and intervention.         

Keywords—Internet of Things, healthcare, ocular diseases, 
disease screening, computer aided diagnosis, cloud computing 

 

I. INTRODUCTION 

With the ageing of global population, ocular diseases affect 
more and more people. According to the World Health 
Organization (WHO), more than 285 million people globally 
are visually impaired due to eye diseases out of which 246 
million of whom have low vision and 39 million are blind [1]. 
Glaucoma, age-related macular degeneration (AMD), 
pathological myopia and diabetic retinopathy are among the 
top causes of vision loss and blindness. The treatment of these 
diseases is extremely expensive.  

Currently, ocular diseases are detected only when a person 
experiences symptoms such as pain or blurred vision. 
However, patients with irreversible diseases such as glaucoma 
have no symptoms until late stages. Hence, early detection and 
timely intervention is the only way to prevent visual 

impairment or blindness. Thus there is a need for a population 
wide screening tool that is reliable, convenient to administer 
and fast enough to screen a large volume of users. 

Retinal fundus image has been used for years to identify 
risk landmarks for a variety of ophthalmologic conditions. Fig. 
1 shows the appearance of the fundus images for patients with 
different eye conditions including glaucoma, AMD, 
pathological myopia and diabetic retinopathy. Over the past 
two decades, development in retinal image processing and 
pattern classification technologies has greatly influenced the 
diagnosis of many ocular diseases. A lot of effort has been 
spent to develop Computer Aided Diagnosis (CAD) systems to 
help ophthalmologists in both early screening and diagnosis.  

Automatic glaucoma analysis from retinal fundus images 
has been well studied in the past few years. Most of the work 
aims to calculate the vertical cup-to-disc ratio (CDR), which is 
a widely used risk factor to assess glaucoma.  Progression of 
glaucoma leads to more damaged optic nerves, which 
corresponds to higher vertical CDR values. Several methods 
are proposed to segment the optic disc and optic cup from 
fundus images, and calculate the vertical CDR based on the 
segmentation results [2, 3, 4]. The advantage of these methods 
is that they are directly extracting retinal components that are 
clinically relevant to glaucoma. However, the disadvantage is 
that the inaccuracy of different segmentations can be cascaded 
and hence reduces the final accuracy of calculated CDR. Other 
methods try to predict the CDR value using linear 
reconstruction based methods [5, 6]. These methods overcome 
the shortcomings of segmentation-based methods, and thus 
achieve better performance. The latest development on 
glaucoma screening is based on deep learning method [10]. It 
achieves high accuracy but takes longer to process.   

AMD is characterized by central vision loss. Early AMD is 
usually accompanied with drusen, which is deposit of waste 
material near the fovea. Several methods have been proposed 
to detect drusen from fundus images for AMD assessment. In 
11, 12], segmentation methods are used to extract drusen from 
fundus images. In [13, 14], a multi-level analysis approach is 
used to detect drusen. A further classification of different types 
of lesion is also performed in [14]. The most recent works 
focus on top-down approaches to detect images with drusen 
rather than drusen segmentation [15, 16]. 
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