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Abstract—Glaucoma, which is known as the "Sneak thief 
of sight", is chronic and gradually weakens vision in the 
unknowing patient. There are no obvious 
symptoms during early stage of glaucoma, at which time 
it can only be diagnosed by regular eye diagnosis. Early 
detection of glaucoma associated with timely treatment 
has been shown to prevent blindness and visual loss. 
Quite recently, considerable attention has been paid to 
the combination between automatic glaucoma screening 
and hybrid cloud technology. This paper presents a 
platform which provides automatic glaucoma screening 
service based on hybrid cloud framework. A novel 
pattern classification technique was proposed for cup to 
disc ratio (CDR) assessment using 2-D retinal fundus 
images and it uses the reconstruction coefficients from 
SDC to compute the CDR. The proposed technique is 
used in the glaucoma screening diagnosis module of the 
remote hybrid cloud system. The scalability and 
flexibility of hybrid cloud framework enable the platform 
to work as moving connectivity between patients and 
ophthalmologists. The system enables the patients to get 
remote diagnostics from distance with low-cost and 
blindness and visual loss can be prevented through early 
detection and timely management. 
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I.  INTRODUCTION  
Glaucoma is asymptomatic ocular disease which results in 
optic eye nerve damage and may lead to irreversible 
blindness. However most often, glaucoma progresses with no 
symptoms and that is why regular eye screenings and early 
detection are important. Sudden and severe pain in the eyes 
can be signs of glaucoma. Long term inappropriately high 
eye pressures can cause damage to the optic nerve. Vision 
loss from glaucoma is not reversible with treatment, even 
with surgery. However, it is avoidable if it is diagnosed early 
and effective treatment is provided.   

For several years, great effort has been devoted to the study 
of early detection of glaucoma. Techniques to solve issue 
include optic nerve head (ONH) assessment, tonometer 
intraocular pressure (IOP) and visual field test. By measuring 
the fluid pressure inside the eye, IOP is an effective way to 
evaluate patients at risk from glaucoma. Air-puff IOP 
measurement was invented by Bernard Grolman of Reichert. 
It uses a rapid air pulse to flatten the cornea. The accuracy of 
non-contact tonometer need to be approved, but it is a 
convenient and simple way to screen for high IOP. ONH 
assessment plays a vital role in glaucoma screening. Over the 
last decade, the numbers of automated algorithms for ONH 
assessment has dramatically increased all over the world, 
especially in the research area of automated CDR assessment 
using 3-D images such as stereo images [1] and optical 
coherence tomography images (OCT) [2]–[4]. Despite of the 
development of 3-D image assessment, the cost of diagnosis 
is still high. Accordingly, reducing the cost of CDR 
assessment is one of the mayor concerns of researchers and 
industries in recent years. The 2-D retinal fundus image is 
widely used because of its lower cost and is widely used in 
hospitals, eye centers and polyclinics. 
 
CDR is computed as the ratio of the vertical cup diameter to 
the vertical disc diameter. It is a criterion of the risk of 
glaucoma and it is used in ophthalmology and optometry to 
assess the progression of 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 retinal fundus 
images.  
 

 
 

Fig. 1.Sample tructure of a 2-D retinal fundus image 



In a recent paper by Yin et al. [5], an active shape model 
(ASM)-based method is proposed, which considers contour 
deformation and prior knowledge. A key limitation of this 
research is that it needs the high-contrast edges of the rim 
and cup. When the contrast is weak, the detection will be 
influenced. In a recent paper by Xu et al. [6], an atlas-based 
method for poetic cup detection from the ocular  discs is 
proposed. Locality-constrained linear coding (LLC) [7] was 
used to re-calculate the CDR values. This method can 
effectively correct the CDR deviation. Nevertheless, there 
are still some problems to be addressed. The l2-norm 
Gaussian distance can be influenced by some kind of noise 
such as blood vessels (BV) occlusion [8]. Another solution is 
described by Cheng et al. [8], which take advantage of the 
features from superpixel level. This approach may not be 
practical in all situations. It sometimes has deviation to 
enlarge the small cups and underestimate the large cups.  
 
The development of hybrid cloud environments plays an 
important role in transforming the entire computing industry 
and will bring great impact on human life. Hybrid cloud 
gives patients and ophthalmologists greater flexibility and 
more diagnosis options. The market for hybrid cloud 
platform in healthcare is growing steadily. It has the potential 
to not only keep patients safe and healthy, but to improve 
how physicians deliver care as well. Automatic glaucoma 
screening hybrid cloud system can also boost patient 
engagement and satisfaction by allowing patients to spend 
more time interacting with their doctors. 
 
In this paper, we propose an automatic glaucoma screening 
system based on hybrid cloud framework. A novel SDC 
approach is used to segment and reconstruct the optic disc in 
the automatic glaucoma screening module. The sparsity 
constraint and dis-similarity constraint are considered. The 
approach also uses the reconstruction coefficients from SDC 
to compute the CDR. The rest of this paper is organized as 
follows. Section II introduces the overview of the concepts. 
Section III introduces the SDC method for CDR assessment 
which is used in the automatic glaucoma screening module. 
Section IV describes the system architecture and 
implementation. Section V discusses about the whole 
system. Section VI concludes the paper. 
 

 
 

Fig. 2.Architecture of the automatic glaucoma screening hybrid cloud 
system 

 
 

II. OVERVIEW OF CONCEPTS 
Glaucoma is a condition where the optic nerve is damaged as 
a result of raised eye pressure. This internal pressure is 
generated by the imbalance between the drainage and 
production of fluid within the eyeball.  Finding a proper 
solution to provide a low-cost population-based glaucoma 
screening and detection is a considerable challenge. In This 
paper, we introduce a cloud-based framework that provide 
the glaucoma screening and monitoring services using a 
method for CDR assessment which is based on 2-D retinal 
fundus images. The cloud-based framework makes patients, 
ophthalmologists, glaucoma screening algorithm and 
diagnostic device a whole system.  
 
There are 2 groups of glaucoma. Primary glaucoma is 
classified as primary open angle glaucoma (POAG) and 
primary angle closure glaucoma according to the anatomy of 
the outflow facility.  POAG is a subset of the glaucoma 
defined by an open, normal appearing anterior chamber 
angle and raised IOP, with no other underlying disease. 
Angle closure glaucoma is a major cause of blindness 
worldwide, which is associated with increasing age and 
hyperopia.  
 
Retinal fundus image plays an important role in the diagnosis 
of retinal related diseases. Fig. 1 shows a sample structure of 
a 2-D retinal fundus image. Many important eye diseases as 
well as systemic diseases manifest themselves in the retina. 
Ocular fundus image involves capturing a photograph of the 
back of the eye. Specialized fundus cameras that consist of 
an intricate microscope attached to a flash enabled camera 
are used in fundus photography. The detailed information of 
the retinal fundus image such as microaneurysms, exudates 
and small vessels may be in low contrast, and enhancement 
method usually gives help to analyze diseases related to 
retinal fundus image.  

 
Fig. 3.Sample risk analysis report for glaucoma 



 
Fig. 4.The workflow of inbound data transfer 

 

III. SPARSE DISSIMILARITY-CONSTRAINED CODING  
The disadvantages of manual assessment include its 
subjectivity, high-expense and time-consuming. Over the 
past decade, there has been a dramatic increase in the 
development of automated methods for CDR assessment 
using 3-D data from OCT and stereo fundus photography. 
Despite of the development of 3-D image assessment, the 
cost of diagnosis is still high. Accordingly, reducing the cost 
of CDR assessment is one of the mayor concerns of 
researchers and industries in recent years. The 2-D retinal 
fundus image got more attention because of its lower cost 
and is widely used in hospitals, eye centers and polyclinics. 
 
Recently, Xu et al. proposed a reconstruction method for cup 
estimation from the optic discs [6]. The method considers 
LLC with l2-norm Gaussian distance regularization as one 
factor to reconstruct the disc from a set of known CDRs. 
Then it recalculates the CDR based on the coefficients. It 
reduces the CDR errors, but the l2-norm Gaussian distance 
suffers from the blood vessels (BV) occlusion and other 
noise, which lead to a bias similar to the superpixel-based 
method [8]. 
 
We propose the automated CDR assessment scheme based 
on 2-D fundus image that overcomes the problems [9]. In the 
proposed method, a set of images with labeled CDR data is 
used as the reference data to generate the sparsity and 
dissimilarity constraints, which are used during optic disc 
segmentation and reconstruction. 

 
Fig. 5.The workflow of outbound data transfer 

 
After that, the CDR was re-computed by the reconstruction 
coefficients from the SDC. Because the change of intensity 
within the disc effects the calculation of CDR, the surface 
fitting within the disc image is involved in the dissimilarity 
re-construction. The CDR assessment accuracy is evaluated 
using the following criteria: 1) CDR error.2) The correlation 
with manual CDR. The Pearson’s correlation coefficient 
which measures the linear correlation between the automated 
CDRs and the manual CDRs is computed.3) The glaucoma 
detection accuracy. 

IV. SYSTEM  ARCHITECTURE AND IMPLEMENTATION 

A. Architecurre Overview 
Fig. 2 illustrates the automatic glaucoma screening hybrid 
cloud system architecture. The system consists of public 
cloud tiers which works as the interface to patients and 
doctors, transaction zone which works as the bridge between 
extranet and intranet, private cloud which includes the user 
database and core algorithm engine of the glaucoma 
screening method.  
 
The typical workflow is depicted as follows. 
 

1. The patient retinal fundus images can be captured 
by ophthalmologists from clinic or optical shop. 

2.  The personal image data will be uploaded to the 
public cloud through multiple channels including 
web portals, mobile applications and other remote 
devices. 

3. The glaucoma screening Web services in the public 
cloud receive and save the data to the cloud storage. 

4. The glaucoma screening Web services analyze the 
retinal fundus image data using advanced pattern 
classification algorithms. 

5. An analysis report will be sent to the public tier so 
that patients can access their own report through 
mobile applications or web portals. Fig. 3 shows a 
sample record for glaucoma risk analysis. 

6. Patients with high risk of having ocular diseases 
will be referred to ophthalmologists. 

 Fig. 4 and Fig. 5 illustrate the work flows of the system. 
 

B. Public Cloud Tier 
As more and more IT systems are externalized, how to 
design the public cloud module has become critical to long-
term success. Public cloud module acts as the main interface 
with the users includes patients and ophthalmologists. In the 
automatic glaucoma screening hybrid cloud system, the iOS 
and Android App versions of the app are designed and 
developed to work as the interface with the users. The user 
interface includes three roles: patients, doctors and 
administrator. The patient module allows the users to register 
patient personal information and uploading rental fundus 



images to the fundus screening system. The doctor module 
enables the ophthalmologists to fetch the diagnosis report of 
the patient and give treatment advice to different case. The 
administrator modules take the charge of managing the 
authority of patients and ophthalmologists. 
 

C.   Data Exchange 
The automatic glaucoma screening hybrid cloud system uses 
JavaScript Object Notation (JSON) as its data exchange 
format. It is an open-standard format that uses human-
readable text to transmit data objects consisting of attribute–
value pairs and array data types [10] and it is a lightweight 
format for transmitting sets of data across network 
connections which is more compact than XML. JSON has 
received widespread usage in the hybrid cloud platform. It 
consists of a collection of name/value pair and an ordered list 
of values.  The collection of name is serialized as an object, 
record, dictionary, hash table, keyed list, or associative array 
and the ordered list of values is serialized as an array, vector, 
list, or sequence. 

 

D. Flexibity and Scalabitily of Hbrid Cloud Framework 
The flexibility and scalability of public cloud reduce the 
extra cost for the sudden spike during rush-hours. The 
hospital only pays for the resources it consumes and the 
maintenance fee of the hardware device is reduced. Another 
reason to use hybrid cloud   is that it can provide big data 
processing. The hospital can use hybrid cloud storage to 
retain its accumulated patient’s data, and then run analytical 
queries in the public cloud, which can scale to support 
demanding distributed computing tasks. The challenge of 
hybrid cloud is that solid and compatible network 
connectivity is required to allow the workloads transferred 
from private cloud to public cloud. Hybrid cloud gives 
patients and ophthalmologists greater flexibility and more 
diagnosis options. The application of automatic glaucoma 
screening model runs in private cloud, but use AWS to 
access additional computing resources from a public cloud. 
To connect private and public cloud resources, a third-part 
transaction zone works as a bridge between intranet and 
extranet. Fig. 6 shows the web model of the automatic 
glaucoma screening hybrid cloud system. 

 
Fig. 6.Model of automatic glaucoma screening hybrid system 

V. DISCUSSIONS    
This paper is a modest contribution to the ongoing 
discussions about the approach for the automatic glaucoma 
screening program based on hybrid cloud framework. 
Particular attention is paid to remote ocular diseases 
diagnosis system. Glaucoma is a main ocular disease which 
can cause blindness and it is chronic and gradually weakens 
vision in the unknowing patient. Our paper presents an 
innovative framework of remote glaucoma screening. The 
SDC method used in the system is an effective way to 
improve the accuracy and efficiency with manual CDR 
assessment by professional. It can automatically process the 
images within several minutes. The implement of the 
algorithm makes the low-cost glaucoma screening possible. 
The cost of manpower is reduced and there is no need for 
high-end device. The patient can easily get the diagnosis and 
report from portable device. Moreover, the subjectivity of 
manual CDR assessment is an unstable factor which will 
increase the errors.  The strength of the automatic glaucoma 
screening hybrid cloud system is that the patients and 
ophthalmologists can access the glaucoma screening module 
from anywhere via Internet connection. The limitation of the 
SDC method is that the 2-D retinal image loses the depth 
information which includes the three-dimensional 
morphological structures of cup and disc.  
 

VI. CONCLUSION 
From the research that has been carried out, it is possible to 
conclude that the automatic glaucoma screening hybrid cloud 
system is a cost-effective and efficient platform which uses 
sparse dissimilarity-constrained coding for glaucoma 
screening approach. The accuracy of glaucoma detection and 
CDR computation are comparable with manual glaucoma 
assessment by professional. This cloud-based service 
platform provides a relatively low-cost and convenient early 
detection to the patients. Patients can communicate with 
ophthalmologists without the location limitation. It is a 
possibility to achieve the global medical resource integration. 
We plan to include other information for a more 
comprehensive assessment of glaucoma, which will lead to 
improved detection outcomes with potential for mass 
screening. 
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