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a b s t r a c t
Diabetes and Cataract are the key causes of retinal blindness for millions of people. Current detection of diabetes and Cataract from retinal images using Fundus camera is expensive and inconvenient since such detection is not portable and requires specialists to perform an operation. This paper presents an innovative
development of a low cost Smartphone based intelligent system integrated with microscopic lens that allows patients in remote and isolated areas for regular eye examinations and disease diagnosis. This mobile
diagnosis system uses an artiﬁcial Neural Network algorithm to analyze the retinal images captured by the
microscopic lens to identify retinal disease conditions. The algorithm is ﬁrst of all trained with infected and
normal retinal images using a personal computer and then further developed into a mobile-based diagnosis
application for Android environments. The application is optimized by using the rooted method in order to
increase battery lifetime and processing capacity. A duty cycle method is also proposed to greatly improve
the energy efﬁciency of this retinal scan and diagnosis system in Smartphone environments. The proposed
mobile-based system is tested and veriﬁed using two well-known medical ophthalmology databases to
demonstrate its merits and capabilities. The evaluation results indicate that the system shows competitive
retinal disease detection accuracy rates (N 87%). It also offers early detection of retinal diseases and shows
great potential to be further developed to identify skin cancer.
© 2014 Elsevier B.V. All rights reserved.

1. Introduction
The increasing popularity of Smartphones with sensing capability is giving researchers the opportunity to design and develop mobile applications. Particularly, mobile technologies are creating new
values in healthcare domains. For instance, handheld devices and
Smartphones have been regarded as promising platforms to provide affordable solutions and scalable approaches to widespread
care, and ultimately better patient health outcomes due to their
mobility. With the new generation of mobile operating systems,
e.g. Windows Phone 7, iOS, and Android, there have been substantial increasing developments and adoptions of mobile applications
[1]. To date, more than 10,000 medical and healthcare applications
are dedicated to Smartphones and hundreds of other handheld devices [2]. Since mobile technology has enabled the practice of care
anywhere possible in medical ﬁelds, such as for patient monitoring,
it is becoming a reality that it is no longer the case that a doctor
must be physically present to monitor patients, or obtain their biological data.
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However, comparing with other mobile-based intelligent health
monitoring systems, there are limited developments focusing on retinal
disease related detection. Moreover, research showed that diabetes and
Cataract are the key retinal diseases that cause retinal blindness. Especially, the number of diabetic patients aged 64+ will be over 82 million
in developing countries by 2022 and nearly 40 million people mostly
living in remote areas in developed countries will become blind due to
Cataract (http://www.who.int/blindness/en/). Fig. 1 also shows some
examples of healthy and infected retinal images respectively for diabetes and Cataract conditions.
Therefore, this paper is motivated by the above medical research
and focuses on the development of an intelligent mobile-based automatic diagnosis facility to identify retinal diseases. It employs a feed
forward Neural Network (NN) to analyze patients' retinal images
and perform disease diagnosis. The Neural Network is initially
trained with healthy and infected retinal images on a personal computer and then embedded in an Android environment. An energy efﬁcient algorithm based on the duty cycle technique is also proposed
to optimize the power consumption of this retinal disease diagnosis
system in Smartphone environments. After retinal images are captured by the microscopic lens attached with the Smartphone, a series
of Android's image processing APIs are also employed to analyze the
raw images. The selection of an optimal number of hidden neurons
for the Neural Network implementation is also carried out. We also
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Fig. 1. Healthy and infected retinal images that cause blindness.

present experiments using 260 retinal images extracted from two
well-known medical retinal image databases (DIARETDB0 and
STARE databases) to evaluate the system's efﬁciency. The
DIARETDB0 image database is especially built to support the development of benchmark diabetic retinopathy detection methods. The
STARE database includes healthy and infectious retinal images with
various medical causes e.g. diabetes, Cataract and Drusen. In our application, we especially focus on the detection of retinal problems
caused solely by diabetes and Cataract. The algorithm is implemented, tested and veriﬁed for both rooted and unrooted operating environments of the Smartphone to demonstrate its merits and
capabilities for optimal solutions.
Finally, the proposed intelligent mobile-based scheme allows
Smartphone users to get access to low cost regular eye examination
and disease diagnosis without the need of any specialists at anytime
and anywhere.
The paper is organized in the following way. Section 2 discusses
related work. The mobile-based retinal disease diagnosis system is
presented in Section 3 including discussions of the methodology
and the implementation of the core functionality of the system. Details of the evaluation of the system are presented in Section 4. Finally, Section 5 summarizes and concludes the contribution of our
research.
2. Related work
In this section, we discuss related decision support systems for
healthcare and medical computer-aided diagnosis based on PCs and
Smartphones. Since optimization plays a crucial role for mobile-based
applications, various optimization strategies are also explored and
discussed.
2.1. Desktop-based diagnosis applications
Several computing techniques have been proposed in the literature
for the detection of eye abnormalities and retinal diseases. Wang et al.
[3] applied a Bayesian classiﬁer based on color features to detect eye diseases. They used a complex algorithm that combined a brightness adjustment method with both statistical classiﬁcation and a localwindow-based veriﬁcation strategy. Their system achieved reasonable
accuracy rates but it needed a high processing capacity. Region growing
techniques on gray level images were described in [4] for the diagnosis
of eye abnormalities. The idea was based on a supervised method for
blood vessel detection in retinal images. It used a Neural Network
scheme for pixel classiﬁcation and computed a 7-D vector composed
of gray-level and moment invariants-based features for pixel representation. As compared with other existing solutions in literature, this
method was simple and easy to implement but it required comparatively more complex tools and resources.

Data mining techniques and decision support systems have been
also employed for the detection of eye abnormality. For example,
Jegelevicius and Lukosevicius [5] used a decision support algorithm for
the differential diagnosis of intraocular tumors using parameters from
eye images. Dua et al. [6] have also proposed a retinal blood vessel monitoring algorithm which was able to provide information on retinal vessel that can be calibrated to normal expected blood vessel diameters. It
was also used to detect microvascular anomalies to aid the early detection of diabetic retinopathy. Another integrated analyzer has been presented by Cree et al. [7]. The system described, quantiﬁed and
monitored the presence of microaneurysms in retinal ﬂuorescein angiograms. Moreover, a multi-layer Neural Network for the detection of lesions in gray scale retinal images was discussed in [8]. However, this
Neural Network based system had not been properly evaluated using
a larger dimension of input vectors. Abnormality classiﬁcations using
perception learning have also been proposed in [9]. This work also described the use of a multi-layer Neural Network to distinguish eye diseases. The analysis was based on the selection of an optimal number
of hidden neurons and it explored principal component analysis for feature optimization.

2.2. Mobile-based diagnosis systems
The development of intelligent mobile-based healthcare systems
(i.e. mHealth) has become a rising research topic recently, since
mHealth applications with the advancements in mobile technologies
are able to provide efﬁcient solutions for health monitoring. Especially,
some systems also included pervasive wearable monitoring devices
[10]. For example, a mobile health monitoring system including a ring
sensor for blood oxygen saturation level monitoring was described in
[11,12]. A Smartphone based health data acquisition system was also
discussed in [13]. Their work generally proposed a low cost mobilebased solution and used a mobile device's Bluetooth to transfer patients'
physiological data collected using medical devices to a temporary storage. Remote heart monitoring for elderly people using cellular wireless
networks is discussed in [14]. Their system monitored elderly people's
health condition through a network of wireless sensors and used this information to recommend personalized treatment plans to doctors. Another approach for ECG data compression for a mobile tele-cardiology
model is described in [15]. This system employed a signiﬁcant compression ratio and showed reduction in transmission time over GSM
network.
Moreover, there has been substantial development of mobile
technologies on a number of medical fronts. For example, the development of modern Smartphone hardware technologies has provided
impetus on mobile adaptation to many health services. For instance,
Zhu et al. [16] proposed a prototype system that used a mobile device with a built-in camera, wireless network connectivity and intelligent image analysis algorithms to estimate the calorie intake.

