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WiFi-Med: Implementation of a Ubiquitous Health 

Monitoring System on an Android Platform

by 

Nabil Qamar, MSE 

The University of Texas at Austin, 2011 

Supervisor: Dewayne Perry 

Recent technological advances in biosensors, wireless networking, and mobile 

computing have enabled the design of systems which are capable of autonomously 

monitoring various vital signs and providing personalized feedback (e.g. alerts, 

alarms, and triggers) for the user in real-time.  As technology advances, there is no 

doubt that quality of life will improve for patients and the medical world alike. 

This thesis describes WiFi-Med, a client side, mobile application built on the 
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Android platform. Our project is designed to enable a mobile device user to 

aggregate and monitor physiological data through wireless biosensors. Currently, 

our focus is to develop and improve an Android application by using simulated 

physiological data. Once perfected, WiFi-Med application can be easily integrated 

with a body sensor network. 

 First, we present the motivation behind WiFi-Med through real life user 

scenarios, followed by an introduction to the Android platform architecture. Next, 

we describe application design and architecture, implementation model and test 

strategy. Finally, we conclude with a discussion of future development ideas and 

present our thoughts on prospects of collaborating WiFi-Med and biosensors in 

ubiquitous computing environments. 
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Chapter 1 

Introduction 

 

Imagine that a continuous set of data about your vital signs is easily available 

to your family doctor sitting hundreds of miles away without the need for a visit. Not 

only can a physician analyze this data but can also consult with you about any further 

precautionary steps without you spending any additional money on lab visits. For 

some chronic conditions, continuous monitoring is required which might not be 

feasible in certain circumstances (frequent visits to hospitals). 

All of this can be achieved ubiquitously by using several biosensors attached 

to the human body. These sensors form an ad hoc network referred to as the Body 

Area Network (BAN), or the Body Sensor Network (BSN). Since we have become 

accustomed to using numerous devices and gadgets on a daily basis, wearing a few 

miniaturized health-monitoring devices should not be cumbersome. 

A great deal of advancement has already been done in mobile computing and 

embedded computer technologies. Such advancements have spurred various mobile 

ad hoc network (MANET) protocols [1] which are heavily applicable in domains of 
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Wireless Sensor Networks (WSN). Implementation of a WSN for health monitoring, 

or more specifically a BSN, is closer to realization these days especially when coupled 

with miniaturized embedded systems and sophisticated smart-phones.  

Miniaturization of embedded computing technology has led to the production 

of many biosensor devices. Not only are these devices portable enough to wear on a 

daily basis but they also yield the same results as their decade old counterparts. For 

example, traditional ECG monitoring devices like Holter monitor [2] require multiple 

probes across your chest. However, state-of-the-art wireless ECG monitoring 

devices, like iRythym Zio Patch [3] and Corventis PiiX [4], can also provide an 

accurate assessment without needing multiple leads and extra carry-on adapters. 

PiiX not only measures heart rhythms, but also body temperature and several other 

physiological metrics.  

Many of us are familiar with Nike+ running shoes and iPod implementation 

[5]; quite a few of us have already begun using it. This implementation records the 

distance and pace of a runner. Such data can be gathered to draw useful conclusions 

about cardio workouts. This chip also has a built in accelerometer. However, modern 

smartphones already come equipped with accelerometers and GPS chips. 

An accelerometer chip can also be used for measuring the posture of a human 

body. This can be proved beneficial for people trying to work on their posture, or 

even for patients recovering from recent hip treatment, spinal cord injury or an 

implant surgery.  
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Since we spend about one-third of our lives sleeping, it would be beneficial to 

monitor such an important aspect of life quantitatively. Different sleep cycles, like 

Rapid eye movement (REM) or Deep sleep, can be monitored and recorded on your 

smartphone using devices like Zeo  [6].Such continuous and non-tedious monitoring 

of sleep can prove to be blissful for patients suffering from insomnia. 

According to a recent article in PCMAG [7], 28% of the phones in the US are 

smartphones and this number is increasing every quarter. Not only are such 

cellphones capable of operating on bandwidth enriched 3G networks, but also have 

extensive built in support for Wi-Fi [8] and Bluetooth [9] to allow cross-device 

communication.  

This thesis focuses on a mobile application on an Android platform that 

demonstrates how to monitor aggregated health data using a smartphone. We 

personally like the Android platform for two reasons. Firstly, it is an open source, 

which means it is more resourceful in terms of helping the community. Secondly, 

there are less to none restrictions on using the wireless channels, like Bluetooth and 

Wi-Fi, on Android running devices. Upon successfully implementing an application 

on an Android platform, a similar application can be designed and ported for an 

iPhone.  

1.1 Roadmap 

The rest of this paper is organized as follows. In the following chapter, we try 

to understand the motivation behind the project through real life user scenarios. In 
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chapter 3, we review previous work done on BSNs. In chapter 4, we try to 

understand the infrastructure, APIs and development tools provided by the Android 

platform that can be used to implement an application. We will explain the 

architecture of our application in chapter 5. Chapter 6 presents our implementation 

specific notes. We will walk you through our testing strategy in chapter 7. Finally, we 

conclude and discuss our plans for future research. 
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Chapter 2 

Motivation: User Scenarios 

 

 In order to get the gist of the project and understand the overall scope, it is 

important to walk through the following user stories and scenarios where one can 

find him- or herself using and benefiting from WiFi-Med in a real life situation. 

2.1 Collegiate Athletic Training 

Athletes at major universities across the nation undergo high endurance 

physical training. UT Austin college athletics program is among the best in the 

nation, and this is why its athletes are the beneficiaries of the highest quality training 

programs. In order to maintain nationwide rankings, athletes go through intense 

training conducted by professionals pooled in from across the nation. For the brevity 

of this user story, consider a football team that consists of 45-50 players divided 

across different specialty teams.  Athletes have to divide their time between physical 

fitness and practice sessions, not to mention the academic work-load, and a system 

like WiFi-Med would assist the trainers in monitoring vital signs of the athletes 

simultaneously. They can amass all the data during training sessions and use it for 

analysis later on. Individual health profiling can be done for athletes, allowing for the 

creation of a training routine that is targeted to their needs. 
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2.2 Healthcare in Third World Countries  

 Many regions in developing countries, especially remote villages, are still 

unable to access a fundamental right; basic healthcare services.  Even though foreign 

aid is gradually picking up, it remains comparatively low in the healthcare sector. 

The aid is mostly in the form of medicines and health equipment, but the doctor-to-

patient ratio has always been extremely low.  

The whole process can be expedited in several ways. One of the ways is to 

train local people and overcome the shortage of foreign physicians, nurses and 

laboratory technicians. 

People usually do not seek medical attention unless it is life threatening. This 

lack of attention mainly arises from unawareness and unavailability of medical care. 

For example, if hypertension (high blood pressure) is not regularly monitored, 

it can gradually lead to other complications such as heart disease, kidney disease, 

atherosclerosis (hardening of the arteries), eye damage and stroke.  

For normal routine checkups, a local trainee on duty can make rounds to 

remote areas and gather significant health data using a combination of various 

wireless devices and Android phones.  

Villagers can be provided with basic monitoring of vital signs such as heart 

rate, blood pressure, temperature etc. This monitoring can be performed in a mass 

scale fashion and a large quantity of data can be aggregated. 



7 
 

Collected data can later be analyzed back at the lab under the guidance of 

doctor or a laboratory technician. This way doctors will always be available in the lab 

for urgent care. Local people can step in and help accelerate the aid process by 

learning to operate these wireless biomedical devices and collect maximum amounts 

of data. 

2.3 Personal Fitness Tracking 

Timothy et al has conducted a study [10] examining recent trends in 

occupational physical activity during the past five years in the USA. The study 

concludes that there is a direct correlation between the decrease in workplace 

activity and the increase in obesity in the USA. This study does not surprise many of 

us. Advancements in computer and communication technologies have proven to be 

highly beneficial in terms of overall productivity over the past few decades. However, 

this has pushed the “Corporate America” workforce to the brink of a sedentary 

lifestyle. 

Let us consider the example of Eric, a fresh software engineer graduate. Eric 

was very physically active while in graduate school at UT. He would ride a bicycle to 

and from campus and managed to work out four times every week. He was recruited 

for one of the best software houses in the nation and started putting in 40-50 hours 

every week. A few months down the road he realized that he was hardly fitting into 

his clothes, had become out of shape, and would get out of breath every time he 

played racket-ball.  He also felt sluggish upon returning home from work. Eric‟s 
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situation can easily be projected to many of us out there who have demanding jobs in 

the current economy.  

When we started this project, our primary goal was to design a system that is 

personal like a Smartphone, which we can easily integrate into our daily lifestyles 

without any convenience penalty.  

Eric can benefit from a system like WiFi-Med in numerous ways. WiFi-Med 

can log in information about his daily health activities, such as total steps taken, total 

distance traveled, and sleep quantity. He can also manually log passive information; 

such as exercise routines and intensity level (elliptical, pilates, cardio etc.), amount 

of calories burned, nutrition, weight and other health related issues either using the 

Android handset, or in a website hosted on a remote server. 

During break time, Eric can monitor his vital signs such as heart rate and 

body temperature every other day. This way he will not only be checking important 

health vitals regularly, but will also maintain a rich collection of data trends for 

future references. This is a good practice for people with a family history of heart 

problems. 

Aggregating health data in this way would open up a completely new world of 

analysis and insight for Eric. All of the aggregated data collected by WiFi-Med would 

be wirelessly uploaded by an Android application to a web server by using a simple 

pull and push mechanism. Eric can access all of the data and track progress toward 
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his personal goals. This is some of the main features Eric can enjoy using WiFi-Med. 

And we are just getting started. 

2.4 Cardiac Condition Monitoring/Post Heart Treatment 

Monitoring 

Each year many people suffer from various heart diseases, such as coronary 

artery disease, cardiomyopathy and cardiovascular disease. As of 2007, heart disease 

is the leading cause of death in the United States [11].  Patients with above-mentioned 

heart diseases will need treatment that might include drug therapy, angioplasty or 

surgical intervention. Part of the post treatment includes preventive care measures 

like continuous monitoring of the heart. Such monitoring usually takes place inside 

the laboratory using equipment specifically ECG. However, most of the patients 

usually fail to keep up with the routine, mostly because of the expensive and/or 

unaffordable healthcare costs. In order to fully recover from the disease, monitoring 

for ECG abnormalities is essential. This is where an affordable system like WiFi-Med 

comes in. Not only it is ubiquitous in nature, but it can be worn all the time in order 

to monitor the heart continuously. However, there is qualitative trade-off between 

the data monitored by WiFi-Med and the data obtained in an actual laboratory. 
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Chapter 3 

Related Work 

 

In this chapter, we review previous work on Body Sensor Networks. Our focus 

is on software aspect of the system, more precisely mobile software in an embedded 

environment. However, we also mention previous research from related application 

areas. 

Several mobile point-of-care systems have been proposed for continuous 

monitoring of health data. 

A large amount of work has been devoted to advanced configurations of BSNs 

composed of several biosensors. Other act as standalone systems offering very 

limited functionalities. For example, several wireless ECG monitoring systems have 

been proposed [12], [13], [14], and [15]. All of these prototypes are heavily focused on 

interfacing an actual biosensor with sensor nodes for data sampling and wireless 

transmission. For data sampling and wireless transmission, they use standard 

wireless interfaces, such as Zigbee [16] or Bluetooth.  

Although the above-mentioned systems discuss about ultra-miniaturized 

sensors and efficient communication using optimal cross-layer protocols, but they 
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lack versatility when it comes to integrating these platforms with current mobile 

platforms such as Android or iPhone. This is a major limitation from a software 

design perspective. 

Researchers at Imec, Netherlands have achieved the only closest 

implementation on an Android phone [17]. They followed the footsteps of [18], where 

one can use the SD port of the phone for communication rather than simply using it 

as an I/O interface. All of this can be achieved with a SDIO protocol [19]. However, 

they have devised a better way to overcome limited data through put and higher 

power consumption offered by the above solution. Their novel approach consist of 

emulating the SD protocol over the SPI interface of a low-cost Texas Instruments 

MSP430 [20] microcontroller. This approach can make G1 Android phone detect 

different kind of bio-signals. These bio-signals operate on low power radio 

frequencies, which one commonly finds in consumer level biosensors. In this way, 

they have successfully demonstrated an ECG application. However, like many other 

systems previously discussed, it also lacks a full-fledged software solution at the user 

end. A robust software solution can control and aggregate health data from more 

than one biosensor at a time.  It can also analyze monitored data natively on the 

phone and subsequently share it via the cloud. 

Most recently, Dr. David Albert has created an iPhone-based system called 

iPhoneECG [21], which includes a single-lead ECG reader enclosed in an iPhone case. 

Once an iPhone snaps into the case, it is ready to measure clinical quality cardiac 

events. However, besides minimal user interaction, iPhoneECG cannot provide 



12 
 

continuous monitoring for lengthy periods. This is due to limitations in physical 

design of the case. 

Most of the above-mentioned work, and other similar solutions, heavily focus 

on biosensors, network connectivity or the hardware interface between the sensors 

and the network gateway. However, as for the specific problem of a robust software 

solution at the user end, only a few of these systems offer solutions related to the 

work presented in this paper. 

That is why we have decided to focus on the software aspect of the BSN first. 

We then devised a better way of interfacing various biosensors with the gateway 

(Android phone), and had them talk in a MANET environment through an optimized 

WSN protocol. The "Future Work" chapter discussed this more thoroughly. To the 

best of our knowledge, this would be the first standalone Android application 

capable of aggregating monitored data, analyzing it natively and providing web 

services from a remote web server.  
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Chapter 4 

The Android Platform Architecture 

 

Before we delve into the specifics of WiFi-Med application, let us first 

understand the infrastructure, libraries and development tools provided by the 

Android platform.  

Android is an open-source software platform for mobile devices. The Android 

platform is the product of the Open Handset Alliance [22] whose vision was to build a 

better mobile phone. Led by Google, this group includes mobile operators, handset 

manufacturers, hardware component manufacturers, software solution and platform 

providers, and marketing companies. 

Android‟s software stack includes various subsystems such as Operating 

System (OS), middlewares and core applications to power the handset. It is not only 

used to power Android OS compatible handsets but also allows third party 

application development using an open-source license . Developers write 

applications using Android SDK. Android SDK provides the tools and APIs necessary 

to develop applications on the Android platform using the Java programming 

environment. Unlike standard Java applications, Android applications run on an 

optimized virtual machine. 
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Initially, Android was deployed only for mobile handsets. However, with 

subsequent advancements of its core subsystems, its computing services and rich 

functional support have extended to tablets and TV sets [23].  

This section will cover in detail the overall system architecture—the key 

layers, execution model, and components that make up the Android software stack. 

As shown in the figure below, the Android software stack is a tiered architecture that 

consists of five primary layers. Each layer uses the services provided by the layers 

below it.  

Fig 1Android Architecture [24] 
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in the figure below, the Android software stack is a tiered architecture that 

consists of five primary layers. Each layer uses the services provided by the layers 

below it.  

4.1 Kernel 

 Android is built on top of a Linux kernel. This Linux distribution provides the 

necessary hardware abstraction layer, which makes Android easily portable to a 

diverse range of handsets in the future. 

The Linux kernel was created by Linus Torvalds in 1991 as a research project 

while at the University of Helsinki, Finland [25]. Linux OS can be installed today on a 

wide variety of computer systems, ranging from mobile phones to supercomputers to 

miniaturized embedded systems. 

Internally, Android uses the Linux kernel for its memory management, 

process management, security, network stack, and other operating system services. 

The Android phone user will never directly interact with Linux so that our 

application will not make Linux calls directly.. 

4.2 Native Libraries 

A layer consisting of custom C/C++ libraries resides on top of the Linux 

kernel and is optimized for embedded use. These libraries are not stand-alone 

applications. They can only be called by higher level programs. They provide most of 

the real power of the Android platform and handle tasks related to graphics, 
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multimedia codecs, databases, and browsers. They are compiled for the particular 

hardware architecture used by the handset, and are preinstalled by the phone 

vendor. Some of the core libraries include the following: 

4.2.1 Media Codecs Libraries   

Android supports playback and recording of many popular audio and video 

formats including but not limited to AAC, AVC (H.264), H.263, MP3, and MPEG-4. 

Besides A/V media, it also supports static image file formats, such as JPG and PNG. 

4.2.2 Surface Manager  

Surface Manager provides a system-wide surface composer to render all the 

surfaces in a frame buffer. Each window is owned by a different application. Each 

application is running different processes, which in turn own different windows, thus 

creating several sub layers of graphics. The surface manager handles the task of 

composing, coordinating, and rendering 2D and 3D graphic layers on the screen 

from these windows being used by multiple processes. This ensures that the pixels 

show up correctly on the screen, enabling many interesting effects to be seen, such as 

transparent windows and animated transitions. 

4.2.3 2D and 3D graphics libraries 

Optimized 2D and 3D graphics libraries are included, which can combine 2D/3D 

elements in a single user interface. These optimized libraries are based on 
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OpenGL/ES and SGL. OpenGL/ES and SGL are a cross-platform APIs for writing 

applications that produce 2D and 3D computer graphics. The library will use 3D 

hardware if the device has a 3D chipset or a 3D software renderer if it does not. Most 

of the applications commonly use 2D graphics; however, the Android platform has 

built in support for combining 2D and 3D graphics. 

4.2.4 WebKit Engine  

WebKit is an open-source browser layout engine for fast display of HTML content 

on small screens in mobile devices. WebKit powers the Google Chrome browser, 

Apple Safari browser, Apple iPhone iOS browser and many other smartphones [26]. 

It also supports WebView class, which we have heavily used in implementation of 

WiFi-Med. We will discuss more on it later on in application architecture chapter. 

4.2.5 FreeType  

FreeType is a C library that implements a font rasterisation engine. It also allows 

other font-related operations. 

4.2.6 SQL Database  

The Android platform includes a lightweight yet powerful SQLite. SQLite is an 

open-source relational database management system (RDBMS). It is used for most 

of the native data storage and is available to all applications. It allows very efficient 

data storage and retrieval [27]. 
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4.3 Android Runtime 

Android runtime layer sits right above the Linux kernel or at the same level as 

the previously discussed libraries. It contains core Java libraries and a Java Virtual 

Machine (JVM) to interpret and execute Java byte code. Bundled together, they form 

the Java Runtime Environment (JRE) for Android. However, JVM for Android, 

called Dalvik VM, is a customized implementation by Google. Dalvik VM is 

optimized for running Java programs in a resource-constrained embedded 

environment with limited computational power, internal memory, and battery life 

requirements. 

Dalvik VM is different from a standard JVM in two important ways. Dalvik 

VM runs .dex files, which are highly compact and more efficient than traditional 

.class and .jar files. Secondly, the core libraries that come with Android are also 

different from both the Java Standard Edition (Java SE) libraries and Java Mobile 

Edition (Java ME) libraries. However, there is a substantial amount of overlap. 

The Android platform uses an OS derived from a unique Linux distribution. 

This eliminates the need of a variety of cross-platform compatible JVMs hosted by 

different operating systems. In this way, Android relies on the underlying operating 

system for process isolation, memory management and threading support.  

Dalvik is also designed to allow multiple VM instances to run at once. This 

makes it possible to run each application as a separate process in its own instance of 

the Dalvik VM. In addition to other benefits, this improves platform stability and 
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simplifies memory management. For example, if one application crashes, it does not 

affect other applications as they are running inside separate processes. 

4.4 Application Framework 

 The Application Framework sits on top of native libraries, android runtime, 

and the Linux kernel. This framework comes pre-installed with high-level building 

blocks that developers can use to program applications. 

Application framework provides various managers to access all hardware 

related services. Most of these managers come as a bundle of Java classes. Besides 

the provided tools and APIs in the framework, one can extend them with their own 

custom widgets as required. 
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The following are the most important application framework components for 

our application and Android development in general:

 

Fig 2 Android Application Framework Bundles 

4.4.1 Activity Manager 

Activities are focused. Activities can run in the foreground giving direct 

interaction to the user- e.g., current window/tab- they can run as background 

services or they can be embedded in other activities. 
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Fig 3 Android Activity Lifecycle [28] 

The entire lifecycle is defined by certain methods or states as shown in figure 

below. 

 

 

 

 

 

Fig 4 Important methods of Activity 
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All activity classes must have a corresponding <activity> declaration in the 

AndroidManifest.xml. 

4.4.2 Contents Provider 

Content provider handles data across applications globally. Android is 

equipped with a set of built in content providers to handle multi-media data or 

contacts etc. Developers can make up their own providers for flexibility or they can 

incorporate their data in one of the existing providers. For our specific application, 

we are interested in content-browser to access online data through browser 

interface. 

4.4.3 View System 

View system binds all the classes together that handle graphical user interface 

(GUI) related elements. All of view system‟s elements are arranged in a hierarchical 

single tree manner. They can be called from a java code or included in XML layout 

files. An advantage to the Android development environment is the extensive use of 

XML files. These files provide useful abstraction between backend java code and 

layout elements. Designing a UI related elements is conducted in the same fashion as 

HTML based web designing. 

4.4.4 Resource Manager 
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Resource Manager handles all non-code items, which can be anything ranged 

from icons, graphics, or text. These resources reside under the res directory, as can 

be seen under Eclipse Project Explorer in the following figure. 

 

Fig 5Eclipse Project Explorer 

All of the icons and design work using Adobe Illustrator will reside under 

these layout directories. 

4.4.5 Location Services 
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This bundle supports location providers for GPS and cell phone triangulation. 

LocationManager system service is the central component of the location framework. 

This system service provides an underlying API that can access device location 

information. Besides LocationManager class, there are several other important 

classes from android.location that are important to location aware applications, such 

as Geocoder, GpsSatellite and LocationProvider. 

4.5 Applications 

As indicated in figure 1, the highest layer in the Android architecture is the 

Applications and Widget layer.  

This layer is where a user interacts with the phone while unaware of the action 

occurring beneath this layer. Some applications are pre-installed on a phone, while 

most are developed and placed on the Android market free to download or for a 

small price. It is important to note that applications can share resources with each 

other e.g., WebView interacting with Google maps widget. Some popular pre-

installed applications and widgets are Phone Dialer, Home, Dialer, Contacts, 

Browser, etc. 

4.6 Android GUI Architecture 

 The way a person feels about an object influences how well they will be using 

it. Same holds for the way software looks.  
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 Mobile applications follow a consistent theme common to most of the 

applications that run on the same platform. This can be due to the strict guidelines 

put forward by the platform provider, for e.g. iOS Human Interface Guidelines [29], 

or accessible rich  pre-designed and editable UI elements made available to the 

developers for, e.g. Android SDK or jQuery Mobile [30].  

 This gives users a compelling experience when interacting with multiple apps 

on the same platform. 

 A great user interface of an app always complements the functional 

capabilities under the hood. A poorly crafted UI can prove to be a hassle for the user, 

even for a great application. In order to create a positive emotional attachment with 

the users, UI always has to be intuitive, aesthetically pleasing and easy to use. 

 The Android UI framework is built around the Model-View-Controller (MVC) 

architecture. Android‟s MVC is more implicit and this reflects in the application. 

Android UI creation is an implementation of the MVC pattern, which uses layouts, 

resources, activities and intents.    
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 It provides structure and tools for building a Controller that handles user 

events, such as input gestures and a View that renders graphical layout onto the 

screen. All actions, views and activities are baked in way of working with the Android 

UI, making it structurally similar to MVC pattern. The Android Activity is generally 

classified as Controller-View. 

 

 

 

 

 

 

 

 

 

Fig 6 Android GUI Architecture 

4.6.1  Controller 

  Android Activity works as the Controller by responding to events (user 

generated or based on Model state changes i.e. data state) and manage the flow of 
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views. However, an Activity is not explicitly defined as a Controller but it is derived 

in a way that it decouples the View and Controller aspects of MVC.  

4.6.2 View 

 View is the application feedback to the user. It is a content that directly 

interacts with the user, for e.g. rendered graphics, audio and so on. View is Android 

UI framework‟s graphical portion, and is implemented as a tree of subclasses. It 

begins with a rectangular area that we know as a screen or a window, and fills it with 

various elements as it traverses down the View tree.  

4.6.3 Model 

 Model objects in Android are managed through ContenProviders objects, 

which are used for managing and saving persistent data, such as SQLite data, local 

files or shared preferences. It can also be as simple as an array of integers.  

  



28 
 

Chapter 5 

WiFi-Med Application Architecture 

 

 In this chapter, we discuss the design and architecture of the WiFi-Med 

application. First, we present our thoughts on Hybrid mobile architecture, as it is the 

backbone of our application. Then we review different data storage mechanisms 

provided by Android SDK.  

 

  

 

 

 

 

 

 

 

Fig 7 WiFi-Med Home Screen 
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 The following figure shows the architecture of an Android based health-

monitoring system. The system can be fully conceived once we successfully 

interfaced biosensors with the Android phone as discussed under the future work. 

 

Fig 8 Architecture of an Android based health-monitoring system 
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5.1.1 Hybrid Mobile Application 

Hybrid mobile application is a combination of native application and web 

application. It uses both web browser interfaces and native mobile components. The 

native component provides a wrapper around the underlying web component. Data 

is exchanged between the two using various data interchange formats such as JSON 

[31] and XML [32].  

The key advantage of hybrid applications over native applications is its cross-

platform compatibility. This allows developers to leverage familiar web technologies 

such as HTML, cascading style sheet (CSS) and JavaScript to build cross-platform 

mobile applications. Some hybrid frameworks such as jQuery Mobile, PhoneGap [33] 

and Titanium Studio [34] allow multiple platform deployment through single code 

base, using common web technologies. Once the code base is created, it can be 

wrapped inside native SDK code. The resulting bundle is similar to any application 

created entirely with native components.  

In our case, we are using hybrid application approach to display various plots 

by using flot jQuery library. Some hybrid components (ECG Graph, Average 

Temperature etc) of our application are built around the WebKit engine found in 

Android‟s WebView control. Android does not support JavaScript, and our approach 

allows integration of JavaScript code with Android‟s native code. We are also using 

PHP web pages hosted at a remote server to display user profile. Maintaining and 
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updating these web pages at a remote server is far more feasible, as they require 

minimal changes once created. 

Hybrid mobile applications do have some disadvantages. Certain crucial 

native APIs cannot be exposed through hybrid web application. Performance of 

purely native applications is often better. 

 

Fig 9 Hybrid Architecture 
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5.1.2 Android Data Storage 

Android SDK allows one to store persistent application data using any of the 

five following methods. Each solution has its benefits and drawbacks depending on 

the nature of the application. We proceed through each of the five solutions and then 

later elaborate on our selection, SQLite, and justify why it was chosen.  

It is important to note that the central shared repository where individual 

applications can store and share data with each other does not exist. The 

android.provider package provides content providers to store and retrieve data 

and make it accessible across all applications. This is the only way to share data 

among applications. However, one can always manage read/write access of data and 

which parts of the application are exposed. 

5.1.2.1 Shared Preferences 

SharedPreferences class provides an API for accessing and modifying 

preference. It allows the storage of any primitive data type. This stored data will be 

persistent across different user sessions, is non-volatile (even if the application is 

terminated). It is important to note that shared preferences are not strictly designed 

to save user preferences. The PreferenceActivity is a dedicated API to save user 

preferences, and it is persisted across applications and user sessions. We avoided 

using Shared Preference because of the limitations of API. 

5.1.2.2 Internal Storage 



33 
 

Since Android is built on top of a Linux kernel, it enjoys the same privileges of 

a real file system as a standard Linux distribution. All files are stored on the phones 

ROM memory. In this way, one can perform Java I/O routines using java.io.package. 

However, since ROM memory is limited and its size varies from vendor to vendor, 

we decided not to use internal storage mechanism for our application. In addition, 

the size of our aggregated data would exhaust the internal memory of a handset.  

5.1.2.3 External Storage 

Most of the Android powered devices have removable external memory in the 

form of a SD card. Such memory cards are much larger in size (64Gb[35]) than 

internal flash memory (ROM). Since ROM memory can be used only for important 

OS dedicated tasks, users can use SD cards to store excessive things like images, 

videos, and documents etc. As these cards are removable, there is a great chance of 

losing stored data by accidently wiping it off or losing an actual card. This convinced 

us not to adopt it for our system. However, we believe that users should be given an 

option to store their health data on SD cards.  

5.1.2.4 SQLite Databases 

Storing information using any of the above APIs is fine as long as the data is 

small and persistent i.e. pictures and audio. As we are dealing with large structured-

data sets, it is recommended to use a relational database. Moreover, data retrieval 

becomes intuitive because of indexing, and it eliminates the need for additional Java 

I/O routines required to read data files. Each Android application has its own SQLite 
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database instance. In order to share data with other applications, one can use 

Content Provider API. 

Databases have played a central role in the development of large-scale 

applications. The Android platform also provides relational databases support to 

apps through SQLite. SQLite is an open-source portable database that requires no 

setup. This means, like other popular databases (MySQL and PostgreSQL) there is 

no server, no configuration file, and definitely no need for a DB administrator related 

tasks. A SQLite database instance is just an independent file. 

Besides Android, SQLite can also be found in other platforms like the iPhone, 

Nokia Symbian phones, Mozilla Firefox browser, PHP CMS, Mac OS X, Solaris, and 

many other places [36].  
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5.2 ECG Monitoring System 

ECG machines have been around longer than most other types of medical 

equipment. ECG monitoring devices can detect and record abnormal heart rhythms 

and it is very important for patients recovering from heart surgery or that have had 

history of heart attacks. Most of the heart diseases can reoccur and ECG monitoring 

can prove very beneficial in such cases.  

 

 

 

 

 

 

 

Fig 10 ECG Monitoring System 

Most of the systems available in the market are tightly interfaced with PCs to 

transfer data between the ECG Holter monitor and the PC. This not only limits the 

patient‟s mobility but also the ability to conduct ECG monitoring in a more natural 

environment. For example, the patient has to be hospitalized while this treatment is 

going on. To find the best solution, we take into consideration the above mentioned 
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limitations and propose a system where a wireless ECG monitoring chip like [37] is 

interfaced with an Android phone. Such a system cannot only record and analyze 

ECG data at the convenience of the patient, but it can also share it remotely with a 

physician for further consultation. 

As we will discuss under the  “Future Work” chapter, we are currently using 

sample data to facilitate the functionally of our Android application. For ECG data, 

we are using actual data samples from MIT-BIH Normal Sinus Rhythm Database 

available at PhysioBank archives [38]. 

The ECG Monitoring system consists of three key components:  

1. A database that stores readings 

2. A front end service to display data and perform small scale analysis natively 

on the phone 

3. A background service to send data to a remote web-app 

Each component is described in more detail below. 

5.2.1 ECG Monitoring System Database 

Similar to the Blood Pressure Recordkeeping database system, we are using 

four classes, namely;  
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Fig 11 ECG Monitoring System Database System 

5.2.1.1 ECG Database Handler (ECGDbHandler) 

This is the database handler class. It is SQLite database access wrapper. It 

stores the database that the ECG code creates and prevents it from being created a 

second time.  

Note: It would be worth writing a generic database handler class that handles 

creation and storing of all the databases associated with this application. However, 

that might be overkill since we are not dynamically creating a database according to 

the user‟s preference. 

In order to use SQLite on an Android device, we have to extend 

SQLightOpenHelper. We have to override certain methods in this class e.g. 
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onCreate() is called when the database is created for the first time. This is where the 

creation of tables and the initial population of the tables should happen. We can also 

use onUpgrade() if we want to change the schema of our database. onCreate() will 

receives a SQLightDatabase object. 

5.2.1.2 ECG Adapter (ECGDbAdapter) 

Based on this helper class, we can write an adapter class. Reading and writing 

from the database is performed using this class that implements necessary SQL 

statements to perform database operations. The method open() will open the 

database via the helper class, ECGDbHandler . We use the ContentValues class for 

updating and creating values. 

5.2.1.3 ECG Database Overview (ECGDbOverview) 

ECGDbOverview subclass ListActivity and display the returned data as a list. 

Every SQLite query will return a Cursor object that points to all the rows found by the 

query, similar to a SQL SELECT statement. In the Android platform Cursor is the 

only mechanism with which one can read results retrieved from a database. We also 

set up a menu for the ECG Monitoring system in this class and define events like 

what happens next when a list or menu item is clicked.   

The following information is stored for each record entry.  

1. Date and time of record entry. Which is also the title of the corresponding 

record (text) 
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rowId | date | mVolts | p_feature | q_feature | r_feature | 

s_feature | t_feature type | notes 

 

2. mVolts Reading. For plotting purposes, we are converting millivolts into volts 

(real) 

3. P feature Reading (real) 

4. Q feature Reading (real) 

5. R feature Reading (real) 

6. S feature Reading (real) 

7. T feature Reading (real) 

8. Notes for any important information regarding the record. E.g. some factors 

or events triggering abnormal heart rate (text) 

The following figure shows the schema for the ECG Monitoring system database 

table. 

Fig 12 ECG Monitoring database schema 

As of now, we are only storing data points related to abnormal features 

filtered out by the feature extraction algorithm. Storing data just for the last 24 hours 

can take up to 2GB of memory. We have devised a solution in the “Future Work” 

chapter about storing chunks of data via the cloud. 

5.2.2 ECG Monitoring System Front End Service 
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We adopted a hybrid application approach to implement the ECG Monitoring 

system. The reason being that Android does not support Swing and AWT Java 

libraries to draw graphs. There are many proprietary and open source libraries 

available to display graphs. We prefer to use flot [39] to show ECG cycles in real-time. 

Flot is an open source jQuery graph library that leverages the WebKit browser-based 

class WebView.  

 

 

 

 

 

 

 

Fig 13 ECG Monitoring System Front-End System 

In this way, the ECG Monitoring system displays a symbiotic relationship 

between the Android Java environment and the Javascript environment of 

WebView. Instead of simply asking WebView to display static HTML content, it 

tightly integrates the Java environment of Android Activity class to provide 
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functionality to the JavaScript environment. Once the two environments are 

connected, data can be interchanged using JSON notation. 

Once the XML layout files are set up, the main screen is defined using the 

Activity component. We inflate the layout with a call to setContentView(). A majority 

of the ECG Monitoring system front-end service is contained in the ECGGraph class 

which subclass Activity class. Let‟s briefly walk through various components forming 

together the front end service. 

5.2.2.1 WebView Class 

The WebView class is a fairly complex class that can be highly customized. We 

instantiate a WebView control object, browser, in order to wire it with the main 

Activity class. Given the scope of this application, WebView control is minimally 

deployed. WebViewClient is another related class that provides various hooks for 

capturing events such as start page load, end page load, restart, keyboard 

interruption etc.  

In order to configure settings for the WebView instance, we tied an object of 

this class to our default browser object. We can use WebSettings object to enable 

JavaScript in the browser. 

We also need an instance of WebChromeClient to permit functions such as 

alert() for JavaScript. This is an important function from a debugging point of view, 

since we cannot debug JavaScript (jQuery) code in the Android platform.  
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To make the Webview control (browser) navigate a page, we can call loadurl() 

method with a path pointing to the HTML file containing the JavaScript code to 

display the graph. Since we are just leveraging WebView to display the JavaScript 

code natively on Android, there is no need to host the HTML file remotely on the 

web server and providing loadurl() with an actual URI. 

5.2.2.2 JavaScript Interface 

The next step is to enable the Java code within the Activity to interact with the 

JavaScript code within the flot HTML file managed by the WebView object. We call 

addJavascriptInterface() to bind an object to JavaScript so that the Java methods 

can be accessed from JavaScript. This function takes instance of the Java class and 

an interface namespace as arguments. In our case, the Java class is called 

“FlotHandler” and the namespace is “flot”. From the JavaScript environment, we can 

use window.flot.passJSON to get JSON data from the FlotHandler class and use it 

inside JavaScript to display a real-time graph. 

5.2.2.3 FLOT (JQuery) Library 

Let‟s take a brief look at the flot library API and how we are implementing it. 

Flot is a simple, attractive and highly interactive JavaScript plotting library for 

jQuery.  

It uses HTML5 canvas tag [40] and boasts a rich and easy to use API. The 

setup is very easy. One can create an inline placeholder inside a DIV tag of the HTML 

file. If CSS is not the option, then we can set the width and height of this DIV tag that 
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var options = { 

 

series: { shadowSize: 0 }, // drawing is faster without 

shadows 

yaxis: { min: -100, max: 200 }, // range of y-axis data 

series 

xaxis: { min: 0, max: 300 } // range of x-axis data series 

 

will be eventually reflected as an actual width and height of the graph. Then inside 

our JavaScript code we call: 

 

Fig 14 Plotting ECG Cycle in real-time 

Where;  

 #placeholder is the above-mentioned HTML placeholder that indicates the 

entry point of JavaScript code. 

 getRandomData() is the only JavaScript function (notice the simplicity of JS) 

we are implementing to interface with Java code to read JSON data. Then we 

parse JSON object passed by Java code inside this function and push it out in 

to an array to be later used by plot().  

 options is an array to set various GUI elements of the plot for e.g.  

Fig 15 Options for controlling the appearance of the ECG graph 

Flot currently works with all latest browsers. This JavaScript code is injected 

and executed in to the WebView current page. In this way, the Java code of 

ECGGraph can execute JavaScript code defined in the WebView. 

$.plot($("#placeholder"), [ getRandomData() ], options) 
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{ 

 "operation" : "ecg", 

 "arguments" : [ 

    -0.165, 

    -0.155, 

    -0.195, 

    ... 

    ... 

    -0.125,  

    -0.135 

    ] 

} 

 

5.2.2.4 JSON Object Interchange 

The text file containing sample ECG data is first parsed and then each element 

is converted into a JSON object using JSONObject, JSONArray and JSONException 

APIs supported by Android. This object is then read inside JavaScript 

getRandomData()using the Java-JavaScript interface. JavaScript eval() function 

translates this JSON object into a JavaScript array for further processing by 

getRandomData(). 

 

 

 

 

 

 

Fig 16 JSON ECG Object 

5.2.3 Analysis of ECG Cycle 
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The ECG is a graphic representation of the heart's electrical activity. It is 

formed when the cardiac cells de-polarize and re-polarize. A typical ECG cycle is 

defined by the various features (P, Q, R, S, and T) of the electrical wave. Absence of 

one of the features indicates abnormal heart activity.  

 

 

 

 

 

Fig 17 ECG cycle 

According to a study conducted by Mayo Clinic, 5 million Americans will 

suffer from Artial fibrillation by 2050 [41]. Artial fibrillation can be investigated 

routinely using ECG to detect irregular heartbeats.  

Absence of P waves, irregular R-R intervals and wide QRS complexes are 

indicators of abnormal heart electrical activity. 
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Fig 18 ECG of atrial fibrillation (notice missing P wave) and normal sinus rhythm 

(bottom) [42] 

Many state of the art algorithmic techniques have been devised to study and 

analyze ECG data. Gari D. Clifford et al [43] has presented many guidelines to design 

and implement simple algorithms to extract features from ECG graphs. Currently we 

are using a few simple approaches to read, analyze and store presence of any 

aberrant data associated with irregular ECG patters. Each ECG cycle segments are 

stored as Java objects and probabilistic comparison approaches are applied on 

individual features.  

5.2.4 ECG Monitoring System Background Data Transport 

Service 

The only pre-processing of aggregated ECG data includes analysis and 

features extraction performed natively on the phone. For post-processing, we send 

entire ECG data to a remote web-server.  
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One can just call URI of a web service API and retrieve JSON object. In a 

similar way one can also write a JSON object to a URI. 

Android supports various JSON libraries like JSONObject, JSONArray and 

JSONException. We can use these libraries to aggregate and convert our native Java 

objects in to JSON objects. In this particular case, Java objects are blood pressure 

record data retrieved by the database cursor, as discussed previously.  

We then instantiate an interface for HTTP client and setup an HTTP Post 

method call to request the server to accept enclosed entity in the request, which is an 

encapsulated JSON object. 

Both of these APIs are bundled in Android under the Apache license.  

5.3 Blood Pressure Record-Keeping System 

Good record keeping is essential for effective monitoring and interpretation of 

vital signs. An extensive record can always be a helpful resource for an early 

diagnosis of disease. Data mining tools can be used and in-depth statistical analysis 

can be performed to pick up trends that have occurred in the past indicating a 

developing disease.  

Some people inherit blood pressure disease while others develop it over time 

due to various extraneous factors. About one out of three people suffer from high 

blood pressure in the USA and it is the primary or contributing cause of 326,000 
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deaths every year in the USA [44]. If not treated in time, it can lead to other life 

threatening diseases such as heart disease, strokes and kidney disease. 

It would be overkill to interface a blood pressure monitor wirelessly to an 

Android phone since the recommendation is to take measurements once every day. 

We are providing a daily log service, which will let a user record a blood pressure 

reading previously taken at the doctor‟s office or from their own personal device. 

This data can be entered using the provided framework on Android. Not only can it 

store and retrieve past data natively on the phone, but it can also be shared remotely 

to a web server where a web app can analyze the data and provide user with 

summary charts. Tracking blood pressure is important if a patient has been 

diagnosed with hypertension, and it becomes habitual when one can record reading 

at the ease of using a personal phone. 

The Blood Pressure Record-Keeping system consists of three key components:  

1. A database that stores readings 

2. A front end service to display data and perform small scale analysis natively 

on the phone 

3. A background service to send data to a remote web-app 

Each component is described in more detail below.  

5.3.1 Blood Pressure Recordkeeping Database 
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In order to use SQLite on an Android device, we have to extend 

SQLightOpenHelper. We have to override certain methods in this class e.g. 

onCreate() is called when the database is created for the first time. This is where the 

creation of tables and the initial population of the tables should happen. We can also 

use onUpgrade() if we want to change the schema of our database. onCreate() will 

receive a SQLightDatabase object. 

 

 

 

 

 

 

 

  Fig 19 Blood Pressure Recordkeeping Database System 

Based on this helper class, we can write a driver class WifiMedAdapter. 

Reading and writing from the database is performed using this class, which 

implements necessary SQL statements to perform database operations.    
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rowId | date | systolic | diastolic | heart_rate | notes 

 

Every SQLite query will return a Cursor object that points to all the rows found 

by the query, similar to a SQL SELECT statement. In Android platform Cursor is the 

only mechanism with which a user can read results retrieved from a database. 

The following information is stored for each record entry.  

1. Date and time of record entry. Which is also the title of the corresponding 

record (text) 

2. Systolic Reading (real) 

3. Diastolic Reading (real) 

4. Heart Rate (real) 

5. Notes for any important information regarding the record. For e.g. some 

factors or events triggering abnormal blood pressure or heart rate (text) 

The following figure shows the schema for the ECG Blood Pressure 

Recordkeeping system database table (blood1). 

  Fig 20Blood Pressure Recordkeeping system database schema 

Working with databases in Android can be slow due to the necessary Java I/O 

routines. Therefore, it is recommended to perform database tasks in the background 

using AsyncTask without interrupting main UI thread. We plan to implement thread 

concurrency in the future and it has been highlighted under “Future Work” chapter. 

5.3.2 Blood Pressure Recordkeeping Front End Service 
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Then we implement two more classes, Overview and Details. Overview class 

extends ListActivity, which we use to display lists of retrieved results bound by the 

cursor. We can also use event handlers on each of the list items e.g. we use 

onListItemClick() to revoke Details activity. Our implementation of Details activity is 

similar to any standard Android activity, which we use to populate, edit and save 

record (text) fields.  

We perform a minimal comparative analysis on stored blood pressure 

readings. First, we compare current readings to the pre-determined categories set by 

Mayo Clinic [45]. If the current reading falls into any of the four categories, then text 

color changes indicating ranges from normal to stage-2 hypertension.  

5.3.3 Blood Pressure Recordkeeping Background Data 

Transport Service 

One can just call URI of a web service API and retrieve JSON object. In a 

similar way, one can also write a JSON object to a URI. 

Android supports various JSON libraries like JSONObject, JSONArray and 

JSONException. We can use these libraries to aggregate and convert our native Java 

objects in to JSON objects. In this particular case, Java objects are blood pressure 

record data retrieved by the database cursor, as discussed previously.  
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{ 

 "operation" : "bp", 

 "arguments" : [ 

  {"systolic": [ 

    119, 

    120, 

    120, 

    ... 

    ... 

    118,  

    117 

  ]}, 

  {"diastolic": [ 

    75, 

    82, 

    79, 

    ... 

    ... 

    77,  

    78 

  ]} 

 ] 

} 

 

 

 

 

 

 

 

 

 

 

 

\ 

 

Fig 21 JSON BP Object 

We then instantiate an interface for HTTP client and setup an HTTP Post 

method call to request the server to accept enclosed entity in the request, which is an 

encapsulated JSON object. 

Both of these APIs are bundled in Android under the Apache license.  
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5.4 Temperature Monitoring System 

Human body temperature is an imperative indicator of health and a number 

of diseases show characteristics signifying changes in thermoregulation—leaving 

patients vulnerable to uncontrolled loss/gain of body heat.  

A patient can be effectively diagnosed by simply monitoring body temperature 

and fluctuations in thermoregulation. For example fever is the most common stimuli 

of disease-related changes in body temperature. It can be caused by a simple flu to a 

more severe situation like a malignant tumor.  

Most of the fitness-oriented body sensors already come equipped with a 

temperature sensor. Bodybug SP [46] is a personal fitness tracker that not only reads 

physical movements by using an accelerometer based technology but it can also note 

skin temperature. However, reliability of skin temperature might be at question here 

as an accurate indicator of human body temperature.  

Similar to the options we incorporated for ECG sample data, as discussed 

previously under the “Data Aggregation” chapter, and in the “Future Work” chapter, 

we are currently using sample data to facilitate the functionally of our Android 

application. For Temperature data, we are using sample dummy data samples. 

The Temperature Monitoring system consists of three key components:  

1. A database that stores temperature readings 
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2. A front end service to display current temperature (last taken reading), list of 

recent readings retrieved from database, and an interactive graph to show 

average temperature over the week 

3. A background data transport service to send data to a remote web-app 

Each component is described in more detail below. 

 

 

 

 

 

 

 

 

 

 

Fig 22 Temperature Monitoring System 

5.4.1 Temperature Monitoring System Database 
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Similar to ECG Monitoring database system, we are using four classes 

namely;  

 

 

 

 

 

 

Fig 23Temperature Monitoring System Database System 

5.4.1.1 Temperature Database Handler 

(TemperatureDbHandler) 

This is the database handler class. It is a SQLite database access wrapper. It 

stores the database that the Temperature front end system code creates and prevents 

it from being created a second time.  

In order to use SQLite on an Android device, we have to extend 

SQLightOpenHelper. We have to override certain methods in this class e.g. 

onCreate()is called when the database is created for the first time. This is where the 

creation of tables and the initial population of the tables should happen. We can also 
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use onUpgrade()if we want to change the schema of our database. onCreate()will 

receive a SQLightDatabase object. 

5.4.1.2 Temperature Database Adapter 

(TemperatureDbAdapter) 

Based on this helper class, we can write an adapter class. Reading and writing 

from the database is performed using this class, which implements necessary SQL 

statements to perform database operations. The method open() will open the 

database via the helper class, TemperatureDbHandler . We use the ContentValues 

class for updating and creating values. 

5.4.1.3 Temperature Database Overview 

(TemperatureDbOverview) 

TemperatureDbOverview subclass ListActivity and displays the returned data 

as a list. Every SQLite query will return a Cursor object that points to all the rows found 

by the query, similar to a SQL SELECT statement. In the Android platform Cursor is 

the only mechanism with which one can read results retrieved from a database. We 

also setup menu for the TEMPERATURE Monitoring system in this class and define 

events like what happens next when a list or menu item is clicked.   

The following information is stored for each record entry.  

1. Date and time temperature is taken. Which is also the title of the 

corresponding record (text) 
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rowId | date | temp | notes 

 

2. Temperature (real) 

3. Notes for any important information regarding the record. E.g. some factors 

or events triggering abnormal heart rate (text) 

The following figure shows the schema for the Temperature Monitoring system 

database table (temp_monitoring1). 

Fig 24Temperature Monitoring database schema 

5.4.2 Temperature Monitoring System Front End Service 

Temperature Monitoring system front end service consist of: 

1. Current Reading display 

2. List of recent readings retrieved by the database 

3. A histogram graph showing average readings over the past one week 

The front-end class extends ListActivity, which we use to display lists of retrieved 

results bound by the cursor. We can also use event handlers on each of the list item 

e.g. we use onListItemClick() to revoke Details activity. Our implementation of 

Details activity is similar to any standard Android activity, which we use to populate, 

edit and save notes (text fields) for corresponding temperature reading.  
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Similar to ECG Monitoring system, we are using a hybrid application approach to 

implement the average temperature service. We are again using the flot library to 

show the histogram.  

 

Fig 25 Temperature Monitoring System Front-End System 

In this way the ECG Monitoring system displays a symbiotic relationship 

between the Android Java environment and the Javascript environment of 

WebView. Instead of simply asking WebView to display static HTML content, it 

tightly integrates the Java environment of the Android Activity class to provide 

functionality to the JavaScript environment. Once the two environments are 

connected, data can be interchanged using JSON notation. 
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Once the XML layout files are set up, the main screen is defined using the 

Activity component. We inflate the layout with a call to setContentView(). Majority 

of the ECG Monitoring system front-end service is contained in ECGGraph which 

subclass Activity. Let‟s briefly walk through various components forming together 

the front-end service. 

5.4.2.1 WebView Class 

The WebView class is a fairly complex class that can be highly customized. We 

instantiate a WebView control object, avgTempBrowser, in order to wire it with the 

main Activity class. Given the scope of this application, the WebView control is 

minimally deployed. WebViewClient is another related class, which provides various 

hooks for capturing events such as start page load, end page load, restart, keyboard 

interruption etc.  
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 Fig 26Average Temperature over the Week 

 

 

In order to configure settings for the WebView instance, we tied an object of 

this class to our default browser object. We can use WebSettings object to enable 

JavaScript in the browser. 

We also need an instance of WebChromeClient to permit functions such as 

alert() for JavaScript. This is an important function from a debugging point of view, 

since we cannot debug JavaScript (jQuery) code in the Android platform.  

To make the Webview control (browser) to navigate a page, we can call 

loadurl() method with a path pointing to the HTML file containing the JavaScript 

code to display the graph. Since we are just leveraging WebView to display the 

JavaScript code natively on Android, there is no need to host the HTML file remotely 

on the web server and providing loadurl() with an actual URI. 

5.4.2.2 JavaScript Interface 

The next step is to enable the Java code within the Activity to interact with the 

JavaScript code within the flot HTML file managed by the WebView object. We call 

addJavascriptInterface() to bind an object to JavaScript so that the Java methods 

can be accessed from JavaScript. This function takes instance of the Java class and 
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$.plot($("#placeholder"), [ 

        { 

          data: d2, 

          yaxis: { min: 40, max: 110 }, 

  xaxis: { show: true }, 

          bars: {  

    show: true, 

        lineWidth: 0, 

        fill: true, 

fillColor: { colors: [ { opacity: 0.8 }, { 

opacity: 0.5 }, { opacity: 0.1 } ] } 

    } 

        } 

    ]); 

an interface namespace as arguments. In our case, the Java class is called 

“avgTempHandler” and the namespace is “avgTempNS”. From the JavaScript 

environment, we can use window.avgTempNS.passJSON to get JSON data from the 

avgTempHandler class and use it inside JavaScript to display histogram. 

5.4.2.3 FLOT (JQuery) Library 

Our implementation for average temperature service using flot library is very 

similar to the one we did for the ECG graph. However, here we are only displaying a 

static graph dealing with a static set of data. 

Let‟s take a brief look at the JavaScript code: 

Fig 27 Plotting Histogram for Average Temperature last week 

Where;  
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{ 

 "operation" : "temp", 

 "arguments" : [ 

    98.6, 

    98.1, 

    98.7, 

    ... 

    ... 

    98.2,  

    98.6 

    ] 

} 

 

 #placeholder is an HTML placeholder to indicate the entry point of JavaScript 

code. 

 d2 holds the data that we parsed from a JSON object passed by the Activity 

code through JavaScript interface (avgTempNS). 

 bars is an array to set up bar chart and various GUI elements of the plot.  

 This JavaScript code is injected and executed in to the WebView instance that 

is rendered as a standard WebKit web-page. In this way, the Java code of 

AvgTemp.java can execute JavaScript code defined in the WebView. 

5.4.2.4 JSON Object Interchange 

The text file containing sample temperature data is first parsed and then each 

element is converted into a JSON object using JSONObject, JSONArray and 

JSONException APIs supported by Android. This object is then read inside 

JavaScript code using the Java-JavaScript interface. JavaScript eval() function 

translates this JSON object into a JavaScript array for further processing by the 

implemented JavaScript function. 
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Fig 28 JSON Temperature Object 

5.4.3 Temperature Monitoring System Background Data 

Transport Service 

One can just call URI of a web service API and retrieve the JSON object. In 

similar but opposite way one can also write a JSON object to a URI. 

Since Android supports various JSON libraries like JSONObject, JSONArray 

and JSONException, we can use these libraries to aggregate and convert our native 

Java objects in to JSON objects. In this particular case, Java objects are blood 

pressure record data retrieved by the database cursor, as discussed previously. 

We then instantiate an interface for HTTP client and setup an HTTP Post 

method call to request the server to accept enclosed entity in the request, which is an 

encapsulated JSON object. 

Both of these APIs are bundled in Android under the Apache license. 
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Chapter 6 

 Implementation Notes 

 

 In this chapter, we discuss some of the salient features of the WiFi-Med 

implementation process. This discussion includes, but not limited to, development 

environment, timeline, code size and finally commonly occurring issues and their 

solutions. 

 The common practice of software implementation process of a large-scale 

business integration system is usually performed in multiple stages—assessment of 

requirements, reusability of available components, design and development of new 

components, testing, performance evaluation and validation and finally deployment 

(which includes end user technical training). The exact details and the timing of 

deliverables produced at each stage may vary according to the target organization 

implementing the software system. 

 People and organizations strictly adhering to the above-mentioned stages 

depend on the very nature of the software project and size of organization.  

 We loosely followed a standard software development lifecycle (SDLC) model, 

Agile software development, for our project. However, it entirely does not follow any 

distinctive implementation technique.  
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6.1 Development Environment 

 We used Assembla [47] for project hosting and version control. Assembla is a 

web-based open source collaborative project management service to host software 

workspaces. Hosted workspaces have access to many project management software 

features such as task management, ticketing and bug tracking, Subversion [48] and 

Git [49] and various other team collaborative tools.  

Our development platform comprises of the following software and hardware 

configuration. 

6.1.1 Software 

6.1.1.1 Android SDK 

  The Android SDK provides a comprehensive set of development tools to assist 

designing applications targeted for compatible mobile handsets, tablets and 

entertainment systems (Google TV). These tools include: 

 debugging tool called the Dalvik Debug Monitor Server (DDMS),  

 a command line tool called the Android Debug Bridge (adb) that lets 

developers communicate with an emulator instance or a USB 

connected Android device,  

 a built in emulator which is a virtual mobile device that runs on 

computer,  

 optimized libraries,  
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 logger,  

 documentation,  

 sample applications,  

 device drivers to allow applications run on Android-powered phones. 

 

6.1.1.2 Eclipse IDE Plug-ins 

 We used Eclipse IDE Helios v 3.6.2 with the Android Development Tools 

(ADT) [50] and Subclipse [51] plug-ins. The ADT plug-in extends the capabilities of 

Eclipse by providing an integrated environment to allow developing and running 

applications from within the Eclipse. It also let us debug applications using the 

Android SDK tools. Since Eclipse is preferred by many Java developers for years, 

ADT plug-in for Eclipse has incredibly benefited the development process. Subclipse 

is plug-in to support subversion with in Eclipse IDE. It let us commit changes 

through a simple user interface to our workspace hosted at Assembla repository. 

6.1.1.3 Smultron 

 Smultron [52] is an open-source simple text editor that we used for web 

programming and script editing. It supports colored syntax highlighting for many 

languages, PHP and HTML in our case. We found that using Dreamweaver would be 

overkill for us, and its free trial can last only for 30 days.  

6.1.1.4 Other Open-Source tools 
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 Besides the above-mentioned necessary tools, we also used a variety of open-

source tools to assist developing our application. These include, but not limited to, 

flot library, DroidDraw [53] which is a web-based application to build Android 

graphical layouts and import them as XML files.  

6.1.2 Hardware 

 Mac: Mac OS X v10.6.8, Intel Core 2 Duo 3.06 GHz, 4 GB RAM, Java 

v1.6.0_26 from Apple Inc.,  

 Android Phone: T-Mobile myTouch 3G with Android OS v1.6 

(Cupcake) [54], ARCHOS 28 internet tablet with Android OS v2.2 

(Froyo) [55] 

 Network environment: Wi-Fi IEEE 802.11, 3G, EDGE (2G) 

6.2 Software Development Effort Estimation (Code Size) 

 The ability to accurately estimate the size and effort of a software 

development project is crucial to project success. One-way of estimating the effort 

required to develop a software system is by estimating the size of a software 

development project. We use Eclipse plug-ins to count SCLOs. 

 We are not counting SLOC generated by the Android platform for us for e.g. 

some XML layouts, R.java etc. 
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Table 1 WiFi-Med Code size 

6.3 Common Issues 

 We have encountered a few implementation-specific problems on frequent 

basis during the development of WiFi-Med. Some of them are discussed briefly with 

their respective solution(s). As of now, we never experienced a showstopper bug that 

halted the progress for a long time.  

6.3.1 AVD (Emulator) Startup Time  

 It is important to mention here that Android SDK do not have exceptional 

hardware requirements. However, Android SDK emulator start fairly slow and this 

wastes a lot of development time when debugging a single feature requires multiple 

boot-up of the emulator.  

assets: SLOC 

flot.html, 103 

temperature.html  54 

  drawable: 
 capsule.xml, 12 

doc.xml, 12 

folder.xml, 12 

heart.xml, 12 

ic_tabs_inbox.xml, 9 

ic_tabs_monitor.xml, 9 

ic_tabs_profile.xml, 9 

syringe.xml, 12 

temp.xml, 12 

tube.xml  12 
 

 
  
  
  
  
  
  
  

  
  
  
  
  
  

 

 

  

  

  

  

  

  

  

  

   

    

    

   

layout: SLOC 

avgtemp_layout.xml, 20 

blood_entering.xml, 40 

blood_pressure.xml, 103 

ecg_layout.xml, 26 

jsonpost.xml, 26 

main.xml, 25 

monitoring_layout.xml, 143 

temp_layout.xml  138 

menu: 
 blood_pressu_menu.xml, 11 

temp_menu.xml 11 

values: 
 strings.xml 25 

Total: 1891 
 

 
  
  
  
  
  
  
  

  
  
  
  
  
  
  
  

 

 
  
  
  

  
  
  
  
  
  
  
  
  
   

    

    

   

Java Classes SLOC 

  APT_Health.java, 66 

AvgTemp.java, 115 

BloodDataEntering.java, 138 

BloodPressure.java, 71 

BloodReading.java, 33 

ECGGraph.java, 156 

Inbox.java, 17 

Jsonify.java,  100 

JsonPost.java, 155 

Monitoring.java, 62 

Profile.java, 62 

Temperature.java  80 
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 There are a couple of ways to solve this issue instead of waiting for official 

updates from Android SDK providers. One way is to save the state of the AVD 

(Emulator). One has to enable “Snapshot” while creating a new AVD or enable it by 

editing already existing AVDs. Then later launch emulator from the snapshot. This 

will let one start emulator instantly. 

 In addition, it is recommended to increase the Device RAM Size, which results 

in very fast emulator. 

 Another way around to this problem is to use a third party emulator called 

Android-x86 [56], which is a lot faster comparing to Android SDK‟s AVD.  

6.3.2 Null Pointer Exception (NPE) 

 NPE usually occur when an application try to use a reference that points to 

null instead of an object. 

 NPE while creating Android project are common whenever we are initializing 

some variable or creating an object. Always first, check for the existence of the 

particular object or field before attempting to read it elsewhere in the code. 

 Another instance was using some layout view that was not declared in xml 

when we try to set it in context.  

For example; 
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Button button = (Button) findViewById(R.id.btnSave) is returning a 

null when btnSave doesn‟t exist in XML. Similarly, setting the view before using 

setContentView() can result in NPE.  

 To prevent NPE, we used Try-Catch blocks. This allowed us to separate main 

code from error-handling code. Thus making it easier to maintain and debug the 

code. 

6.3.3 Register New Activities in the manifest 

 One of the most commonly encountered issues was forget to register activity 

in the AndroidManifest.xml. It is a very common mistake for starters. 

 Sometimes refactoring/renaming class names in Eclipse IDE will not be 

automatically reflected in the AndroidManifest.xml. Unless we change it manually, 

this will break the application with a “force close” error.  

6.3.4 Miscellaneous pointers and information for Android 

Starters 

 XML file names must contain only [a-z0-9_.] 

 In order to properly manage database references, handle them as part 

of Activity lifecycle. 

 DDMS is an extremely helpful tool when it comes to debugging an 

Android application. However, sometimes it was convenient to use a 
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Toast object to display info about particular state of data during 

runtime. 

 Use stacktrace in a LogCat [57] window of Eclipse whenever application 

crashes. 

 Application Not Responding (ANR) triggers whenever application 

blocks in some I/O operation usually during network access. This can 

be avoided by only having methods in the main thread that do little 

work. For instance when setting up Activity life-cycle using 

onCreate() method. 

 Renaming class file names will not change activity names declared in 

XML. One has to manually edit XML files to reflect changes. 

 Eclipse sometimes incorrectly generate R.java file. This can be taken 

care by cleaning the project and making sure we do not have imported 

Android R.* statements. In addition, target build and layout XML 

should use same level of Android API. 
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Chapter 7 

Testing and Evaluation 

 

 In order to validate and verify the quality of WiFi-Med, we devised some test 

plans and routines. Software testing for WiFi-Med was scaled back because of the 

limited development time, steep learning curve of the Android platform and a large 

number of integrated components of WiFi-Med. We adopted a test strategy involving 

functional and end-to-end testing, which helped us rule out a few software bugs due 

to design errors.  

 The Android SDK provides a set of powerful integrated and testing tools in 

order to set up and run testing applications. These tools include:  

 Android testing API (similar to JUnit API [58]) 

 a debugging tool called the Dalvik Debug Monitor Server (DDMS),  

 a command line tool called the Android Debug Bridge (adb) that allows 

communication with an emulator instance or a USB connected Android 

device,  

 a built in emulator which is a virtual mobile device that runs on computer,  

 logger,  

 documentation,  

 sample test applications,  
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 device drivers that allow applications to run on Android-powered phones. 

 

7.1 Testing User Interfaces 

 The Android UI framework is built around the Model-View-Controller (MVC) 

architecture. Android UI creation uses layouts, resources, activities and intents, and 

is an implementation of the MVC pattern. 

 Android UI framework‟s graphical portion, called View, is implemented as a 

tree of subclasses. It starts with a rectangular area that we know as a screen or a 

window and fill it with various elements as it traverses down the View tree. These 

elements, or View objects, are instantiated at run-time. 

 Layout elements can be drawn by dragging and dropping widgets onto 

Graphical Layout canvases of the XML file, or they can be explicitly defined by 

providing XML code for each element. This gives advanced developers more 

flexibility in terms of customization. 

 We performed most of the user interface testing using the DroidDraw [59]. 

DroidDraw is a third party open-source lightweight program that lets developers 

format their application layouts needs. It lets users simply draw GUI elements by 

providing a non-exhaustive list of options, and in return generating underlying XML 

code. Instead of designing our XML layouts using DroidDraw, we used it as a 

reference for validating various UI elements. We tweaked various View objects (GUI 
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elements) and observed the resultant output, which we later compared to our 

original XML code. 

7.2 Stress Testing 

 In order to conduct failure assessment of WiFi-Med app, we performed stress 

testing to determine its accuracy, reliability and robustness.  

 Android SDK provides a Monkey tool [60] that can be used to perform stress 

testing. The name of the tool was inspired by infinite monkey theorem [61]. It runs on 

the emulator or an actual Android-compatible device, and it generates pseudo-

random sequences of events, such as clicks, to the application via the ADB 

command-line interface.  

 We used this tool for stress testing our application by generating 1500 

streams of random events that included a variety of arguments. These arguments 

ranged from screen transitions, scrolling of windows, activities navigation, clicks of 

buttons and so forth. Stress testing was performed for WiFi-Med on both the 

emulator and the phone. 

 After successfully conducting stress testing, we found no unexpected system 

crash or freeze, unhandled exceptions or ANRs.  

7.3 Web Application Testing 

 Since we are using a hybrid mobile application approach, WiFi-Med has many 

hybrid components, such as web pages that cannot be tested using any of the tools 
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provided by Android SDK. We are used Selenium [62] to test web pages such as user 

profile. Selenium is a software testing framework for web applications which can be 

integrated with Firefox [63] browser as an add-on. It provides an easy-to-use record-

playback tool without any need of writing further code to perform unit testing. Once 

an action as simple as typing is recorded, it can be played multiple times to test 

robustness of the software. Selenium is dependent on Firebug [64], which is also an 

add-on for Firefox.  

  

 

 

 

 

 

 

 

 

 

Fig 29 User Profile designed using PHP and HTML 
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Chapter 8 

Future Work 

 

This chapter will discuss some future plans and explore new features for 

WiFi-Med. 

8.1 Interface of Biosensors with Android-Compatible 

Handset 

 The prototype for this thesis was scaled back; it excluded interfacing actual 

biosensors with Android-compatible handset and focused on Android application. 

Since the goal of this project is to eventually build the product, additional work is 

needed regarding hardware. 

 We eventually plan to use actual health data obtained from users in real-time 

instead of sample data sets. This can be achieved by interfacing actual wireless 

biosensors with wireless channel of Android-compatible handsets. We have looked 

into a couple of implementations and are currently interested in achieving this by 

using a few wireless chipsets manufactured by TI such as EZ430-RF2500 [65], 

EZ430-Chronos [66], CC2567-PAN1327ANT-BTKIT [67], and EZ430-RF2560 [68].  

More updates on this will be posted on the project website. 
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 One of the key areas for future work is to implement an underlying network 

by researching a wide range of WSN protocols. Once an optimized protocol is 

selected, a scaled down implementation can help manage various biosensors 

connected to Android-compatible handset.  

8.2 Extending Functionality of Android Application 

 The WiFi-Med application can be improved and extended by adding new 

features that build upon and compliment the current functionality. In addition to 

ECG monitoring, temperature monitoring and blood pressure recordkeeping, sleep 

monitoring can be added as another health monitoring service. This will allow users 

to keep track of their sleeping habits and help those suffering from insomnia. For 

example, Zeo [69] aggregates sleep cycles data by wirelessly interfacing a headband 

and base-station. Base-station stores data on a SD card, which can be uploaded to a 

dedicated website. However, in our interest, Zeo provides an API [69] that will allow 

full access to sleep records.  

 Nutrition tracking is another feature that we would like to add to the WiFi-

Med app. This feature would allow users to keep track of their daily caloric intake 

and in return, get feedback based on the entered data. 

 We would like to explore a messaging center feature that will allow remote 

interaction of WiFi-Med app with a server side app. This will help users stay updated 

about any alerts raised by the assigned physicians. We need a service that can push 

information from a server to the Android device. This can be achieved by Android 
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Cloud to Device Messaging (C2DM) [70] or any other similar cloud-to-device 

messaging framework.  

8.3 Server-Side Web Application 

 We are also planning to develop a server side web-application that will 

perform statistical analyses on uploaded data from the Android application. This 

application will forward important trends to assigned physicians or technicians and 

alert users about them.  

 In order to achieve this, we use open source tools like Drupal content 

management system (CMS) [71], Django Web Framework [72] or Goggle web-tool kit 

(GWT) [73]. These open source tools can provide the same functionality as any other 

proprietary software. Furthermore, an API can be made available to allow multi-

integration with various smartphone platforms (Symbian, iOS, WebOS, Windows 

Mobile etc) and web platforms. Users can also cross-link their accounts with social 

networking websites like Facebook to share their medical progress with family and 

friends. 

8.4 Case Studies 

 Finally, we would like to conduct exploratory case studies in order to quantify 

successful implementation of WiFi-Med. This can help us directly connect with 

prospective users and help understand various metrics of our system, such as 

usability, scalability, performance etc. 
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8.5 Testing and Evaluation 

 Software testing for WiFi-Med was scaled back because of the limited 

development time, learning curve of the Android platform and the large number of 

integrated components of WiFi-Med.  

We would like to independently unit test and validate all the supporting 

classes in the WiFi-Med package. These supporting classes are designed to provide 

reusable functionalities such as parsing JSON results, creating JSON objects, and 

database helper and adapter classes. We are also interested in using Robotium [74] 

and Roboelectric [75]. Both of these are open source unit testing frameworks. 

Robotium claims to provide better functionality than Android Testing Framework, 

for some testing instances. For e.g. it runs tests directly on computer‟s JVM instead 

of Android emulator due to emulator slow response. 

Once we have an operating model of biosensors interfaced with an Android 

powered phone, we would like to perform field testing of WiFi-Med in real life 

scenarios. Field testing can reveal some interesting insights that might not be 

possible through a simulated environment. 

8.6 Other Work 

 We can skip the database retrieval step and directly post JSON object as soon 

as the user is done entering blood pressure data. However, as part of the future work, 

we plan to implement a background service that will aggregate substantial data from 

various components of the application, and send it in one network session as 
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opposed to multiple sessions. This can prove cost effective in terms of network 

operations. For example, we can utilize less 3G bandwidth since most of carriers are 

transitioning to limited data plans, and we can reduce server load.  

 Depending on the sampling rate, recording over the last 24 hours can result in 

gigabytes of storage of data. Because of the limited internal and external memory of 

Android handsets, we cannot store snapshots of ECG data after several days. 

However, monitored ECG data is very crucial for further analysis and future 

references. Instead of storing the entire cardiac activity for the past 24 hours, or a 

few more days natively on the phone, we will send the data to a remote server for 

storing after every two hours. 
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Chapter 9 

Conclusion 

 

Technology is a great enabler. Throughout time, there have been extensive 

technological breakthroughs. Cellphones have become a lot smaller over the years. 

Not only have they shrunk to the size of a credit card, but they have also become 

more intelligent. Similarly, health monitoring devices, such as the Holter ECG 

monitor [76] have gradually decreased to the size of a band-aid [3]. It was not very 

long ago when a bathroom scale was the only gadget available to track weight loss.  

As wireless biosensors continue to evolve side by side with mobile handheld 

devices, they will become capable of collecting quantitative data and then showing us 

a qualitative result.  More data means more research results. Under the consent of 

the user, aggregated physiological data can be contributed to the vast reservoir of 

epidemiological data to assist the ongoing scientific research, such as Human 

Genome Project (HGP) [77] 

We have developed a novel mobile application on the Android platform, 

which demonstrates how to monitor aggregated health data using a smartphone. In 

our implementation, we have further shown how limited analyses of health data are 

performed by extending an aesthetically appealing UI. We evaluated the inclusion of 
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the Android platform for WiFi-Med, and further demonstrated the robustness of 

WiFi-Med by testing various components of the application.  

One might be skeptical about the implementation of this whole system. The 

latest influx of smartphones has changed our perception and acceptance of 

technology. We are more willing to adopt a gadget into our daily lives. Smartphones 

have become an integral part of our life; therefore, why not utilize them in a way that 

proves advantageous? This is achieved through monitoring our vital signs, such as 

heart rhythm, blood pressure and body temperature. This variable can fit perfectly 

into the complex equation of our busy lives. So many of us use our smartphones to 

check email and other things we deem important because it is so easily accessible.  

Why should we not have such an easily accessible, health conscious feature that 

allows for the checking of vital signs?  



83 
 

Bibliography 

                                    
1 X. Y. Hong, K. X. Xu, and M. Gerla, “Scalable Routing Protocols for Mobile Ad Hoc 
 
2 Mayo Clinic. (2011, May) Holter monitor. [Online]. 
http://www.mayoclinic.com/health/holter-monitor/MY00577 

3 iRythm. (2011, May) Zio Patch. [Online]. http://www.irhythmtech.com/zio-solution/zio-
patch/ 

4 Corventis. (2011, May) NUVANT: Mobile Cardiac Telemetry (MCT) System. [Online]. 
http://www.corventis.com/us/nuvant.asp 

5 Nike+iPod Sport Kit. (2011, May) http://www.apple.com/ipod/nike/ 
 
6 Zeo. (2011, May) What is Zeo?  http://whatiszeo3.myzeo.com/hp/3/whatiszeo.php 
 
7 Nielsen: 28 Percent of U.S. Wireless Users Have Smartphones. (2010, November)   
http://www.pcmag.com/article2/0,2817,2371907,00.asp 
 

8 Wi-Fi Alliance. (2011, June) . [Online]. http://www.wi-fi.org/ 

9 Bluetoot.org. (2011, June) . [Online]. http://www.bluetooth.com 

10 Church TS, Thomas DM, Tudor-Locke C, Katzmarzyk PT, Earnest CP, et al. 2011 Trends 
over 5 Decades in U.S. Occupation-Related Physical Activity and Their Associations with 
Obesity. PLoS ONE 6(5): e19657. doi:10.1371/journal.pone.0019657 

11 Xu JQ, Kochanek KD, Murphy SL, Tejada-Vera B. Deaths: final data for 2007. National 
Vital Statistics Reports 2010;58(19). 
 
12 C. Park, P. H. Chou, Y. Bai, R. Matthews, and A. Hibbs, "An ultra-wearable, wireless, low 
power ECG monitoring system", IEEE Biomedical Circuits and Systems Conference, 2006.  
 
13 C Otto, A Milenkovic, C Sanders, E Jovanov, System Architecture of a Wireless Body Area 
Sensor Network for Ubiquitous Health Monitoring, Journal of Mobile Multimedia, 2006. 
14 M. Nandish and M. Mistry. miniecg-Hand-handled mobile ECG monitoring Device for 
post cardiac arrest patients (2011, June). [Online].   http://code.google.com/p/miniecg/ 
 
15 B. Lo, S. Thiemjarus, R. King, and G.Z. Yang. Body sensor network- a wireless sensor 
platform for pervasive healthcare monitoring. In Adjunct Proceedings of the 3rd 
International Conference on Pervasive Computing, May 2005. 
 

16 ZigBee Alliance. (2011, June) Understanding ZigBee  . [Online]. http://www.zigbee.org/ 

http://www.apple.com/ipod/nike/
http://whatiszeo3.myzeo.com/hp/3/whatiszeo.php
http://www.pcmag.com/article2/0,2817,2371907,00.asp
http://code.google.com/p/miniecg/


84 
 

                                                                                                             
17M. Altini, J. Penders and H. Roebbers, "An Android-Based Body Area Network Gateway for 
Mobile Health Applications", Wireless Health „10, October 5-7, 2010. 
 
18 Teo, H., Tan, W., T., Gopalakrishnan, K., P., Phay., V., and Shwe, M., 2008. Wireless 
health monitoring system for home. World Academy of Science, Engineering and 
Technology 42. 
 
19 http://www.sdcard.org/ 
 

20 Texas Intruments Inc. (2011, May) 16-Bit Ultra-Low Power MSP430™ Microcontrollers. 
[Online]. http://www.ti.com/msp430 

21 AliveCOr. (2011, July) . [Online]. http://alivecor.com/ 

22 Open Handset Alliance. (2011, May) Android. [Online]. 
http://www.openhandsetalliance.com/android_overview.html 

23 Google Inc. (2011, May) Google TV. [Online]. http://www.google.com/tv/features.html 

24 Android Developers. (2011, May) What is Android?. [Online]. 
http://developer.android.com/guide/basics/what-is-android.html 

25 Marjorie Richardson. Linux Journal. (2011, June) Interview: Linus Torvalds. [Online]. 
http://www.linuxjournal.com/article/3655  

26 WebKit.org. (2011, May) The WebKit Open Source Project. [Online]. 
http://www.webkit.org/ 

27 Sqlite.org. (2011, May) SQLite . [Online]. http://www.sqlite.org/speed.html 

28 Ed Burnette. Hello, Android Introducing Google‟s Mobile Development Platform, 2nd 
Edition. 
29 Apple Inc. (2011, June) iOS Developer Library. [Online]. 
http://developer.apple.com/library/ios/#documentation/userexperience/conceptual/mobil
ehig/Introduction/Introduction.html#//apple_ref/doc/uid/TP40006556-CH1-SW1 

30 jQuery. (2011, June) jQuery Mobile. [Online]. http://jquerymobile.com/ 

31 Json.org. (2011, June) Introducing JSON. [Online]. http://www.json.org/ 

32 W3C. (2011, June) Extensible Markup Language (XML) 1.0 (Fifth Edition). [Online]. 
http://www.w3.org/TR/REC-xml/ 

33 PhoneGap. (2011, June) . [Online]. http://www.phonegap.com/ 

34 Appcelerator. (2011, June) Titanium Studio. [Online]. 
http://www.appcelerator.com/products/titanium-studio/ 

35 Engadget.com. (2011, May) Kingmax flaunts world's first 64GB microSD card. [Online]. 
http://www.engadget.com/2011/05/26/kingmax-flaunts-worlds-first-64gb-microsd-card/ 

http://www.sdcard.org/


85 
 

                                                                                                             
36 SQLite.org. (2011, June) Well-Known Users of SQLite. [Online]. 
http://www.sqlite.org/famous.html 

37 Corventis. (2011,  July) NUVANT® Mobile Cardiac Telemetry (MCT) System. [Online]. 
http://corventis.com/us/nuvant.asp 
 
38 PhysioNet. (2011,  May) MIT-BIH Normal Sinus Rhythm Database (nsrdb). [Online]. 
http://www.physionet.org/cgi-bin/atm/ATM 
 

39 Google Inc. (2011, May) flot: Attractive Javascript plotting for jQuery. [Online]. 
http://code.google.com/p/flot/ 

40 W3C. (2011, May) HTML5. [Online]. http://www.w3.org/TR/html5/the-canvas-
element.html 

41 Mayo Clinic. (2011, June) Perspectives on the Evolution of Therapy for Atrial Fibrillation. 
[Online]. http://www.mayoclinic.org/medicalprofs/atrial-fibrillation.html 

42 Mayo Clinic. (2011, June) Atrial fibrillation. [Online]. 
http://www.mayoclinic.com/health/atrial-fibrillation/DS00291 

43 Clifford G D, Azuaje F and McSharry P E (ed) 2006 Advanced Methods and Tools for ECG 
Data Analysis (Boston: Artech House) 
 

44 Centers for Disease Control and Prevention. (2011, June) High Blood Pressure Facts. 
[Online]. http://www.cdc.gov/bloodpressure/facts.htm 

45 Mayo Clicnic. (2011, June) Blood pressure chart: What your reading means. [Online]. 
http://www.mayoclinic.com/health/blood-pressure/HI00043 

46 bodybugg. (2011, June) . [Online]. http://www.bodybugg.com/ 

47 Assembla. (2011, June) . [Online]. http://www.assembla.com/ 

48 Tigris.org. (2011, June) Subversion. [Online]. http://subversion.tigris.org/ 

49 Git. (2011, June) . [Online]. http://git-scm.com/ 

50 (2011, June) . [Online]. http://developer.android.com/sdk/eclipse-adt.html 
 
51 (2011, June) . [Online]. http://subclipse.tigris.org/wiki/PluginFAQ 
 
52 (2011, June) . [Online]. http://itunes.apple.com/us/app/smultron/id408831307?mt=12 
 
53 (2011,  July).  http://www.droiddraw.org/ 
 
54 (2011,  July). http://www.htc.com/us/products/t-mobile-mytouch-3g/#tech-specs 
 

http://corventis.com/us/nuvant.asp
http://developer.android.com/sdk/eclipse-adt.html
http://subclipse.tigris.org/wiki/PluginFAQ
http://itunes.apple.com/us/app/smultron/id408831307?mt=12
http://www.droiddraw.org/


86 
 

                                                                                                             
55 (2011,  July). 
http://www.archos.com/products/ta/archos_28it/index.html?country=gb&lang=en 
 
56 (2011,  July). http://www.android-x86.org/download 
 
57 (2011,  July). http://developer.android.com/guide/developing/tools/logcat.html 
 
58 (2011, June) . [Online]. http://junit.sourceforge.net/ 
 
59 (2011, June) . [Online]. http://www.droiddraw.org/ 
 
60 (2011,  July). http://developer.android.com/guide/developing/tools/monkey.html 
 
61 (2011,  July). http://en.wikipedia.org/wiki/Infinite_monkey_theorem 
62 (2011,  July). http://seleniumhq.org/ 
 
63 (2011,  July). http://www.mozilla.com/firefox/fx/ 
 
64 (2011,  July). http://getfirebug.com/ 
 

65 Texas Instruments Inc. (2011, June) MSP430 Wireless Development Tool. [Online]. 
http://focus.ti.com/docs/toolsw/folders/print/ez430-rf2500.html#BVRRWidgetID 

66 Texas Instruments Inc. (2011, June) EZ430-Chronos. [Online]. 
http://processors.wiki.ti.com/index.php/EZ430-Chronos 

67 Texas Instruments Inc. (2011, June) ANT + Bluetooth Health and Fitness Aggregator Kit. 
[Online]. http://focus.ti.com/docs/toolsw/folders/print/cc2567-pan1327ant-btkit.html 

68 Texas Instruments Inc. (2011, June) EZ430-RF2560 Bluetooth Evaluation Tool. [Online]. 
http://focus.ti.com/docs/toolsw/folders/print/ez430-rf2560.html 

69 myZeo. (2011, July) . [Online]. http://mysleep.myzeo.com/api/api.shtml 

70 Google Code. (2011, June) Android Cloud to Device Messaging Framework. [Online]. 
http://code.google.com/android/c2dm/ 

71 Drupal. (2011, June) . [Online]. http://drupal.org/ 

72 Django. (2011, June) . [Online]. https://www.djangoproject.com/ 

73 Google Code. (2011, June) Google Web Toolkit. [Online]. 
http://code.google.com/webtoolkit/ 

74 Google Code. (2011, June) robotium. [Online]. http://code.google.com/p/robotium/ 

75 Github. (2011, June) Robolectric: Test-Drive Your Android Code. [Online]. 
http://pivotal.github.com/robolectric/ 

http://www.android-x86.org/download
http://en.wikipedia.org/wiki/Infinite_monkey_theorem


87 
 

                                                                                                             
76 Mayo Clinic. (2011, May) Holter monitor. [Online]. 
http://www.mayoclinic.com/health/holter-monitor/MY00577 

77 U.S. Department of Energy and the National Institutes of Health. (2011, July) Human 
Genome Project. [Online]. 
http://www.ornl.gov/sci/techresources/Human_Genome/home.shtml 

 




