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Abstract 

Android is a fast growing platform with a lot of users and applications on the market. 

In order to challenge the competition, a new software product should be designed 

carefully, conforming to the platform constraints and conveying to the user 

expectations. This research focuses on defining a suitable architecture design for the 

specific use case of interest, an Android application focused on location based data. 

The research process is backed up by a prototype application construction with 

features such as location based reminders and mobile communication with web 

services. Moreover, an analysis has been conducted on existing products with the 

proven quality, to extract information on current best practice implementations of 

several interesting features. Furthermore, the demand for targeting multiple platforms 

with the same application motivated a research on portability and reuse of code 

among different platforms. The constructed system is divided into a client-server pair. 

Opposite to the client (mobile) side, the server side analyzes the process of 

extending an existing architecture by integrating it with a web service project used for 

exchanging data with the mobile devices. Finally, the thesis is not strictly constrained 

to the given use case because it presents several general concepts of application 

design through architectural and design patterns. 

Keywords: Android, location-based features, spatial data, SOAP, architectural and 

design patterns, web service, cross-platform code generation.  
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1 Introduction 
The process of designing an application usually depends on several factors, but it is 

mainly restricted by a choice of problem it tries to solve. Therefore, a best way to 

design an application in general does not exist. Choosing the architecture and 

components is greatly affected by prior knowledge of the developer and technologies 

used throughout the career. The will to explore the Android platform made me want 

to dig into the problem of developing Android applications with high quality. First of 

all, there was the need of defining which characteristics of Android applications 

define the quality of an application, while keeping the focus of the thesis on location 

based data. The main reason why Android was chosen stands in the fact that 

Android is an open source project and that it evolves very fast [13], it has a good 

support for developers and a wide community of users discussing development 

problems on a daily basis. The research was based on analyzing the development 

process of a system, which is divided into a client (mobile application) and server 

(web services) side. 

A typical use case that presents the problem of the thesis would be designing a 

proactive mobile application that works with real-time dynamic data by 

communicating with web services. The user would be able to search for facilities in 

the vicinity and schedule proximity alerts when entering or exiting an area of interest. 

Therefore, one of the main focuses is the analysis of location reminders which work 

in background, notifying the user when a specified condition is met. Additionally, the 

system should be able to work with rich data, meaning that it should be able to 

exchange primitive data types, complex data (custom objects) and images. 

Furthermore, to be able to analyze the problem thoroughly, the thematic had to be 

divided into several areas of interest regarding different development phases. First of 

all the data model had to be defined, meaning that the domain is understood and it 

can be transformed to a model representation. Several potential improvements are 

presented for the model, resulting in a semantically richer model. Additionally, 

enhancements are suggested for enabling more robust data handling in the 

database, thus providing useful guidelines for describing any data model in general.  

Once the data model was defined, the main point of focus moved to the research of 

the Android platform. Since there is a big competition among applications on the 

Android market, top rated applications are pushing their quality to the maximum to 

stay in play. Therefore, studying those applications and their behavior was highly 

beneficial. It was interesting to research how a chosen set of applications address 

common tasks in mobile application development. Furthermore, several features 

were analyzed for each application and interesting discoveries came up: different 

types of image-caching in special situations; usage of Google Analytics in mobile 

applications with the purpose of gathering usage statistics; and collecting bug 

reports, as the most interesting one. Additionally, the research targeted different 

aspects of the platform, ranging from the platform architecture itself, to specific parts 

of the platform like built-in services. A mobile application prototype had to be 
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implemented with regard to the set of platform constraints. Moreover, a vast set of 

features was taken into consideration, starting with client-server communication, 

fetching text data from the server, image handling from the server, work with local 

data storage, usage and displaying of geo-data, scheduling proximity alerts and lastly 

user interface design guidelines. All of these features are required for implementing 

the previously presented use case and are therefore analyzed in detail. 

Extending existing systems is potentially a complex process. The web service project 

is integrated into an existing system, sharing the same base architecture and 

providing a distinct top level part where requests are handled. The architecture of the 

server-side system is described together with a variety of software patterns used in 

the implementation. In consequence of following many established principals, the 

architecture is very robust. Several issues are covered, such as interface and circular 

reference serialization in XML and also image storing. 

An always present problem in software development is the question of code reuse 

and portability among different platforms. Writing the same code in different 

languages is error prone, time consuming and discouraging for the developer. To 

address this problem, a set of tools is presented which are using cross-platform code 

generation and adapted variations of this approach. 

Client-server systems are not easy to debug so some problems were encountered 

during the implementation of the prototype that slowed the development. A couple of 

useful tips, gained from experience in implementing the underlying system, are 

shared with the reader in this report. 

Finally, some recommendations for future work are presented. Their purpose is to 

point out the possible alternatives and improvements to the previously described 

concepts.  

Analysis of the vast amount of questions resulted in many concrete answers, 

providing the reader with a good insight into a development process of this type. 

Many features are covered, describing how they affect the architecture design and 

which modifications are required to make the system function properly. This report 

could be used as a reference for finding out a way of implementing a certain feature 

with an accompanying discussion on the topic, showing why the specific approach 

was used, based on the undertaken research. A great amount of valuable information 

from research on competitive applications, provided insight into the existing trends on 

the market and best practices which most definitely produced good ideas for the 

current and future architecture specification. Finally, a dive into reuse and portability 

of code drove me to an amazing discovery of a set of tools for cross-platform code 

generation, enabling the developer to write code once and use it on multiple 

platforms. This approach is interesting, indeed, especially for web developers 

because a lot of these tools are based on web technologies. 
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1.1 Technical Constraints 
This section lists the technologies previously decided to be used in the development 

process. Since the Smartphone prototype was developed as a part of an industrial 

scenario, limitations in the development process existed prior to the start of this 

thesis. The limitations are focused at the development of web services which had to 

be built using the technologies presented below. 

 Mobile application: 
o Android platform 
o Eclipse 
o Java programming language 
o SOAP communication (ksoap2 library) 

 Web services: 
o .NET 4.0 
o Visual studio 2010 
o C# programming language 
o Integrated SOAP support into web services 
o FTP for pictures 

The technical constraints for the Android platform are described in section 6. 

Specifically section 6.1 presents the Android platform and section 6.4 SOAP 

communication.  

The technical constraints for the Web service part of the system are based on the 

.NET 4.0 framework. It is a software framework that primarily targets the Windows 

platform and it is used to ease the process of creating application for that platform. 

Additionally, picture storing on FTP server is described in section 7.1.2.2.  

Eclipse and Visual studio 2010 are integrated development environments, used in 

the thesis to develop Android applications and web services, respectively. The 

Android application is developed using the Java programming language while the 

web services are developed using C#.  
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2 Problem formulation 
In this section a high-level formulation of the problem is presented by dividing it into 

three parts.  

First part of the problem is how to design an Android application that will stand out 

from other applications with its quality. 

 Design for performance  

 Design for memory efficiency  

 Design for simplicity  

 Design for geo locations and usage of spatial data 

 Design communication 

Second part of the problem is how to design a .NET web service that will get the 

requested data from the database and satisfy the following design guidelines: 

 Design for flexibility  

 Design for extendibility  

 Design for robustness  

 Design for security 

Third part of the problem is a comparison of existing software on the market that 

works in a similar area of interest and analysis of its features. This kind of approach 

implies awareness of the applications that other developers produce. A portability 

and reusability study of produced code to other platforms (iOS [48], Windows Mobile 

[43], BlackBerry [49]) is included, too.  
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3 Identifying characteristics of the problem 
This section introduces specific details of the problem formulation by providing a 

hierarchical breakdown. The problem is divided into several sections. Each section 

represents a distinct part of design work that covers an important part of the 

workflow/dataflow process. 

3.1 Research on related projects 

This sub-section focuses on identifying several features of different Android 

applications of interest for the thesis. It examines the following research questions: 

 How to get access to the system partition for analysis of data that is stored in 

the application private folder? 

 How do the analyzed applications store their data (sensitive / non-sensitive)? 

 What kind of image storing techniques exists on the Android platform? 

 Are the applications following the preferred UI guidelines? 

 Why should a developer use Google Analytics in Android software 

development? 

Section 5 analyzes the previously stated thematic. 

3.2 Mobile application design 

Mobile application design sub-section classifies the main characteristics of designing 

Android software. 

The following is the set of research questions determining this challenge: 

 What are the main components of an Android application? 

 What kind of architecture should be used to get the best of these 

components? 

 Synchronous or asynchronous work mode? 

 Where should different local data be stored?  

 How should communication with web services be handled? 

 Are there any constraints in the communication with the server? 

 What are the security concerns? 

 Where to look for out of memory leaks? How to prevent leaks? 

 How to improve performance? 

 In which way can we use the location data? 

 What parts of the platform provide native location based features? 

 What are the main advantages of that features? 

 What are the four guidelines that will get your Android application featured? 

 What are the existing user interface design guidelines? 

Section 6 covers the addressed issue. 
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3.3 Web service design 

This sub-section lists what should be the focus when developing the web service part 

of the project.  

The following research questions are important: 

 What kind of architecture is chosen? 

 How are the architecture layers interacting mutually? 

 What kind of software patterns could be applied on the architecture model to 

improve quality of code? 

 In which way are images retrieved from the server? 

 How are images stored on the server? 

 What kind of communication is used and why? 

Section 7 covers the previous questions. 

3.4 Data model 

This sub-section identifies the characteristics of creating the data model that matches 

the requirements of the system that is being built. 

This problem is defined as a set of following research questions: 

 What kind of data types shall be used? 

 In what relations are the data model entities? 

 How to keep track of users changing content of database tables 

(Create/Update/Delete)? 

 Should procedures be used and when?  

 When to use transactions in procedures? 

 Should the data be deleted or archived? 

Section 8 addresses these questions. 

3.5 Debugging 

This sub-section recognizes problems of debugging applications in a distributed 

environment.  

The following challenges are presented: 

 How to access an ASP.NET web service running on the local ASP.NET 

developer server from a remote mobile device for debugging purpose? 

 What other way of debugging could be set up for the previous problem? 

 In which way can multiple processes be debugged simultaneously, in Android, 

using Eclipse IDE? 

Section 9 focuses on this problematic. 
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3.6 Portability and reuse of code regarding other platforms 

This sub-section groups the challenges of code reuse and portability among several 

different mobile platforms. The next topics are discussed: 

 How can programming language dependent code be reused between different 

development platforms like web, desktop and mobile? 

 How can code be reused in general between different mobile platforms? 

 What tools exist addressing the problem in discussion? 

 What kind of support for native code usage has Android? 

Section 10 examines the previous topics. 
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4 Development method 
One way to choose a development model is by analyzing the requirements for the 

product. The requirements that were listed in the previous section required a wide 

knowledge about the different target platforms. This created a lot of questions but 

provided a small amount of answers in the beginning. 

One of the possible methods for approaching this problem is using an agile 

development method. Agile methods are reactive to requirement changes and enable 

the developer to adapt to evolving requirements [3]. The agile process is iterative and 

incremental. Some of the most important features are dedication to simplicity, 

business adaptability, frequent delivery, and customer feedback which sum up the 

needs of the mobile development process. The conclusion was that an agile method 

is needed for the development process. 

The model embraces prototyping and fast delivery of software. Since there is not 

much knowledge at the beginning about technologies, user requirements and how to 

build the product in general, the process is marked by a lot of refactoring. The 

discoveries in the development process may initiate requirement changes. Therefore 

the changes may result in taking improved approaches to resolving the problem. 

Finally it would result in quality increase of the product. The process is characterized 

by producing a lot of deliverables in short time frames and expanding knowledge in 

each iteration, therefore providing a fast learning curve.  
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5 Research on related projects 
To get a better understanding of how top rated location based products on the 

Android market are working, an analysis was performed. The analysis consisted of 

an overview of design features that selected applications implement and how they 

manipulate with sensitive data. 

In order to be able to access the data of interest, the smartphone had to be modified 

in the way that the common user could obtain “super user“ permissions for the 

device. These permissions allow the user to get access to the system partition data 

of the smartphone where the applications are installed and where sensitive data is 

kept. Additionally the “super user” permission allows the common user to install 

special applications that need to be granted with the same rights to be able to 

perform their tasks. One of these applications is AutoProxy which was used for 

rerouting all the network traffic to Burp [41] an intercepting proxy server for security 

testing of applications. 

The products listed in Table 1 were chosen because of their focus on location data. 

Several application features are described in the Table 1. 

Table 1: Analysis of design features 

Application 
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Foodspotting [19] Hard drive - + + + 

Trip advisor [20] Hard drive Search results on disk - + + 

Layar [21] In memory Webview cache on disk + + + 

Glympse [22] In memory Locations & messages + + - 

Foursquare [23] In memory User & friend details, places checked in + + + 

Stay.com [24] Hard drive Maps, location data - - - 

Broadcastr [25] In memory - + + + 
 

It was no surprise that all the applications execute their work asynchronously leaving 

the UI thread responsive and giving the user a feel of smoothness.  

Special interest of investigation was put into image caching mechanisms. All the 

applications that intensively work with images are storing them on the hard drive. 

This is done because they are working with a large amount of images that could 

cause memory problems if all are kept in memory. Except from caching images, the 
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applications cache other data that could be useful for the user in the future such as 

search results, auto-complete feature results, last seen location, user and friend 

details, places been to and descriptions of maps and locations. Such useful data can 

make the application “psychic” meaning that the application can previously fill some 

fields for the user, make recommendations to the user and enable the user to use the 

application faster and easier. Impact on hard drive storage space is usually not a 

problem because the data being cached is not big. Still, there are some special 

situations where it could become a problem. One example is the application 

Stay.com. The application is meant to work offline once the user downloads all the 

necessary data for the point of interest that is being searched. Therefore, once the 

user downloads the required data, it can be used offline and to save bandwidth. This 

kind of approach could download for example thirty mega-bytes of data for the point 

of interest which it stores on the system partition resulting in low storage space. 

The next step was to analyze if the applications are following the UI guidelines 

mentioned in section 6.6. Most of the applications do that except for Stay.com which 

needs a lot of improvement in all aspects of the application and Trip Advisor which 

uses mostly WebViews, browser like widgets. 

Every analyzed application is using Google Maps to display its content to the user. 

By analyzing network traffic a conclusion has been achieved, stating that all of the 

applications except Stay.com are at this moment using JSON (JavaScript object 

notation) as a lightweight data-interchange format. JSON is more lightweight than 

XML, which was used for the prototype built for this thesis and there for it is a better 

choice and should be used for further improvements if the exchange protocol in the 

prototype communication changes. 

Databases are used widely across the applications and some applications create 

multiple databases for storing different data such as session data, application data 

and Google analytics [17]. The last one was a particular surprise to see on a mobile 

device, since it is primarily used for keeping track of web application usage and 

navigation. It was interesting to see how it was adopted in the Smartphone field. The 

different usage characteristics and configuration setup are discussed here [17]. 

Setting up properly Google analytics can be really helpful for the developer to keep 

track of application usage and customer navigation habits. Additionally, bug reports 

can be collected, which can help optimize the application workflow process. 

The following part of this section analyzes the manipulation of sensitive data of each 

of the applications from Table 2. Sensitive data are usernames, passwords, session 

tokens and cookies. All of them are stored in plain text meaning that the data can be 

accessed after acquiring permissions to read the system partition. In this way the 

data stored in the “shared preferences” file can be potentially read, overwritten and 

misused. The proper way to store sensitive data would be to encrypt the data that is 

being stored to the “shared preferences” file. 
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Table 2: Sensitive data manipulation 

Application 

H
tt
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Se
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Foodspotting [19] 
Login 

facebook Password plain text 

Trip advisor [20] - Only session expiry data 

Layar [21] Login 
Token, password plain 

text 

Glympse [22] Login Token, expire time 

Foursquare [23] Login Token, id 

Stay.com [24] 
Login 

facebook Cookie 

Broadcastr [25] - Password plain text 
 

The set of compared applications analyzed in this section focus on the social aspect 

of Smartphone application usage. They put much effort into providing the user the 

possibility to interact with other users by uploading their content, rating and 

commenting other user’s choices. Finally the social aspect of the applications 

stimulates the communication and interaction between customers and in conjunction 

with location data can provide a great user experience. 
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6 Mobile  
First of all there is no best way for designing architecture for a mobile application 

because the approach and details of implementation can vary between projects and 

specific requirements. This section presents a research of how can known 

approaches (architectural patterns) be applied on top of the Android platform 

architecture prerequisites. Therefore, the multi tier architecture is analyzed on the 

prototype example as one of the natural approaches in designing applications in 

object oriented environment.  

The mobile section describes guidelines for designing quality mobile applications for 

the Android platform. It analyzes the main concerns regarding proper application 

work and what are the possible constraints in the development process. Since the 

architecture design of existing applications of interest is not public, the natural first 

step was to analyze how a known approach could be applied to resolve the design 

problem. Therefore a multi tier architectural pattern [8] was chosen because it 

separates logical parts of the application like presentation, business logic and data 

access. Furthermore, the section starts with an overview of Android and how is it 

structured. The following sections describe in detail the architecture of the prototype 

application. Common tasks like image handling and communication with web 

services are analyzed. Several useful libraries are described for improving quality of 

the development process and code simplicity. A special analysis is done on the 

location based functions available in Android and different techniques of working with 

geographical data are described. 

6.1 Android 

Android [9] is a software stack for mobile devices that includes an operating system, 

middleware and key applications. In other words it is composed of the following: 

 Free and open source operating system for mobile devices 

 Open source development platform for mobile applications 

 Devices, mostly Smartphone devices 

 Applications  
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Figure 1: Android system architecture [7] 

Figure 1 shows the high level architecture of the operating system. A top-down 

analysis of the different parts is provided in the following text. 

 Applications – The applications that Android supports can be divided into 

native and third-party applications. Native applications are the email client, 

SMS program, calendar, maps, browser, contacts and more. Both native and 

third-party applications are built on top of the same API libraries. The 

application layer uses the classes and services from the application framework 

to operate. Applications run in the Android runtime. 

 Application framework contains the needed classes and services for 

developing Android applications. It is an abstraction between the developer 

and the underlying hardware and it enables the developer to take control of 

system functions. The application framework contains a variety of managers 

that enable the applications to access data and system functions. The 

managers are: 

o Activity manager – manages the lifecycle of applications and provides a 

common navigation back stack. 

o Resource manager – providing access to non-code resources such as 

localized strings, graphics, and layout files. 

o Notification manager – enables all applications to display custom alerts 

in the status bar. 
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o Location manager – enables the developer to access the Android 

location service that runs in the background which can provide the user 

with periodic updates of the device's geographical location. This service 

can fire proximity alerts when the user enters or leaves a specified 

geographical location. 

o Package manager – used to retrieve data about installed packages on 

the device. Meaning which applications are currently installed.  

o Window manager – create views and layouts 

o Telephony manager - information about the telephony services on the 

device can be accessed. 

 Android runtime is the place where the user application is being executed. 

The application runs on top of the core libraries and the Dalvik virtual machine 

which is an Android virtual machine where processes are being executed. 

 Libraries are used by the Android system to provide native support for 

different tasks such as media playback, web browser support and 2D and 3D 

rendering. 

 At the bottom stands the Linux 2.6 kernel which is the core of the system. It 

provides process management, memory management, power management 

and drivers for using hardware like the camera, Wi-Fi etc. 

Each Android application runs in a separate process within its own Dalvik instance, 

leaving all responsibility for memory and process management to the Android run 

time, which stops and kills processes as necessary to manage resources. 

Each Dalvik instance has a predefined amount of memory that it can use. Heap size 

limits vary across devices. Currently used heap sizes and device models are listed 

below [10]. 

 G1: 16Mb 

 Droid: 24Mb 

 Nexus One: 32Mb 

 Xoom: 48Mb (tablet) 

The developer should take these facts into consideration while developing an 

application in order to avoid out of memory. An image editor for example would be a 

difficult application to build because it would need a lot of memory for image 

manipulation and applying effects. However, there is an option for building memory 

intense applications that enables the developer to use a larger heap. A parameter in 

the android manifest file called largeHeap should be set to true. This option should 

be used with caution because if the application allocates large amounts of memory 

other applications on the device will shutdown which could have negative 

consequences for the customer. 
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6.2 Mobile application architecture 

Before the mobile architecture is described a crucial development choice must be 

explained. Someone could ask the question why a mobile web application was not 

built instead of a native application. The answer is that mobile web applications (and 

mobile websites in general) cannot access platform specific features like GPS, 

location based services, camera etc. 

The architecture of the prototype application is described in the current section. Each 

logically divided part of the architecture is described in detail explaining how does it 

communicate with other parts and which direction of communication is allowed. 

The architecture evolved during the implementation process according to discoveries 

of new platform features and behavior that altered the firstly defined development 

procedures. One of the problems was the retrieval of data from the web service. The 

process takes a significant amount of time if the user is downloading images, which 

means that the main UI thread is blocked. After five seconds of inactivity the Android 

system shows the user the “Force Close” dialog, which gives the user the possibility 

to terminate the process that is not responding. This is why the architecture evolved 

from synchronous multi tier architecture to an architecture that supports both 

synchronous and asynchronous calls to the repository.  Therefore it can execute 

short lasting operations synchronously and long lasting operations asynchronously 

preventing the main thread to be blocked. 

Figure 2 shows the current architecture of the prototype which supports both 

synchronous and asynchronous operation execution and data update. This section is 

divided into two parts.  

1. The first part introduces the user to the architecture structure and the evolution 

process. It starts by describing the synchronous part of the application 

architecture. It presents a hierarchical breakdown of the multi tier architecture 

and it explains what each part of the architecture is responsible for. 

Additionally communication between the several layers is described. The 

subsection concludes with an overview of potential deficiencies that the simple 

multi tier architecture has. 

2. The second part analyzes the deficiencies from part one and it presents which 

architecture improvements were made to deal with those problems. 

Furthermore, the introduction of the improved approach resolved the negative 

impact that present approach had on user experience. The improvements are 

pointed out on the architecture diagram. 

6.2.1 Synchronous architecture 

The synchronous architecture consists of five layers where the fifth is the physical 

data layer. The software layers are a logical division of system behavior and state. 

The architecture embraces the separation of concerns principle so that every layer 

has its own responsibility. The layers are described in the following text. 
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6.2.1.1 Presentation layer 

The presentation layer encapsulates the view part of the application. It is responsible 

for displaying the data to the user. It dispatches the user actions to the Business 

layer where the action is registered and handled in the proper manner. The 

presentation layer is made of multiple “activities” where each activity represents one 

screen for the user to interact with.  

An activity is single and focused thing that a user can do. The developer defines the 

layout of the activity which the activity displays to the user. The layout can be created 

with the Android XML designer or by using third party tools that create the same XML 

layout documents. The developer has the task of creating the layout for activities and 

specific widget items like lists. As shown in Figure 2, the activity uses the XML layout. 

It sets its layout on creation.  

There are different types of layout but they won’t be discussed in this report.  

The activity is the place where GUI components are initialized. Different components 

require listeners that encapsulate the logic that is executed when the user interacts 

with the component. The component listeners are defined in the activity, too. 

Another element of the presentation layer is the Adapter.  The Adapter is used 

together with more complex GUI widgets (ListView, Gallery) that are capable of 

showing complex sets of data. It is responsible for creating Views (special 

arrangement of existing UI widgets) for each element in the complex widget data set. 

Views can be single or complex GUI elements that display some data. It implements 

a set of methods in order to know how to properly display the various complex data in 

the combination of views. Some of the more complex widgets are the ListView widget 

and the Gallery widget which are used in the prototype application.  

The Activity uses both the XML layout and the Adapter (if needed) to create the 

window that will be shown to the user. 

When a user interacts with the Activity the chosen action is propagated to the 

business layer. 

6.2.1.2 Business layer 

After a user action is registered in the Activity, the action is delegated to the matching 

business layer method. The business layer is the “brain” of the application and it 

contains the business logic for executing operations. It maps user actions to specific 

software functionalities. It is the central place where application exceptions are 

handled and logged after which a normal, user understandable response, is 

displayed to the user. 

For the communication between the Activity and the business layer the Request-

Response (Request-Reply) [12] software pattern is used. This pattern resolves the 

problem of growing number of parameters in the business layer methods. Instead of 

passing a large number of parameters to the method, a request object is pushed on. 
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The request object contains all the required parameters for executing the targeted 

operation. In this way the method prototype does not change and the declaration 

stays untouched. If the developer needs to pass more parameters to the method, 

only the request object structure is changed but the method prototype remains the 

same. It is a much cleaner way of writing methods and it simplifies method 

declarations and readability of code.  

Examples about request, response objects and an implementation of a business 

layer method are shown below. 

public class AiCustomerRequest { 

 private int _customerId; 

 public void setCustomerId(int customerId) {…} 

 public int getCustomerId() {…} 

 

 private String _userEmail; 

  

 public void setUserEmail(String userEmail) {…} 

 public String getUserEmail() {…}  

} 

Code listing 1: Customer request class 

The customer request can hold the customer id and user email as necessary. It can 

change and new fields can be added if the method requires more parameters. 

A response example is the club response. It contains a list of clubs which will be 

returned in the response of the method getClubsForCustomer(AiCustomerRequest 

request) described later. The club response extends the MessageResponseBase 

class which contains general useful fields that every specific response can take 

advantage of.  

public class AiClubResponse extends AiMessageResponseBase { 

 

 private List<AiClub> clubs; 

 

 public void setClubs(List<AiClub> clubs) {…} 

 

 public List<AiClub> getClubs() {…} 

  

 //More code… 

} 

Code listing 2: Club response class 

There are two fields in the base response class. The success field holds a Boolean 

value that represents if the business method executed successfully or not. Message 

field contains the exception message if any exception is thrown. The message text 

should be displayed to the user if the success field is false. 

public class AiMessageResponseBase { 

 private boolean success; 

 private String message; 
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 public void setSuccess(boolean _success) {…} 

 public boolean isSuccess() {…} 

 public void setMessage(String _message) {…} 

 public String getMessage() {…}  

} 

Code listing 3: Message response class 

Method getClubsForCustomer(…) shows the usage of the response-request 

pattern. The method only parameter is the customer request object and it returns the 
club response. If no exception is thrown during the service call the success field is 
set to a value of true. In the opposite situation when the exception is caught the 
response success is set to false and the exception message is written to the 
message field of the response.  

public AiClubResponse getClubsForCustomer(AiCustomerRequest request){ 

 AiClubResponse response = new AiClubResponse(); 

 try{ 

response.setClubs(service.getClubsForCustomer(request. 

getCustomerId())); 

  response.setSuccess(true); 

 }catch(ApplicationException ex){ 

  response.setSuccess(false); 

  response.setMessage(ex.getMessage()); 

//Log exception 

 } 

 return response; 

} 

Code listing 4: Message response class 

Different data types in the model have their own business service which has the 

knowledge of how to work with those objects and how to interpret user actions that 

target a specific part of the model.  

The process is continued by calling the appropriate domain layer service from the 

business layer. The domain layer service is supplied with the data from the request 

that the service needs to execute the specific function.  

6.2.1.3 Domain layer 

Domain layer is the place where all the model classes are defined. Each model 

object that has a business service has a domain service, too, which calls the 

appropriate repository method to fetch the data. For each repository there is an 

interface defined in the domain layer. Through these interfaces the domain service 

communicates with the several repositories and retrieves the needed data. Benefits 

of this design approach are presented in the following text. 

The model consists of many classes that represent the objects that are supplied by 

the web services or local database. The model classes are simple and have only 

private fields and getter and setter methods for those fields.  

Since the domain service communicates with the repository through an interface it 

makes the architecture flexible to requirement changes. Therefore, if the 

requirements change in such way that the repository should fetch the data in a 



 

24 
 

different manner, the repository could be easily replaced with a new one that 

conforms to the same interface definition. For example it could happen if some data 

that was previously accessed through a local database on the device now has to be 

accessed through the web services. Furthermore, another positive aspect of this 

approach is that repositories can be tested separately and afterwards replace the 

existing ones.  

6.2.1.4 Repository layer 

The repository layer contains specific methods for accessing remote and local data. 

Therefore, method implementations conform to protocol specifications for accessing 

certain resources. Additionally all the repositories must implement a specific interface 

defined in the domain layer to expose their functionalities to the domain layer. 

Repositories have the task of catching the exceptions caused by software failure and 

creating an own, application specific, internal exception that is called 

ApplicaitonException. This internal exception extends the Exception class and 

doesn’t add any functionality to it. It is just a wrapper for the exception so that it is 

application specific and that the developer can keep track of exceptions easier. The 

application exception is thrown with an interpreted message of the raw system 

exception that caused the problem. This message can later be displayed to the user 

to present the cause of the problem. 

Remote data is accessed using ksoap2 [14] library for making SOAP (Simple object 

access protocol) calls on web services. The communication with the web service 

using ksoap2 library is explained in section 6.4. On the other hand local data is 

fetched using a specific implementation of the SQLiteHelper class. This class 

provides native Android support for working with SQLite databases. Except from local 

data from the database, more useful data can be retrieved from Android system 

services like location based data. 

After the data has been retrieved or an exception has been caught, the data or the 

application exception is sent back through the architecture layers in the opposite way 

that the input arrived. When it arrives to the business layer, through the domain, the 

response is prepared and sent back to the Activity that requested it. On arrival in the 

Activity the data gets displayed.  

6.2.1.5 Physical data layer 

Physical data layer is the layer that represents where the data is physically stored. It 

includes two main types of data storage. These types are: 

 Local data storage 

 Remote data storage 

Local data storage is divided into SQLite database, Android services and shared 

preferences which are described in more detail in section 6.2.5. 
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The remote data storage is represented by the multiple web services that are used 

for retrieving the data from the server database. The web services and its 

architecture are described in section 7. 

 

Figure 2: Mobile application architecture 
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6.2.1.6 Overview 

The synchronous architecture could work for short lasting operations on local data 

but since long lasting operations are executed often, it had to be improved. The 

biggest problem resided in image downloading or uploading which took a significant 

amount of time to execute and therefore it was blocking the user interface. In order to 

improve the quality and provide a responsive and smooth application, improvements 

had to be made. Section 6.2.2 presents the improvements. 

6.2.2 Adding support for asynchronous operation execution 

Synchronous architecture had to be upgraded with asynchronous features to provide 

desired functionalities of the system. In order to do that the synchronous methods in 

the repository layer were changed with asynchronous calls that provide the desired 

behavior.  

The following problems occurred: 

 How to update the fields of the activity since the data is fetched in another 

thread? 

 How to handle exceptions from the background thread and log them? 

To address the mentioned problems the business layer had to be improved. For this 

purpose the BizListener class was added to the architecture. It encapsulates the logic 

to update the activity fields once the data is fetched and it logs the handled 

exceptions from the background threads. Once instantiated, the BizListener object is 

supplied with parameters that represent the specific fields that it has to update. 

Finally the set of fields is updated, once the data is fetched. In the case there are 

more fields to update the calling activity could be supplied to the listener, exposing a 

set of methods for updating the display. The purpose of the BizListener is to 

encapsulate the logic of the BizService and make it portable among different threads. 

Therefore, a correct multi-thread execution plan is established, providing a healthy 

environment for working with multiple threads. Finally errors and data are properly 

handled and displayed. 

The dashed line in the architecture diagram, in Figure 2, that starts at the repository 

and finishes at the activity represents the connection between the BizListener in the 

separate thread and the activity on the main UI thread. Through this connection the 

user gets data updates and handled exceptions shown on the display.  

Listeners are divided into different groups considering what part of the user interface 

they need to update after the data is fetched. The listeners can be divided into three 

groups: 

 Listeners that target single ImageView (UI widget for displaying an image) GUI 

widgets that display for example logo images of a facility 

 Listeners that target galleries which contain multiple images 
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 Listeners that target multiple activity fields and update them by supplying the 

activity with the model data on the appropriate method. The activity should be 

accessed through an interface because the listener should not have access to 

all the functionalities of the activity. 

6.2.3 Synchronous vs. asynchronous 

All the work that could be blocking the main UI thread should be done 

asynchronously. Asynchronous work enables the UI thread to remain responsive to 

user input and provides the user with a feeling of smoothness. A “smooth” [11] 

application gives an impression that everything is working as it should and adds a 

higher level of quality to the application.  

Asynchronous operations are usually time-consuming so a progress dialog should be 

shown to the customer notifying that the application is working.  

To implement asynchronous operations a new thread has to be run which will 

execute the work in background. A simple Java Thread can be created and run for 

that purpose. However, a native Android option is to use AsyncTask which is a class 

that enables proper and easy use of the UI thread. This class allows performing of 

background operations and publishing results on the UI thread without having to 

manipulate threads and/or handlers.  

Both local data retrieval and remote data retrieval should be done in background as 

good practice guidelines suggest [11]. 

6.2.4 Local data handling 

Local data can be retrieved from a variety of storage places. There are three of them 

that are of interest for the thesis.  The following list enumerates them: 

 SQLite database 

 Android system services 

 Shared preferences 

First mentioned, the SQLite database is a relational database and holds data defined 

by the model. It is created when the application is run for the first time. Android 

provides a native helper class SQLiteOpenHelper that is used for operating the 

database. 

The data from the SQLite database can be accessed through Cursor objects. Cursor 

objects are used to create queries that execute on a database instance and return 

target data. One example of calling a cursor which returns data regarding cities is 

shown in the following code.  

public Cursor loadCities(String filter){ 

 Cursor cursor = getDatabaseInstance().query(DATABASE_TABLE, new 

  String[]{KEY_ROWID, KEY_NAME, KEY_POSTAL_CODE}, 

       KEY_NAME + " LIKE " + "'"+ filter + "%'", null, 

       null, null, KEY_NAME + " ASC"); 
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 if(cursor != null){ 

  cursor.moveToFirst(); 

 } 

 return cursor; 

} 

Code listing 5: Example of querying the database with a cursor 

The previous method returns all the cities which match the condition of their name 

starting with the filter string. It is used to populate an auto complete text field. 

Second listed are Android system services, which run in the background continuously 

and can provide the user with useful functionality. The prototype that is being 

developed focuses on the Location Service which can be accessed by executing the 

following method. 

LocationManager locationManager = (LocationManager)getSystemService( 

 Context.LOCATION_SERVICE); 

Code listing 6: Retrieving the Android location service 

In this way the developer can get access to the location service which holds location 

specific data for the current user state. 

Shared preferences are the third storage place that could be useful for the prototype. 

It can be used to store user data like log in credentials. It is good practice to encrypt 

the data that is being stored in the shared preferences because if not encrypted, the 

data is stored in plain text. If the user has a phone with root access it can easily 

access the shared preferences file and read the data. This is why sensitive data 

should be encrypted. Another usage of the preferences file is to store application 

states so that the user can resume work even if the application is terminated at some 

time. 

6.2.5 Mobile image handling  

Mobile image handling is of great importance because it can have a big impact on 

user experience and performance overall. It affects memory consumption deeply, 

and if not managed properly it can produce out of memory errors. Out of memory 

scenarios block the Smartphone for a period of time and will produce negative 

reactions from the user that has to wait for the Android garbage collector to free 

enough memory so that the phone can work properly. This kind of problems will 

surely make the user stop using the application. Out of memory problems can occur 

in both upload and download of images so the next two sub-sections will analyze that 

problems. 

6.2.5.1 Download 

The download of images is done asynchronously. Image downloading lasts longer 

because of file size so it has to be done on a background thread in order to prevent 

the UI thread to stop responding. The lazy loading design pattern is used for image 

loading. Therefore the images are fetched in the moment when they have to be 
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displayed. In the case of the prototype it happens when a picture from a gallery is 

visible to the user. The other images load as the user scrolls through the gallery and 

browses for images. Lazy loading helps reducing bandwidth usage and unnecessary 

fetching of objects.  

Additionally, images should be cached to improve application responsiveness when 

consequently scrolling through already fetched data. Furthermore, the user benefits 

from less bandwidth consumption since the images are kept on the device.  

There are two types of caching that could be used: 

 In memory cache – all the images are kept in memory 

 Disk cache – the images are stored on the physical disk drive 

As the user scrolls the gallery image requests are put in a download queue. After an 

element is downloaded, it is saved in cache and a specific UI widget is updated with 

the content.  

The first analyzed approach is storing images in memory. 

Caching images in memory can produce out of memory exceptions if not handled 

properly. First of all the images should be of really small size (<50 Kb). Secondly a 

special type of reference should be used to refer to the image bitmap. This reference 

is called Soft reference. Soft references are kept in memory until the virtual machine 

on which the process is running does not get close to an out of memory exception. If 

an out of memory exception is inevitable the soft references are garbage collected 

and bitmap data is recycled so the problem is resolved. That means that some of the 

cached images are not available anymore and have to be fetched again from the web 

service. After leaving the activity that is holding the cached data, the data should be 

recycled and the bitmaps garbage collected manually to speed up the process of 

freeing memory. 

Secondly, caching images on hard drive eliminates the problem of out of memory 

exceptions but fills up user’s hard drive space. Since hard drive space isn’t a problem 

in modern Smartphone devices this approach is a better option. Moreover, the cache 

can be deleted at any time by the user or even an automatic periodical cache 

recycling could be implemented to solve file accumulation on disk.  

A third alternative for displaying images is to display one image at a time, without 

caching, and have navigation buttons to fetch the next image. Therefore, when a 

user requests the next image, the first one can be recycled and memory is freed to 

fetch the next image. Finally, out of memory scenarios are not possible except in the 

situation if the fetched image is of too large in size (this is a task of the server side to 

provide valid data). 
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6.2.5.2 Upload 

Image upload can be a sensitive process. To upload an image the user has to first 

select from available images on the phone. Therefore a file chooser has to be 

presented to the user. To do so, an Intent (an abstract description of an operation to 

be performed) has to be created which targets the activities registered under the 

ACTION_GET_CONTENT intent type. Additionally, target file types can be defined 

so that only certain types will be shown to the user (in the example only image types 

will be returned). 

Intent intentBrowseFiles = new Intent(Intent.ACTION_GET_CONTENT); 

intentBrowseFiles.setType("image/*"); 

 

startActivityForResult(Intent.createChooser(intentBrowseFiles,  

 "Select source"), GET_LOGO_IMAGE);  

Code listing 7: Android file browser 

After the user selects an image, the image unified resource identifier (URI) is 

returned from the file browser to the activity that performed the call. This happens 

because the file chooser activity has been called with a startActivityForResult method 

which returns the URI after an image has been selected. After the prototype 

application gets the URI it can validate if the file is of the required type and then it can 

use the file/image and upload it to the web service.  

The sensitive part comes into action now. The image that has been selected by the 

user can vary in size. The image could be a couple of megabytes. If the application 

tries to load a large image into memory to prepare it for the upload request it could 

produce an out of memory exception. If the developer does not take care of the 

scaling problem, the user would have to manually scale the pictures before 

uploading. That is not the behavior that a user expects from an application and most 

of the users would stop using the application right away.  

In conclusion, the developer has to take care of image scaling. The process can be 

divided into 5 steps: 

1. Analyzing image dimensions 

2. Defining scaling factor 

3. Scaling the image by the calculated factor 

4. Precise scaling to max width - max height  

5. Compressing the file (setting quality) 

The first step is to decode just the bounds of the Bitmap (image file format used to 

manipulate image data in Android) representation of the image, enabling the 

developer to access only the dimensions of the file. Therefore the pixel matrix is not 

loaded into memory and out of memory exceptions are avoided.  

Phase two defines a scaling factor which is calculated according to image 

dimensions and the maximum image size desired by the developer. The scale is a 
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number that is a power of number two. A power of number two is used because it is 

the fastest way to scale for the built in scaling algorithm in the Android 

BitmapFatctory (provides a set of static methods for Bitmap manipulation). The scale 

factor should produce a new height and new width that should be as close to the 

defined max size of the picture but bigger or equal.  

The third phase scales the picture with the desired factor using the following static 

method of the BitmapFactory class.  

Options opts = new Options(); 

opts.inSampleSize = scale; 

 

Bitmap sampledBitmap = BitmapFactory.decodeFile(imagePath, opts); 

Code listing 8: Scaling the image according to the scale factor 

The file is decoded and a Bitmap is created that will fit in memory for sure if the 

maximum size is picked with care.  

Phase four does the fine scaling to the precise max size dimension for width and 

height.  

The fifth and final step is to compress the Bitmap to a desired quality and image 

format and then the file is ready for upload.  

Table 3: Scaling test results 

Image name 
Quality (%) Size in Kb Dimensions 

original.jpg   864 1920*2560 

slika_100.jpg 100 272 487*650 

slika_95.jpg 95 121 487*650 

slika_90.jpg 90 74 487*650 

slika_85.jpg 85 56 487*650 

slika_80.jpg 80 46 487*650 

slika_75.jpg 75 40 487*650 

slika_70.jpg 70 36 487*650 

        

original.jpg   1.462 2592*1552 

cvijet_100.jpg 100 244 650*389 

cvijet_95.jpg 95 120 650*389 

cvijet_90.jpg 90 80 650*389 

cvijet_85.jpg 85 64 650*389 

cvijet_80.jpg 80 52 650*389 

cvijet_75.jpg 75 44 650*389 

cvijet_70.jpg 70 40 650*389 
 

After some testing, the conclusion is that an image format of JPEG and a quality of 

80 % create an image of good quality and size. Table 3 shows the results of scaling 

an image with different quality options. The range is from 100% - 70%. Max size is 
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set to 650 pixels because additional scaling tests were done on the server side to 

reach the final size of 640 pixels. Those tests are not described here. The current 

test was made on a sample of two images. The first image is in portrait mode and the 

second is in landscape mode. 

Additional scaling could be done on the web service side to create an even smaller 

image. The web service side can handle more complex algorithms because it has 

more processing power then the Smartphone device. Nevertheless, the scaling 

algorithm presented in this section does a good job scaling images and should be 

definitely taken in consideration because it reduces bandwidth costs to the user and 

it resolves out of memory problems. 

6.3 Utils 

The utils package contains classes that implement useful common behavior that can 

be used throughout the application. The utils package is divided into common utils 

and image utils packages.  

The utility common package contains a couple of useful classes: 

 Common class: this class acts like a container for exchanging complex objects 

between activities. It stores the user email that is currently logged in the 

application. It acts like a static holder of data. It contains utility functions for 

transforming Calendar objects into strings and vice versa. It has a variety of 

getter methods that return URLs for accessing web services. It returns debug 

(development) URLs and respectively production URLs of services when the 

services are published.  

 ObjectFactory class: The ObjectFactory class facilitates initialization of 

objects. Less code has to be written each time an object has to be 

instantiated. Using the ObjecFatory static methods business logic services can 

be instantiated easily and with little code. 

 SQLiteHelper class: This is a helper class used to access data from the local 

SQLite database. 

 Mapper class: A utility class used for mapping an xml response to a model 

object. It is widely used in the repositories. 

Additionally the image utility package contains helper methods for downloading and 

scaling images. It is used in the image handling process extensively. 

6.4 Communication 

The communication section explains the communication process between the 

Smartphone device and the remote web services. It points out what protocol is used 

for communication and which library is used for the implementation of the protocol. 

SOAP protocol is used for data transfer. SOAP was a natural choice since the web 

services are implemented in .NET and have native support for it. KSoap 2 library is 

an open source [14] for implementing the protocol’s specification. It is used for 
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simplifying the process of transferring data using SOAP. The following example 

presents a typical usage scenario. 

public List<AiClub> loadClubsForCustomer(int customerId) throws 

 ApplicationException{ 

SoapObject request = new SoapObject(NAMESPACE, 

METHOD_GET_CLUBS_FOR_CUSTOMER); 

 request.addProperty("customerId", customerId); 

 

SoapSerializationEnvelope soapSE = new SoapSerializationEnvelope( 

SoapEnvelope.VER11); 

      soapSE.dotNet=true; 

      soapSE.setOutputSoapObject(request); 

         

      HttpTransportSE httpTransport = new HttpTransportSE( 

URL_DEV_SERVER_CLUB_SERVICE); 

      SoapObject resultString = null; 

         

      try{ 

       List<HeaderProperty> headerList = new ArrayList 

<HeaderProperty>(); 

            headerList.add(new HeaderProperty("Authorization", "Basic " +  

org.kobjects.base64.Base64.encode("user:pass".getBytes())

)); 

          

         httpTransport.call(NAMESPACE + METHOD_GET_CLUBS_FOR_CUSTOMER ,  

soapSE, headerList); 

         resultString = (SoapObject)soapSE.getResponse(); 

       }catch(Exception ex){ 

throw new ApplicationException("Problem loading data –  

loadClubsForCustomer"); 

       } 

       List<AiClub> clubs; 

       try{ 

         clubs = AiMapper.createClubs(resultString); 

       }catch(Exception ex){ 

         throw new ApplicationException("Problem creating objects from  

soap response”); 

 }         

       return clubs; 

} 

Code listing 9: Typical usage of ksoap2 library 

This method loads all customer clubs from the web service. First of all a new 

SoapObject has to be instantiated representing the request that has to be sent to the 

web service. Furthermore, the request requires a web service namespace and a 

method to target as parameters. The next step is to add all the data that is needed to 

the request by calling the addProperty method on the request with the parameters. 

The process continues by creating a SoapEnvelope for the version of SOAP that is 

being used on the web service. If the service is developed in .NET, the dotNet flag 

has to be set to true. An HttpTransport object is created for the purpose of making 

the call to the service. It expects a parameter that defines the URL of the web service 

that is being targeted. Optionally a set of header properties can be supplied to the 

instance of HttpTransport class. In this example the headers are used for basic 

authentication on the server side. Then a call is made to the SOAP action which is 
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the namespaces concatenated with the target method. Afterwards, the result can be 

easily extracted from the soap envelope by using the getResponse method. Finally, 

the last step consists of extracting the fetched data from the XML response which is 

done by calling the appropriate method of the Mapper class from the utility tools. 

However, instead of using the Mapper, several other ways exist of deserializing data 

from the response: 

 Using KvmSerializable interface of the KSoap 2 library:  

This option enables the developer to map xml attributes to class fields but it is 

not flexible regarding null values. It does not implement support for null values 

which is the reason why is not used for the prototype application.  

 Simple 2.6.2 [15] framework is a high performance XML serialization and 

configuration framework for Java. Its goal is to provide an XML framework that 

enables rapid development of XML configuration and communication systems. 

This framework aids the development of XML systems with minimal effort and 

reduced errors. It offers full object serialization and deserialization, maintaining 

each reference encountered. In essence it is similar to C# XML serialization 

for the Java platform, but offers additional features for interception and 

manipulation. It has support for handling XML files with null values. Classes 

can be mapped with specific Simple Java attributes. It is easy to setup and it is 

a valuable choice for deserializing XML data directly into model objects.    

An attribute can be defined with value of required=”false” which will solve the 

problem of null values. 

All of these problems exist because there is no out of the box way to implement a 

web service proxy class on the Android platform that would automatically do the 

work. Some of the existing Java tools can’t be used because the Android virtual 

machine doesn’t support some of the libraries that these tools use.  

6.5 Location based features 

The previous sections described the architecture of the Android prototype and 

different problems that affected the design and made it improve during time. At this 

moment all the prerequisites are met to start implementing location based features 

since the required data of points of interest can be retrieved from the web server 

where it is stored.  

The location based services in the Android system are especially interesting because 

they enable the developer to create location-aware applications that display specific 

information of an area of interest [9]. 

By researching the location based service documentation a conclusion has been 

adopted that the location based application can operate into two different work 

modes. The two modes have been divided into the “reactive” and “proactive” work 

mode. Sections 6.5.2 and 6.5.3 describe the work modes in more detail. The general 

difference between the two modes is that the proactive mode performs operations in 
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the background accordingly to a previously specified configuration. Therefore if a 

condition is met the user is notified with the appropriate message. Opposite to this 

approach is the reactive work mode that presents data to the user when requested.  

Location manager is the class that enables access to location services provided by 

Google as a part of the Android operating system. It enables the developer to get the 

current user location, follow user movement and discover if a user is entering or 

exiting a specified geographical area. The location manager is described in more 

detail in section 6.5.1. 

MapView is the essential GUI widget used for displaying Google maps [18] on the 

Android Smartphone. The MapView element supports displaying of items on the map 

which is needed to pin the fetched data from the web service.  To be able to use the 

MapView the developer has to get the MD5 (cryptographic hash function) fingerprint 

of the application signing certificate which is used for publishing the application on 

the Android Market [40]. When the application fingerprint is generated using the JDK 

keytool [47] it has to be registered on the Google maps service. The service provides 

the developer with a key that is used for the MapView element. After the registration 

process, the map is ready to use according to the “Terms of use”. 

Another useful feature of the software development kit (SDK) is the GeoCoder which 

is essentially a class that provides special functionalities for geo-coding, meaning 

that an address can be translated to a geographical point with latitude and longitude 

values and the opposite process is possible, too, referred as reverse geo-coding [9].    

6.5.1 Location manager 

As stated in the previous section, the location manager is used to obtain up to date 

locations of the user. This data can then be used to retrieve location relevant data 

from the web service and display it to the user. 

There are two main location providers: 

 GPS provider 

 Network provider 

The location manager provides a mechanism for specifying a set of options to 

determine which location provider to use [9]. A location provider is chosen from the 

available providers considering the given set of criteria. The criteria are divided into 

power consumption, accuracy, cost and possibility to return values of bearing, 

altitude and speed. 

String bestProvider = locationManager.getBestProvider( 

criteria, true); 

Code listing 10: Acquiring best provider for criteria 
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The location can be obtained through the provider containing the coordinates of the 

user. A good practice is to first check for the last known location stored in the 

provider. Therefore if the time elapsed from the moment when the last known 

location has been recorded till the current time is acceptable, then the stored location 

can be reused. However, in the opposite situation a location update can be 

requested in order to work with up to date data.  

These features of the location manager can be used in the reactive work mode of the 

application. The reactive mode needs only the current location of the user and it will 

retrieve the data that the user chose.  

The proactive mode is a different concept. It takes advantage of a more advanced 

mechanism that is based on setting proximity alerts for specific areas of interest for 

the user. By using this approach the developer can enhance user experience by 

letting the user choose when to be notified about a specific set of data of interest. In 

this way the application works for the user in background and becomes aware of the 

surrounding, letting the user know when a point of interest is in range.  

6.5.2 Reactive mode 

Reactive mode is the usual behavior that a user expects from an application. The 

application provides certain functionalities that are executed on user request.  

In the case of the prototype, the user is presented with a list of categories of points of 

interest. The categories are fetched from the web services on startup. When a 

category is selected, points of interest are fetched from the web service by calling the 

appropriate geo-web service method.  

In [9] the writer presents examples of how to use the MapView element in Android 

and display overlaying items in it, ranging from simple position markers to more 

complex views displaying interactive content. 

In this way, the implementation is straight-forward and the users know that if they 

want to get some information they have to run the application and execute several 

steps to achieve a certain task. However, another more complex approach is 

possible to apply which will add new features to the application and improve user 

experience. This approach is called in the report, the Proactive mode approach and it 

is described in the following section. 

6.5.3 Proactive mode 

The proactive mode approach relies on the foundations of executing operations in 

the background. Therefore, the background backbone of the application is a 

combination of services and broadcast receivers [9]. These components enable the 

user to schedule tasks like proximity alerts, and get notified accordingly when a point 

of interest is reached.  

A potential use case could be a location dependent reminder such as iOS introduces 

in the fifth release of the system as a native component. 
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Figure 3 presents the simplified architecture of a prototype application using 

proactive mode. The architecture is described using a top-bottom approach, firstly 

describing why the application is run in two different processes. Secondly the single 

components running into each process are described into detail. Finally, inter 

process communication (IPC) is addressed, describing how is the data serialized and 

transferred between the pair of processes. 

The application is divided into two processes to improve resource management. 

Process one runs constantly in background until there are no more proximity alerts 

set in the Android location service by the prototype application. Contrary to the long 

lasting process one lifecycle, process two has a short lifecycle. It contains the Activity 

for interacting with the user and therefore it executes in foreground. The implemented 

activity enables the user to create a proximity alert with several attributes. These 

attributes are longitude, latitude and the name of the alert. These data is then sent to 

process one via IPC for processing. After the proximity alert data has been sent for 

processing, the user has finished interacting with the application and process two can 

be killed by the system without loss of data. At this point only process one is online, 

hosting the service which holds important data about the scheduled alerts and uses a 

small amount of resources to remain active. 

 

Figure 3: Proactive mode application architecture (Simplified) 

The following sections describe the components of each process in more detail and 

analyze the communication procedure. 
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6.5.3.1 Process one 

The application is divided into two processes because it is essential to keep proximity 

alert data in the application so that the alerts can be removed in a future time after 

some condition is satisfied. The reason why an Android service is used is because it 

has less chance of being killed by the system due to its higher priority of execution in 

the system. In contrast, a non visible activity (user is not interacting with it at the 

moment) has greater chance of being killed by the system and therefore keeping 

references to long living objects in the activity is not an option. Finally, this kind of 

separation enables a service to execute long lasting tasks and a short living 

foreground application to interact with the user and getting safely disposed 

afterwards. 

The custom service interacts with the Android location service where the proximity 

alerts are scheduled. Listing 11 presents an example of adding a proximity alert to 

the location service from the custom service.  

public void addProximityAlert(ProximityAlert alert) 

    throws RemoteException { 

 Intent intent = new Intent(PROX_ALERT_INTENT); 

      intent.putExtra("Data", alert.getName()); 

      intent.putExtra("lat", alert.getLat()); 

      intent.putExtra("long", alert.getLong()); 

      PendingIntent proximityIntent = PendingIntent.getBroadcast( 

getApplicationContext(), 

(int) System.currentTimeMillis(), 

intent, 0); 

 locationManager.addProximityAlert(alert.getLat(),  

alert.getLong(), POINT_RADIUS,  

PROX_ALERT_EXPIRATION, proximityIntent);  

 pendingIntents.add(proximityIntent); 

}  

Code listing 11: Adding a proximity alert from the service 

The activity from process two interacts with the custom service by calling the 

addProximityAlert(ProximityAlert alert) method. Secondly the service extracts 

the data from the custom alert object and creates an intent which holds the data that 

is later used to notify the user. Additionally the intent is wrapped in a pending intent 

and supplied as parameter to the location service addProximityAlert(…)method.  

Intent is an abstract definition of an action to be performed. It can be used for 

lunching activities, broadcasting actions to be performed and starting or binding to 

services [7].  

PendingIntent is a token that the prototype application gives to a foreign application 

(LocationManager, NotificationManager), which allows the foreign application to 

execute a predefined piece of code [7]. 

The PendingIntent from the code sample creates a broadcast when fired. This 

broadcast is then received by the proximity alert broadcast receiver discussed later in 

the report. Additionally the application context, unique identifier and special flags are 
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supplied as parameters. The application context is the context where the pending 

intent should perform the broadcast. After the pending intent is instantiated, it is 

forwarded to the location service addProximityAlert(…)method together with the 

latitude and longitude of the point of interest (POI), followed by the radius of distance 

from the POI where the alerts should fire. An expiration parameter is supplied to 

define how long should the proximity alert last. Finally the proximity alert is active and 

ready to execute the PendingIntent when the user enters or exits an area of interest. 

The last line of code adds the pending intent to a list of currently active pending 

intents. References to pending intents have to be stored so that proximity alerts can 

be removed in the future by calling removeProximityAlert(pendingIntent)in the 

location service. The location service does not provide a method for retrieving all the 

current proximity alerts because of security reasons. If it would provide a method for 

that purpose, a developer could access proximity alerts set by other applications 

running in the system, which is not a desired behavior. This specific implementation 

of the location service implies that pending intents have to be stored in a list, so that 

specific operations can be executed later on.  

Furthermore the pending intent data should be stored in the Shared Preferences file, 

too, so that if the service gets stopped it can remove the alerts, save the alert data 

and on restart reinitialize all the proximity alerts. Finally the service is guaranteed to 

restart as soon as possible after getting killed because the START_STICKY flag is 

set. 

The remaining components in process one are the broadcast receivers that react on 

specific actions broadcasted in the system. These actions are BOOT_COMPLETED, 

PROX_ALERT_INTENT which are used to “catch” the boot completed event and the 

broadcasting of proximity alert intents.  

Boot completed broadcast receiver is used to start the custom service as soon as 

the boot procedure is finished so that the proximity alerts can be up and running from 

the first moment the phone is turned on. If there are any saved alerts, they are 

scheduled in location service. Otherwise the service should be turned off and 

restarted when more proximity alerts are added by the user. 

Proximity alert broadcast receiver receives the intent (PROX_ALERT_INTENT) sent 

when the proximity alert fires. It extracts data from the intent and it notifies the user 

about the alert using the Notification Manager. After the notification is fired a status 

bar notification appears and the user can access the valuable information. Therefore, 

this approach presents a way of implementing push notifications in Android by using 

the Android location service as the source of information. Furthermore, the 

notifications are real time which is of extreme importance for this kind of alerts. 

Finally, the notification can hold an intent to start an activity (process two) which 

could display the POI on the map together with the current location of the user. 



 

40 
 

6.5.3.2 Process two 

This process has the task of interacting with the user through an activity and user 

interface. It enables the user to add a proximity alert and schedule it through the 

custom service in process one. When created, the activity of process one starts the 

service (the service could be online from the boot completed receiver but it could be 

down because resources had to be freed in a previous moment). If the service is 

already started when the activity tries to start it again, it can be ignored by user code. 

Afterwards, the activity tries to bind to the service thus trying to establish the service 

connection. When the activity acquires the connection to the service it retrieves the 

binder object through which the two processes communicate with a predefined set of 

methods.  

6.5.3.3 IPC and AIDL 

The pair of processes communicates using inter process communication. The 

communication is enabled by Android Interface Definition Language (AIDL) which 

provides the developer with a way of defining an interface that the client and service 

agree upon and use for communication.  

Firstly, the required interfaces are defined in the AIDL language and correspondent 

java classes are generated for the interfaces. Code listing 12 shows the sample AIDL 

code for the proximity alert application programming interface (API).  

interface PAApi { 

 void addProximityAlert(in ProximityAlert alert); 

} 

Code listing 12: AIDL example 

The second step is to implement this API on the service side because that is the 

place where the method will be executed when called from the activity as shown in 

code listing 13.   

private PAApi.Stub apiEndpoint = new PAApi.Stub() { 

 

 @Override 

 public void addProximityAlert(ProximityAlert alert) 

   throws RemoteException { 

   //IMPLEMENTATION OF THE METHOD GOES HERE 

 }  

}; 

Code listing 13: Implementation of methods of the AIDL generated class  

Additionally, there is one last obstacle to get the communication fully functional. This 

obstacle resides in the transfer of non native objects across different processes. 

Android addresses this problem by using objects that implement the Parcelable 

interface which will provide more lightweight serialization than the Serializable 

interface. The process of implementing the Parcelable interface is discussed here [9].  
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Finally the application is configured properly at this time and therefore it can 

communicate adequately.  

6.6 UI design guidelines 

The principals of Android GUI design are presented here [44]. The authors discuss 

preferred ways of designing interfaces of different parts of the application and what 

are the benefits of using the specific approaches. 

There are five main UI patterns that should be followed to accomplish the task of 

creating an intuitive application to operate: 

 Dashboard pattern represents a quick introduction to an application by 

revealing capabilities of the application. It is displayed full screen and it 

contains shortcuts to the most interesting and useful parts of the application.  

 Action bar pattern is used as a special bar on top of Activities to sum up the 

most important operations that could be executed for the current Activity. 

 Search bar pattern is used to enable search for specific data in current 

Activity. When the feature is requested it will pop up in place of the action bar. 

It should provide search suggestions.  

 Quick actions pattern is used for displaying special actions that can be 

executed on a specific item of interest. 

 Companion widget pattern states that it is very important to create a widget 

for the application that is developed so that the application capabilities and 

data are displayed on the Home screen of the device. Additionally the widget 

gives the user the possibility to personalize the device even more. 

Figure 4 presents a schema for building a quality Android application. 

 

Figure 4: Android application interface design [44] 

Android 3.2 introduces a new functionality for easier designing of user interfaces in 

Android. Since there are a lot of different screen sizes for Android devices it is 
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difficult to design one user interface that will fit all of them. Screen sizes vary from 

Smartphone devices to tablets. The new functionality introduces selectors, which 

enable the developer to create multiple different layouts for different screen sizes. 

The layout size will be chosen according to the device screen size [45]. This 

facilitates the process of creating an application for different screen sizes 

significantly. 

A combination of creativity and following of guidelines results in a “fresh” application 

that will most surely be noticed by many users [11]. Furthermore an application 

should be “adaptive”, meaning that it should not stick out in ways that might irritate 

the user. Things should happen the way users expect and the app should adapt to 

the current user situation. An example would be to open the proper keyboard when 

the user is filling some data. The keyboard should provide the appropriate signs for 

filling the focused text field such as number oriented keyboard when typing in phone 

numbers. The “adaptive” application will know how to semantically distinguish several 

input components and display the proper environment to interact with. 
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7 Web service 

7.1 Web service architecture 

Web service architecture is similar to the synchronous part of the mobile architecture 

but it additionally has a powerful logging mechanism for robustness, it is divided into 

multiple projects and the implementation is done using the C# programming 

language. As stated in the constraints section at the beginning of the thesis the web 

services are developed using .NET platform.  

The several web services (described in more detail 

later in this report) contain web methods which are 

called by the client applications. The web methods 

encapsulate all the method parameters into a 

specific request object which is then forwarded to 

the business layer. The Request-Response pattern 

is used for the communication between the two 

layers, described in section 6.2.1.2.  

The application logic is contained in the business 

layer which knows how to operate the request and 

properly delegate the work to the underlying layers. 

Additionally logging is done in the same place by 

using an existing logger provided as part of the 

industrial scenario for which the application is 

being developed. The data that the business layer 

retrieves from the underlying layers can be of type 

SQLDataReader or ApplicationException. 

SQLDataReader is a way of reading rows of data 

returned by the database. If no exception occurred 

then the SQLDataReader data is mapped to model 

objects by the means of the mapper. The mapper 

uses extension methods for the SQLDataReader 

and it executes them upon the reader object which 

results in row data being translated to objects. The 

model data is then packed into a response object 

and returned to the web service to dispatch it back 

to the user. However if an exception occurs it will 

be of type ApplicaitonException because all 

exceptions that happen in the system are 

processed and an internal, human understandable, 

ApplicaitonException is thrown instead. This exception is logged and the message is 

put into the response object which is then sent back to the web service method with 

the value of success equal to false. The business layer creates view objects out of 

model objects in the mapper. View objects can be mapped one on one with the 

Figure 5: Web service 
architecture 
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model object but they do not have to be. A common usage of view objects is in the 

case that the developer does not want to send the whole model object to the client 

because there are some properties in the model object that should not be exposed to 

the client or are not of interest to the client. Therefore the object properties get 

filtered. Additionally view objects could be used for resolving interface serialization 

problems discussed in section 7.3 by simply changing their structure to not access 

properties through interfaces.  

Domain layer is the next layer on the path to the database. It contains a definition of 

the model and repository interfaces which the underlying repositories must conform 

to. It continues the execution of the request by calling the appropriate repository 

method.  

In the repository layer a SQL command is created and filled with the needed 

parameters. Afterwards the command is executed and the data is retrieved from SQL 

Server 2008 to a SQLDataReader object. If an exception occurs it is caught and an 

ApplicationException is thrown. 

Figure 5 presents the web service hierarchical structure. All the web services except 

the Membership web service sub class the WebServiceBase class which provides 

some basic functionalities. At the present moment it provides the functionality of 

changing the visitors counter for the specific facility or event. However, some of the 

web services do not need that functionality but still is good practice to provide a base 

class for all web services where future common functionalities could be placed.  

 

Figure 6: Web service layer 
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Additionally, all the web services, except the Membership service provide web 

methods for manipulation of model data. Each service processes a specific model 

entity and implements appropriate methods for executing the required tasks.  

Security issues are addressed through the Membership service which provides a 

method for validating user credentials. It does not sub class the web service base 

class because it does not require the provided functionalities. The main reason is that 

it targets the special Membership database, where sensitive user data is stored and 

encrypted. Therefore, the Membership database is used for authentication purposes 

in ASP.NET applications. 

7.1.1 Observations 

Since all the layers are divided in separate projects the single projects can be reused 

elsewhere and the existing ones can be replaced if needed.  

No ORM is used because it lowers performance and expands execution time 

because of serialization and deserialization of data using XML configurations or 

annotations in the code. SQL commands are used for accessing the data by 

executing plain SQL queries or by invoking stored procedures. 

StructureMap [12] is a dependency injection [16] tool used to loosen coupling 

between classes and their dependencies consequently improving architecture 

qualities and providing cleaner code. It improves testing capabilities by decoupling 

the code and giving the test developer possibilities of using mock objects instead of 

existing ones in the specific test tasks. Constructor injection [16] is the dependency 

injection style used in the web service project. The developer can define that if an 

object constructor is missing a specific parameter in the process when it gets 

instantiated, the parameter will be automatically supplied by the StructureMap tool. 

These relations for different object types have to be configured before compile time. 

A real example from the web service project is shown below. 

The declaration of the GeoBizService and GeoDomainService constructors presents 

which objects have to be supplied to the constructors when a new object of that type 

is created.   

public GeoBizService(GeoDomainService service, ILocalization localizator); 

 

public GeoDomainService(IGeoRepository repository); 

Dependency injection is used for these constructor methods to facilitate the process 
of instantiating a GeoBizService object. The following configuration has to be set up 
in order to benefit from the dependency injection software pattern.  

For<ILocalization>().Use<Localizator>(); 

For<IGeoRepository>().Use<GeoRepository>(); 

For<GeoDomainService>().Use<GeoDomainService>(); 

For<GeoBizService>().Use<GeoBizService>(); 
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As a consequence of this set up the GeoBizService class can be instantiated easily 
by calling the ObjectFactory GetInstance method with the appropriate target class.   
 
GeoBizService service = ObjectFactory.GetInstance<GeoBizService>(); 

It should be used in larger projects where a lot of code is written just for initialization 
of objects. By using this approach the code is injected automatically and less code 
has to be written by the user, resulting in smaller chance of making a mistake. 

7.1.2 Image handling 

Image handling is a crucial part of the web service architecture. The following 

subsections describe how the images are being dispatched to the user after a 

request and how does the process of storing images work.  

7.1.2.1 Http Handler  

Http handlers [12] are the earliest point where the developer has access to the 

request and this is why they are a good choice for implementing an image handler. 

The image handler is able to execute resizing of the original image from the server 

and supply the user with the appropriate image depending on the requested size. 

Size of the image can vary depending on the platform that requests it. For example a 

web application will often require greater size images then a mobile application. The 

presented design of the handler is ready for possible future changes of request and 

can adapt to them in a flexible way. 

The image handler accesses the file stored on the hard drive through the path 

parameter supplied in the request. After fetching the image the handler resizes it and 

sends it back to the user. 

This approach is being used in the initial phase of the project. It has not been tested 

on a big amount of requests for images and therefore its impact on performance and 

processor usage is not known. However, this approach could be very useful for “start 

up“ projects where there is no infrastructure available for storing images in multiple 

resolutions for different purposes (profile picture, album picture, thumbnail) and 

server demand is not high. 

7.1.2.2 Ftp storing 

One of the constraints was a pre-implemented image storing mechanism which used 

FTP for image files and database to store image paths. In order to evaluate if the 

existing mechanism was appropriate, the next research question was defined: 

Should the images be stored on the hard drive or in the database? 

Results of Microsoft research [26] are pointing out that for images of average size of 

one mega-byte the best choice is the hard drive but for images of average size 

around 256 Kb, the database gave better performance. Still the performance would 

vary depending on how write intensive was the application using the database and 

how fragmented was the data. By following only this approach the images should 

have been stored in the database for the thesis case.  
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Additionally some research had more negative views on the subject of storing images 

in a database [27]. First of all the biggest problem with images stored in the database 

as binary large objects (BLOB) is that the database size grows quickly. This affects 

the backup process that lasts longer and becomes more difficult to execute.  

A general problem could arise in customer need to store specific data according to 

some industry specific archival rules which is a problem if the images are stored 

directly in the database. This case also applies to document management systems 

which should for the same reasons store documents outside of the database. Even 

by using SQL Server 2008 filestream data type the amount of archiving possibilities 

diminishes.  

A negative side effect of storing image metadata in the database and image files on 

the hard drive is data integrity which can be compromised if insert and delete 

operations did not execute properly and the operations were not executed as a 

transaction. 

If the project is targeting a large number of users and it is anticipated that the users 

will create heavy upload/download traffic it is better to divide the images and its 

metadata on the hard drive and database respectively. This approach provides lower 

database load and better responsiveness of the system.  

Another aspect should be taken into consideration and this is the one of cross-

platform usage of data, meaning that the images could be used by web, desktop and 

mobile applications. In that case the images would be stored in greater size or in 

multiple resolutions which would, according to the previous statements result in the 

division of metadata and image files outside of the database. 

Advanced image handling and retrieval is described here [28]. It describes the 

Facebook infrastructure for image handling and how it was optimized to diminish the 

number of I/O operations per image read operation.  

The previous facts and observations point to the conclusion that applications storing 

small sized pictures in small quantities could do it in the database but if the estimated 

amount of images that will be stored is big, meaning giga-bytes of images, the image 

files and metadata should be stored separately. 

7.2 Communication 

The SOAP protocol is used for communication between the Android application and 

the web services. It is supported by .NET web services.  

Since it relies on XML as an exchange format there are some potential problems that 

could occur during implementation.  

The first problem is the interface serialization problem. Interfaces cannot be 

serialized to XML which is why the response cannot contain them and it will raise an 

error if it does. A way of resolving this problem is by setting up a windows 
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communication foundation (WCF) [29] project which has support for interface 

serialization. 

A second problem was encountered during development and it occurred when two 

objects had a special relation type. The two objects were in a parent-child relation but 

not only the parent had a reference to the child, additionally the child had a reference 

to the parent too. So the relation was bidirectional. Bidirectional relations cannot be 

serialized to XML because the process of serialization gets stuck up in circular 

dependency loop. Circular reference serialization should be addressed in the same 

way as the first problem by setting up a WCF project for the web services. WCF has 

an attribute called “IsReference” which can be set as an optional part of the contract 

for serializing and deserializing data. 

7.3 Security  

Security is set up on a basic level. Basic authentication is set on the server where the 

web services are deployed. It should be definitely improve but since it wasn’t the 

primary focus of the thesis little was done in that field.  
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8 Data model 
The data model section describes what technologies are used for storing data and 

what guidelines were followed in the process of modeling. It has an overview of 

improvements that can be done to the model to make it more advanced and rich of 

metadata. It points out which built in functions should be taken into consideration 

while modeling and how do they improve the overall maintenance of the database. 

8.1 Database  

The database used to store data on the server side is SQL Server 2008 [2]. This 

database has been chosen because the web services are developed upon the .NET 

platform so it was a natural choice because of its native support in .NET. Of great 

importance is the built-in support for Geo-data which eliminates the need of a special 

database for storing geographical data and executing Geo-specific functions upon 

that data set.  

The next sections describe the advantages of using SQL Server 2008 and it explains 

real-life best practices in designing the database model.  

8.1.1 Relational database with spatial data and spatial queries 

Spatial queries are database queries that work with geographical data like 

geographical points. These queries are used for determining spatial relations 

between Geo-data (geographical points) and are extremely expensive to execute in 

normal relational databases that don’t have support for geographical data. Expensive 

means that the queries would be long lasting and heavy on processor power 

consumption. This is why the native support for Geo-data is very important. The 

possibility of executing queries quickly and sending the response through the web 

service back to the mobile device will finally provide a great user experience. 

The following code fragment shows an example of using a spatial-function in SQL 

Server 2008. The third parameter is a spatial reference system identifier which is 

used to uniquely identify spatial coordinate system definitions. 

GeoPoint.STDistance(geography::Point(@latitude, @longitude, 4326)) as 

DistanceFromReference 

Code listing 14: Spatail function 

STDistance function returns the distance from the GeoPoint geography data to the 

new point supplied as the function parameter. This is how users can get precise 

calculations of distance between their current location and the desired locations they 

are looking for. 

8.1.2 Model  

Figure 6 shows the diagram of the database model containing all the tables that 

represent the real-life model that is being used to implement the application and 

analyze the design directives that should be used. 
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The following entities/tables are part of the prototype model: 

 Facility – A table containing general data about facilities that a Customer can 

have. 

 Facility Type – Type of facility. Prototype example: Club. 

 Customer – the owner of the facility. Can have multiple facilities.  

 Customer Type – Type of customer. Prototype example: Club Owner 

 Club – Specialization of the facility table. Example a sport club. 

 Event – An event connected to a club. Describes what is going on in the club 

 Media Gallery – Gallery of media items (photos) 

 Media Item – A table holding media item data 

 Media Type – A table holding MIME types  

 Club Media Gallery – Binding table between a club and its media galleries 

 Visit log – A table containing visit log of a facility or a facility specialization 

 City Post – A table containing data about cities 

 Poi – A table containing points of interest with geographical data 

 Poi Category – A table containing categories of points of interests 

 Poi Source – Source of the point of interest where a user can find more useful 

data about a point of interest 

To improve the model and keep track of user changes to data, every table has four 

columns added. These columns are: 

 DateCreated 

 DateModified 

 CreatedBy 

 ModifiedBy 

Initialy the fields CreatedBy and DateCreated are field with default values that are 

defined as constraints on the table. CreatedBy is filled by the session Context stored 

user e-mail and the DateCreated is set by the current date at the time if the 

procedure execution. 

Every time data is changed by making an update/delete operation a trigger is 

executed on the table and the DateModified and ModifiedBy fields are updated. It can 

be both very useful in development phase to keep track of colegues making changes 

to database data and in production to keep track of users executing operation on 

their data. 

The fields CreatedBy and ModifiedBy are set by getting the user e-mail from the 

procedure execution context which is previously been set for the user session. 

Therefore by using the context information property each session can be assigned to 

the specific user, executing operations on it. Consequently user data changes  can 

be tracked. Finally it reusults in a improved and decoupled design of several 

database operations. 
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Figure 7: Data model 
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8.1.3 Stored procedures 

A stored procedure is a portion of code which executes a specific task in the 

database using Transact-SQL statements which are an extension of SQL. The 

procedures are used because one of the requirements is fast retrieval of data. The 

data from the procedure is returned directly to the web service application and no 

object-relational mapping tool is used to serialize and deserialize data. The web 

service is intended to work with high traffic meaning data retrieval speed is of crucial 

importance.  

Stored procedures enable easy encapsulation of transactions. Transactions are used 

when a user needs to do changes on multiple tables. If only a part of the changes 

would be made, the database would be in an inconsistent state which would make 

the data state not representative and “dirty”. Transactions enable rollback of 

transaction changes to keep the database in a consistent state. Transactions are 

atomic operations, which means either all parts of the transaction are executed 

successfully or the transaction is rolled back and all the partial changes are restored 

to the original state. 

An example of a stored procedure is shown in code listing 15. 

ALTER procedure [dbo].[sp_Club_Ins] 

--Facility fields 

@customerId int, 

@facilityName nvarchar(50),  

@cityId int , 

@streetAddress nvarchar(100), 

@phone1 nvarchar(20), 

@email nvarchar(30), 

@website NVARCHAR(100)=null, 

@facebook NVARCHAR(100)=null, 

--Club fields 

@clubName nvarchar(50), 

@startend nvarchar(20)= null, 

@seasonstart date= null, 

@clubId int output 

as  

begin 

 begin try 

  begin transaction 

   declare @facilityId as int 

   insert into Facility 

   ( FacilityTypeID, 

    CustomerID, 

    Name, 

    CityID, 

    StreetAddress, 

    Phone1, 

    Email, 

    Active) 

   values 

   ( 'CL', 

    @customerId, 

    @facilityName, 

    @cityid, 

    @streetaddress, 
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    @phone1, 

    @email, 

    1 

   ) 

   set @facilityId=SCOPE_IDENTITY(); 

   

   declare @vislog as int 

   insert into dbo.VisitLog(NumberOfVisits) select 0 

   set @vislog=SCOPE_IDENTITY() 

    

   INSERT INTO Club 

      (FacilityID 

      ,Name 

      ,StartEnd 

      ,SeasonStart 

      ,VisitLogID 

      ,WebSite 

      ,FacebookSite 

   ) 

   VALUES 

      (@facilityId, 

      @clubName, 

      nullif(@startend,''), 

      @seasonstart, 

      @vislog, 

      nullif(@website,''), 

      nullif(@facebook,'') 

   ) 

     set @clubId=scope_identity();    

     commit transaction 

   end try 

    begin catch 

    rollback transaction 

    declare @em varchar(300) 

    set @em=ERROR_MESSAGE() 

    raiserror(@em,16,1) 

   end catch 

end 

Code listing 15: Club insert stored procedure 

The procedure inserts a Club into the database. The Club is a specialization of a 

facility so first a new facility must be inserted with its attributes and after that a club 

has to be inserted with its attributes and the facilityID which it references. Also a visit 

log record is created which the club record references, too. 

8.1.4 Triggers 

A Trigger is code that is automatically executed when a certain event occurs. 

Every table contains four fields for keeping track of record manipulation. The fields 

were mentioned in section 8.1.2. Each table has a trigger which executes after an 

update operation. The update event trigger can be seen in code listing 16. 

ALTER trigger  [dbo].[update_Event] on [dbo].[Event]  for update 

as  

begin 

 if update(createdby) 

  return 
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 declare @ci as varchar(40)=dbo.fn_gci() 

update t set ModifiedBy=@ci,datemodified=getdate() 

from dbo.Event t join inserted i on i.EventID= t.EventID 

end 

Code listing 16: Update event trigger 

The update event trigger gets the context from the user session and updates the 

ModifiedBy field with the username in the context and DateModified field with the 

current date-time for the event that is being updated. 

8.1.5 Data deletion 

User data is really important for business analysis to gain an insight into user habits. 

This is why user data does not get deleted at all. It just gets “deactivated”. Every 

table has a field called Active which has a bit value, true or false (non deleted data 

could be fetched by setting the where statement of a SQL query to check for Active = 

1). In this way data can be restored at any point in the future if the user has made a 

mistake or if a user gets deactivated for some purpose. 

Another positive aspect of keeping the data is because it can be used for data 

mining. This way, user habits can be analyzed and conclusions could be made to 

improve specific user’s experience.  

8.2 SQLite database on mobile device 

SQLite [1] database is used for the purpose of storing data locally on the Smartphone 

device. The Android SDK has native support for SQLite which is easy to use and 

most important of all lightweight. It requires zero configuration to set up the database 

engine. Since the data model stored locally on the phone is extremely simple it 

seemed that the best option was to use the natively supported database. Additionally 

there are other embedded databases that could be used instead of SQLite such as 

Empress Embedded [4] database for Android. Again because of the simple model, 

object-relational mapping (ORM) tools wouldn’t provide any particular improvement 

or easier handling of data. Additionally it would take time to learn how to use them, 

which it does not represent a priority for the thesis. However ORMLite [6] and 

ActiveAndroid [5] should be taken in consideration as valuable ORM candidate tools 

if the part of the model on the mobile applicaiton changes and becomes more 

complex over time. 

The database is created directly from the Smartphone application when first run and 

the initialization data has to be supplied when creating it. 

The Android prototype uses the SQLite database to store data that doesn’t change 

through time. It stores data regarding cities like city name, postal code for the 

purpose of using auto complete text fields in the application. It would not be efficient 

to call a web service every time a person types a new letter into the text field 

because it would be slower and bandwidth consuming.   
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9 Debugging  
While debugging a .NET web service, the service gets deployed on the asp.Net 

developer server which can be accessed only through the localhost interface. This 

behavior limits the access to the web service which means it cannot be accessed 

from the Smartphone device. Debugging becomes a nightmare for the developer at 

this time.  

There is a quick hack to this problem which consists of putting the whole web method 

body in a try-catch block, catching the exception, extracting its message and 

returning it in a response.  

Hacking is not a long term solution so another approach had to be taken. Port 

forwarding turned out to be the solution to the problem. The main idea is to fool your 

machine that the request is coming from itself to your asp.NET developer server. 

Redirection can be done by a third-party application that is installed on your machine 

which will simulate that the request came from your machine, when in fact it arrived 

from your Smartphone device. Therefore, the debugging process is now available on 

both client and server because the two parts of the system are able to communicate. 

This approach should definitely be used by developers that run into this kind of 

problem. Finally the Smartphone and the asp.NET developer server are connected. 

There are other ways of resolving the problem. One is publishing the application on 

internet information services (IIS) and enabling remote debugging on IIS. This 

approach requires additional components to be installed on the machine so that it 

can support remote debugging. 

Multi-process debugging of Android applications in Eclipse is another possible 

scenario that a developer could run into. Section 6.5.3 introduced a multi-process 

environment in a prototype application. While debugging the application the 

debugger would attach to the process of the activity with foreground interaction with 

the user. However the other process, with the custom service, was defined as 

“remote” in the Android manifest (configuration file of the application) and therefore 

was not debugged by default. Finally this problem was resolved by using Dalvik 

Debug Monitor Server (DDMS) which is a tool with a vast amount of features for 

manipulating the Android system and its resources. DDMS enables the developer to 

attach the debugger to multiple processes at once. The only restriction is that the 

developer has to have the source code of the debugged application in a project in the 

workspace. 
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10 Portability and reuse of code regarding other platforms 
This section presents a research on portability and reuse of code in Smartphone 

application development regarding different mobile development platforms like iOS 

and Android which are the primary focus of this research. It analyzes different 

approaches on cross-platform code generation and how efficient it is. Additionally the 

problem of porting the code to web and desktop development platforms was address 

too. 

One of the approaches for creating reusable and portable code is by structuring 

projects in a reusable way by abstracting classes that share same functionalities 

across different platforms like database tasks, logging tasks and system architecture 

in general. It can be used for projects that are developed in the same programming 

language and can target a desktop, web or mobile platform. By doing this developers 

have a prepared template to start working on, but this template has a lot of abstract 

classes that need to be implemented for the specific platform and they add a layer on 

top of the native code that runs certain tasks which  diminishes the overall 

performance. The impact of these points has to be analyzed in the beginning. As a 

conclusion, the faster start of the project by using templates must be compared to the 

time spent to design and create a specific template that will satisfy most of the 

specific platform needs that it is targeting and in which degree can the starting 

template be reused [30] [31].  

Android NDK [7] is the Android native development kit for developing parts of the 

application in C/C++. It allows the user to develop in C/C++ and use the advantages 

of the languages for boosting performance of critical application parts. Except from 

increased performance it gives the user the opportunity to reuse this code on other 

applications and platforms that support C/C++. The Android NDK should be used for 

implementing CPU intensive operations and physics simulations [7]. Good example 

of usage would be game development and signal processing. If the developer still 

wants to write more code in native code then the focus should be on non platform 

specific code. For example if the developer is using MVC architecture then the model 

and controller which holds the business logic could be implemented using C/C++ but 

the platform specific presentation layer should be developed separately. 

BatteryTech [32] is commercial high-performance mobile platform abstraction 

framework that targets Android and iOS platforms. It is mainly targeted at game 

development and it provides a game engine written in C++ that is using C++ libraries 

for rendering the graphics. It helps the user develop for both platforms by abstracting 

operations from specific platform calls which need special parameters. It enables the 

user to write one code for both platforms. 

XMLVM is a flexible extensible cross-compiler tool-chain [33] which has support for 

cross-compiling between different platforms. The part of interest for this report is the 

Android - Java to iOS - Objective-C cross-compilation. It provides a special library 

that has the same functionality of the Android API but it makes use of the Java-based 
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API for Coca Touch meaning that it knows how to communicate with hardware and 

use features of the iOS platform. Cross-compilation process cross-compiles the 

application and the special library to Objective-C and it connects them with the 

Cocoa Touch library. This approach creates a native iOS application. The tool is not 

extensively tested and if a bug occurs on the cross-compiled application it usually 

means that there is a problem with the tool functionality. In that case developers can 

only file a bug report and wait for the new release, which can be considered as a 

negative aspect of using this tool. It has a great potential for the future and it is a tool 

developed at the San Francisco state university. 

The following are a set of tools that should be taken into consideration because they 

take advantage of web technologies for building mobile applications [36]: 

Appcelerator Titanium [38] is a commercial mobile web based application 

framework that uses the JavaScript programming language combined with HTML 

and CSS to create rich mobile applications. It is often addressed as a cross-compiler 

but it should not be called that way because it does not perform cross-compilation 

[39]. The JavaScript code is interpreted on a JavaScript engine during runtime and 

not in a webView, which is a built in browser that can be used in the applicaiton. 

Based on usage of Titanium APIs the build scripts create JavaScript to native code 

bindings that are used to render native UI and make calls to native API functions. It 

targets Android, iOS and desktop applications for Windows, Linux and Mac. 

Rhodes [42] is an open source framework for creating mobile applications using web 

technologies. It has a hosted development environment for generating mobile 

applications using Ruby. The build is hosted so there is no need to install a SDK. It 

has a hosted runtime for its Sync server which is created upon the model objects that 

the developer needs for communication on the server. It has to expand its feature 

set. It can target multiple platforms such as Android, iOS, BlackBerry and Windows 

Phone 7. 

PhoneGap [34] is an open source mobile framework that enables web developers to 

create mobile applications by using JavaScript and HTML. It supports usage of 

hardware functions like GPS, accelerometer and camera from the single platforms. It 

is not truly native because the layout rendering is done in the web view and not by 

Objective-C and Corona Touch bindings. 

MoSync [35] is a software development kit that uses HTML 5/JavaScript and C++ to 

provide the developer with a wide range of features (Wormhole technology). It 

compiles the written code to the MoSync intermediate language (IL) which is then 

used for testing on the MoSync virtual platform for the specified target environment. 

The IL can then be transformed to native code for the desired environment. From the 

IL Java source code can be generated and compiled to target environments such as 

Android (Dalvik virtual machine) or J2ME runtimes.  
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Mono for Android [37] is a software development kit that enables the developers to 

program Android applications in C# programming language. The developer can 

reuse .NET libraries and code from other projects and include it in the Android 

application. This is possible because the applications run in the Mono execution 

environment which runs side-by-side with the Dalvik virtual machine. These two 

runtime environments run on top of the Linux kernel and communicate by using 

callable wrappers around methods. These wrappers are a Java native interface (JNI) 

bridge and therefore are used when Android code has to communicate with managed 

code and vice versa. Mono has support for creating iOS applications too, so common 

code could be reused for generating applications for the two platforms.  

Conclusion 

Cross-platform porting of applications can be done to some degree but there still 

does not exist a tool that can handle one base code and translate it directly to 

another specific platform language and compile it for a specific environment in that 

way providing best performance, responsiveness and native look. Regardless, the 

applications are capable of providing advanced features like access to location based 

services and hardware components like the camera and accelerometer.  

The simplest approach to code reuse is by structuring projects smartly and reusing 

the templates by abstracting functionalities that could be reused in future projects. In 

this way the “skeleton” of the application is ready for reuse. The next step is to 

program in native languages like C/C++ and share the common code cross platform. 

Other options consist of using XMLVM as a real cross-compiler which needs to 

mature more and it needs a larger community to start contributing to the project; web 

based mobile application frameworks like Appcelerator Titanium, Rhodes, PhoneGap 

and MoSync if coming as web developer and wanting to have a quick start in the 

mobile world by using well known programming languages like JavaScript and Ruby. 

Developers using .NET can try Mono for Android and iOS to start programming fast 

with C#, reuse their code from previous projects and create mobile applications for 

the specified platforms.  
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11 Recommendations and future work 
The recommendations for improvements target several parts of the system. This 

section presents an overview of possible improvements for both the web service side 

and mobile side of the system.  

Improvements on the web service side could be done by making changes to the 

architecture and data model of the application. A more complex model could be 

implemented for the purpose of collecting semantically rich data of usage behavior 

and improving the application accordingly. Secondly the web services could be 

enhanced by switching from basic .NET web service projects to Windows 

communication foundation (WCF) projects. WCF has improved support for more 

complex configurations. One of the features that it contains is interface serialization 

for XML data. This feature would solve some of the problems that were encountered 

during the implementation phase. Therefore it would be beneficial to make the switch 

to WCF as soon as possible, before the existing web service project grows too large. 

Another valuable option to consider would be switching to REST architecture and 

JSON as an interchange data format. REST could improve simplicity when accessing 

web services from the client side. Additionally, JSON is more lightweight interchange 

data format then XML which could lower bandwidth consumption. Finally, security 

should be improved by encrypting sensitive data (using secure socket layer (SSL)). 

The following set of improvements target the mobile side of the application. First of 

all, dependency injection should be introduced to create more cleaner and readable 

code. Dependency injection would result in less code produced overall, which most 

probably would lower the amount of bugs in the system. RoboGuice is the framework 

that introduces dependency injection to Android and is widely used in many 

applications and should definitely be used in future work [46]. Fragments should be 

taken into consideration if developing applications for both handsets and tablets. A 

fragment is a portion of behavior or a portion of user interface in an Activity [7]. 

Fragments are introduced in Android primarily to support more dynamic and flexible 

UI designs on larger screens. Each fragment has to reside in an Activity and it is 

bound to its lifecycle. Figure 7 presents the concept of fragments and why it should 

be used when developing applications for both tablets and handsets.  

.  

Figure 8: Activity fragments [7] 
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Finally, developers are encouraged to use Google Analytics for keeping track of 

application usage habits. Except from that, bugs can be caught and sent to the 

Analytics. Since there are a lot of different smartphones on the market, this kind of 

approach could be useful for discovering problems on specific devices. Analytics 

should be used especially in the BETA phase of the application development when a 

lot of valuable information could be gathered to improve the quality [17].  



 

61 
 

12 Summary  
Developing Android applications is very popular at the moment. In order to stay 

competitive, a developer has to produce high quality applications. Therefore, the 

primary goal of this thesis is to address that challenge. The problem analysis is 

based on making a research on the development process of a client-server 

application, having the client side represented by the mobile application and the 

server side represented by the web service project.  

Firstly, a high level problem formulation is presented to the user, defining shortly 

which topics are researched in the thesis. The high level problem formulation is 

followed by a hierarchical breakdown of the main problems of interest. Therefore, the 

thesis is divided into different sections, each aiming at a specific part of the design 

challenges. 

The following section introduced a research on related projects and their features. 

The purpose of the research was to analyze a chosen set of applications that share 

the same field of work by focusing on location data. Multiple features were analyzed 

and presented to the reader such as hard drive image caching, plain text password 

storing and usage of Google analytics. The features were analyzed by getting access 

to the system partition of the phone and by searching for application sensitive data. 

Additionally, network traffic was analyzed to get an insight in the request and 

response structure of the network calls, resulting in the conclusion that JSON and 

REST (Representational state transfer) APIs are widely used in the industry. 

Thirdly, the problem addresses mobile application architecture design. The research 

starts with an overview of the Android platform and its main features. Afterwards, a 

prototype of the mobile architecture is presented showing the pros and cons of a 

synchronous and asynchronous approach. Then, the reader is introduced with the 

options for local data handling, which the platform provides, and when should each 

option be used. Furthermore, image handling procedures are described thoroughly, 

pointing out the main concerns in image exchange with the service, such as scaling 

images because of potential out of memory situations. The following important topic 

of discussion is enabling SOAP communication using the ksoap2 library. A practical 

example is presented together with a set of potential issues that can be encountered 

during implementation. Finally, after resolving the main architecture dilemmas, the 

data was able to flow errorless inside the client-server system. At that moment, the 

location based focus of the thesis was addressed by presenting two modes of work, 

which the user could benefit from. The modes are split into reactive and proactive 

work mode. The reactive mode provides the well known “press to get” mode of work, 

meaning that the user has to request some data by pressing a button, and then the 

result will be displayed on a map or in a list. However, the proactive mode will enable 

the user to schedule proximity alerts, which are stored in the Android location service 

and fired once the user enters or leaves a specified area of interest. Therefore, the 

application will execute its work in the background and notify the user when a certain 

condition is satisfied. For this purpose, a service is implemented as part of the 
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application in conjunction with a broadcast receiver to handle the background 

processing. Additionally the service and the broadcast receiver run in a separate 

process. This kind of approach improves resource management by enabling the 

operating system to kill the process where the foreground application is executing 

and keep alive the “light” process with the running service. Moreover, the other 

process, hosting the foreground application, uses inter-process communication to 

exchange data with the process hosting the service and receiver. Finally, the section 

closes by presenting the existing UI guidelines suggested by Google engineers 

working on UI development. 

The next section introduces the second part of the challenge. Therefore, the web 

service project integration to the existing system is presented. Especially, the 

architectural design pattern of the existing system is described together with several 

software patterns used for creating a robust and stable system. Just as the mobile 

section, this section covered the communication and image handling procedures, too. 

It describes how the operations are executed on the server side by introducing http 

handlers. Furthermore, the section addresses the problem of storing images on a 

remote server by providing a discussion on pros and cons of storing images on disk 

or in a database. 

The challenge of defining the required data model for the given domain was 

presented, which meant that the domain area was understood correctly. With the 

definition of required entities, spatial data types and usage of spatial functions were 

introduced to the reader. Followed by an overview of enhancements that could be 

done to the model if properly taking advantage of the database management system 

tool’s potentials. 

Lastly, the problem of portability and reuse of code was covered in detail. One of the 

suggested practices is to create skeleton projects (templates) with abstract classes 

that different projects written in the same programming language can reuse. 

Additionally, more interesting approaches followed by introducing the concept of 

cross platform code generation. Many tools are presented that are trying to achieve 

this goal. Most of them are based on web technologies and are using JavaScript and 

HTML to build cross platform applications. This approach is possible because these 

tools have their own libraries which try to map to the native platform libraries with a 

one on one factor, thus providing the full set of native features.  
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13 Conclusion 
Since Android’s popularity is growing each day, a good understanding of the platform 

is needed to stay competitive on the market and distinguish your product with quality, 

which is precisely what this thesis tried to address. Following the concepts presented 

in the thesis the end product should be a “fresh”, “psychic”, “adaptive” and “smooth” 

Android application. Based on the research on related products, several important 

features were indentified which define a quality application behavior, such as 

asynchronous operation execution, hard drive image caching, usage of JSON, REST 

APIs and Google Analytics. However, the biggest negative practice discovered was 

that most of the applications store user-sensitive data in plain text on the private disk 

space reserved for the specific application. This approach implies security concerns 

for the users and should be resolved by encrypting the data. The following part of the 

research was characterized by the prototype construction process, targeting mobile 

and web platforms. An Android application architecture design was presented, 

developed considering the asynchronous work demand. Several Android platform 

specific challenges were addressed, too, such as memory management (caching and 

scaling images), performance improvement (multi process environment set up), data 

storage, platform’s service analysis (location, notification services) and 

communication implementation (SOAP). By reading this thesis, the reader should 

acquire knowledge in the field of Android application development, by getting an 

insight into a specific Android development problem. Additionally, the web service 

project was integrated in an existing system supplied as part of an industrial 

scenario, which provided a real-life example of extending existing systems with new 

features. The process provided a good insight into the difficulty of working on existing 

projects and upgrading them with additional functionalities. Potential future work 

improvements are presented to the reader aiming at the existing architecture and 

single components. In order to stay competitive on the market, a wide palette of 

mobile platforms should be covered, not only focusing on the Android platform. 

Therefore, the demand for code reuse and portability is of high priority. A way of 

addressing this problem is by using cross-platform code generation tools which 

enable the developer to write code once and deploy it on several platforms. Some of 

these tools are presented in the thesis. Since this concept of developing applications 

is evolving rapidly, further research should be done on the topic.  
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