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The following report presents the “3D Visualisation of Sensor Information on Google 

Android Platform” final year project. It describes how a 3D data visualisation application for 

building monitoring might be implemented on the Android platform and explains the design 

and development details. The program was first designed on a high level and then an iterative 

design process applied to arrive at the end solution. Topics such as 3D rendering using 

OpenGL, network connectivity, data storage, user interaction and application optimisation on 

mobile devices are introduced and explained in detail. The final product satisfies the 

requirements and allows monitoring the state of the building on the mobile device. 
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GLOSSARYGLOSSARYGLOSSARYGLOSSARY    
 

Android – a software stack for mobile devices developed by Google. It includes operating 

system based on Linux as well as hardware drivers and application support. 

API – Application Programming Interface, a code library that allows re-use of existing code. 

Vendors of various hardware and software platforms often release APIs to enable developer to 

interact with their products. Google APIs for Android are an example of that and allow 

creating applications for that operating system. 

Class – an abstract concept in Object Oriented Programming that encompasses data as well as 

functionality. Classes have properties and are able to perform actions. They are major 

building blocks of most of modern software. 

Code – source code of the application; this is what developer writes when creating an 

application - code is human-readable and writable, but compiler must be used to make it 

machine-readable (i.e. to make it functional); various examples of code can be found in the 

following report: they look similar to this: if (this.report == great) return 
happy; 

Device – in this report “device” means HTC Dev Phone 1 as this was the only device 

supporting Android at the time of writing. 

EGL – EGL is a part of Android’s API and acts as an interface between OpenGL and the 

operating system. It takes care of creating buffers, surfaces to draw on and making the sure 

the rendering is done efficiently. [11] 

GUI – Graphical User Interface; graphical environment enabling users to interact with 

software; successor of command-line interface 

IDE – Integrated Development Environment, usually an application that combines text editor, 

debugger and other essential tools to enable developers to write applications. In this project 

Eclipse IDE was used. 

Java – a high-level programming language developed by Sun Microsystems widely used 

across the globe. Java is an example of object-oriented language. Java is used to write 

applications on Android. 

MD2 – file format introduced by id Software with the release of Quake 2 computer game. It 

stores the 3D model information in an easy-to-read format, is designed to work with OpenGL 

and supports texturing and animations. 

Method – also called “routine” or “function”; a unit of code that may take some arguments, 

act upon them and provide output; methods constitute functional part of classes in object-

oriented programming; a method is usually denoted by a name followed by parentheses, like 

this: method(); if a method takes any arguments they are specified inside the parentheses: 

method(arg1, arg2) 

OBJ – file format first introduced by Wavefront Technologies. It is capable of storing 3D 

model information including geometry, texturing and lighting information (normals). 
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Object – main concept in object-oriented programming; an instance of a class; class can be 

seen as a template, while an object is an existing instance created according to that template 

Object-Oriented Programming – programming paradigm that creates a basis of modern 

software development. See section 5.1 from more information. 

OFF – (Object File Format) file format capable of storing basic 3D model geometric 

information (vertices and faces). This is format used in this project. 

OpenGL – programming environment that allows creating 2D and 3D computer graphics. 

OpenGL is an industry-standard tool, widely used and supported. It is cross-platform and 

cross-language and thus extremely flexible. 

OpenGL ES – version of OpenGL optimised for mobile devices with limited hardware 

capabilities. It is generally faster and requires less memory, but does not have all the features 

of “desktop” version of OpenGL. 

Resources – Resources are files included in an Android application that do not contain source 

code (i.e. they do not describe the behaviour), but are known to be constant throughout the 

application. Resources store data that should be accessed efficiently at various points in the 

application, like strings, images or XML files. Resources are compiled with the source code. 

[8] 

SDK – Software Development Kit, a set of APIs usually released by a vendor of a specific 

platform; here Android SDK is used 

SQL – Structured Query Language, computer language designed for interaction with 

relational databases. Majority of today’s databases are relational and use SQL. 

SQLite – an open-source library that allows using light-weight database engine. It does not 

need a dedicated server and is optimised for minimal memory footprint. [16] 

Subversion – open-source version control system that enables storing the source code and 

tracking changes as the development progresses. 

Thread – a thread of execution is a specific tasks that is being done by the processor. On 

Android every application runs in a separate thread to maximise efficiency. Furthermore, each 

application can have several threads. Even though a processor can only execute one thread at 

a time, switching between the threads is done quickly enough to give an illusion of 

concurrency. 

Vertex – a point in 3D space; vertex is defined in terms of three coordinates (positions along 

X, Y and Z axes); objects in 3D environments are defined in terms of individual vertices and 

edges/faces that connect them 

VRML – Virtual Reality Modelling Language for representing 3D vector graphics. It was 

designed for use on the Internet. 

XML – Extensible Markup Language designed to carry information. It is similar in format to 

HTML, but XML tags are not pre-defined and custom tags describe the data that the file is 

carrying. XML is a recommendation of W3C.
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1.1.1.1. IIIINTRODUCTIONNTRODUCTIONNTRODUCTIONNTRODUCTION    
"3D Visualisation of Sensor Information on Google Android Platform" is a final year project 

undertaken by a student on a BEng Electronics & Computer Engineering course at University 

of Surrey in Guildford, UK. It aims to design, develop and document an application that will 

run on Google Android mobile operating system.  

The aim of the application, on the highest level, is to communicate with a data repository that 

stores the information about sensor readings in the BA building on the University of Surrey's 

campus and represent the obtained data on a 3D model on the device's screen, thus visualising 

the current state of affairs in the building's rooms, such as lighting, temperature, occupancy 

etc. 

To gain a complete appreciation of the project it is necessary to be familiar with some 

background information, such as what Google Android is, knowledge of object oriented 

programming principles and tools used to build the application (Android SDK, Eclipse IDE 

and others) - these are explained in this chapter and this knowledge is built upon further in the 

report. 

1.11.11.11.1 Google AndroidGoogle AndroidGoogle AndroidGoogle Android    
Google Android is an open-source environment for mobile devices that includes operating 

system with hardware drivers as well as crucial phone functionality. It also provides way for 

programmers to create their own applications in Java and share them with the community. 

Android is based on Linux – it runs a Dalvik VM that is optimised for mobile use. [6] 

It is one of the projects of Open Handset Alliance (http://www.openhandsetalliance.com/) that 

aims to produce an open handset standard that includes both hardware and software solutions. 

Android is the software part of it and will enable developers and end-users to build and use 

the same operating system and applications on different devices from variety of 

manufacturers. 

Although this application will not be suitable to be released to the wider audience, it is worth 

noting that the Android Market, part of the Android project, is a great way to distribute 

Android-compatible software. It enables developers to release developed software at almost 

no cost and is also an effective marketing channel due to the large audience. 

Android is a one-of-a-kind solution with which the OHA aims to become a significant player 

in the smartphone market. Its openness is the biggest differentiator from other products in the 

field, and it enables much greater developer community and thus innovation. 

1.21.21.21.2 ToolsToolsToolsTools    

1.2.11.2.11.2.11.2.1 Android SAndroid SAndroid SAndroid SDDDDKKKK    
Google provides Android Software Development Kit to aid developers in producing Android 

applications. It consists of APIs that enable easy interaction with device's hardware (buttons, 

touch screen, compass, GPS etc.) and operating system. It also includes a plug-in for Eclipse 

IDE that enables easy debugging and simulation of written applications. At the time of writing 

the report, the latest version was the Android 1.5 SDK and the latest Eclipse plug-in version 

was 0.9. However, due to the timing constraints (the latest version was released exactly one 
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week before the deadline for this project) the project was written for the previous release: 

Android SDK 1.1 r2 and ADT Eclipse plug-in v0.8. 

1.2.21.2.21.2.21.2.2 Eclipse IDEEclipse IDEEclipse IDEEclipse IDE    
Eclipse IDE is "an open source, robust, full-featured, commercial-quality, industry platform 

for the development of highly integrated tools and rich client applications" [4]. 

It is widely used in industry and highly customisable, especially with the use of plug-ins (such 

as the one developed for Android). 

1.2.31.2.31.2.31.2.3 Google CodeGoogle CodeGoogle CodeGoogle Code    
Google Code is a service for application developers that makes project management for 

software products easier by providing a common repository for requirements, design 

documents etc. It also provides a code repository, which uses Subversion as the version 

control system. To access this project’s website, see [9]. In order to browse the source code 

click on the “Source” tab, then choose “Browse” and navigate to 

“svn/trunk/vsiogap3d/src/”. 

The author has found the ability to recover previous versions of the source code as well as to 

track current issues extremely useful. 

1.2.41.2.41.2.41.2.4 SubclipseSubclipseSubclipseSubclipse    
Subclipse is a plug-in for Eclipse IDE that enables working with Subversion version control 

system. It can be configured to connect to the code repository on Google Code. It provides 

GUI the enables all the necessary Subversion activities like checking out the code from the 

repository, committing the changes, branching/merging the code etc. Subversion is an 

industry-standard tool used by many developers with different environments, platforms and 

languages. 
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2.2.2.2. PROJECT DESCRIPTIONPROJECT DESCRIPTIONPROJECT DESCRIPTIONPROJECT DESCRIPTION    

2.12.12.12.1 Project ObjectivesProject ObjectivesProject ObjectivesProject Objectives    
The aim of the project is to design and develop an application for Google Android operating 

system. The application should be able to interpret data stored in a repository and represent it 

graphically in three-dimensional environment. Interpreted data will contain information about 

sensor readings from within a single building and will be stored in an OWL (Web Ontology 

Language – see section 3.5) format. 

  

Specific objectives are as follows: 

• Application will be written using Android SDK in Java and should run on all 

Android-powered devices with appropriate system version. 

• The application will show a 3D representation of provided data mapped onto a 

model of a building. The data will contain information about sensor readings in 

different rooms in the building. Each set of readings for any given room will be 

represented as a set of icons on the room's walls and other indicators (such as 

lighting). 

• Data will be refreshed on application start and whenever user request and update. 

• User should be able to freely navigate in the 3D space. That means ability to view 

object from different perspectives (rotate around X and Y axes) and to zoom in/out 

on the specific point. 

• Optionally, there should be a possibility for the user to set values for given 

actuators and write them to the repository. This feature will be added if time and 

resources permit. 

• Input (and optionally output) will be in an OWL XML format. Data in the 

repository that the application will connect with will be stored in OWL XML. 

• Design and documentation for this project are crucial and are also success 

indicators. Design should be sufficiently documented and carried out in a well-

structured way, following best software development practices. 

2.22.22.22.2 Expected Outcomes Expected Outcomes Expected Outcomes Expected Outcomes and Testingand Testingand Testingand Testing    
By the end of the project a working application is expected to be developed that fulfils the 

requirements. The application should be fully functional and usable with no major issues or 

bugs. 

If time permits, some of the optional requirements may be fulfilled as well, such as the 

possibility to update the repository from the device. 

  

The tests are based on the requirements, so that each test will determine whether a specific 

requirement, or a set of them, is met or not: 

  

• Ability to show a 3D representation of data 

- Test procedure: Check if the application shows the model of the building with 

appropriate indicators (icons) in appropriate places. Write known data to the 

repository knowing what results it should produce (e.g. room with sensorId 

= 10 has measured temperature of 15° C, light turned on and no movement 

detected.) Load this data onto the device and see if the model shows room with 
sensorId = 10 to have required attributes (light turned on and no 

occupancy.) The test is successful, when all the data is represented correctly 

and all the indicators are in the right places. 
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• Ability to pull and present data from the database in real time. 

- Test procedure: Update the data repository and refresh the data manually 

(option in the menu) monitoring how long it takes. The test is successful, when 

the update takes place and the procedure (from the time the update is triggered 

on the device) does not take longer than 10 seconds. 

• UI Requirements 

- Test procedure: Check that rotation about the X and Y axes as well as zooming 

in/out is possible. Ensure that the UI enables the user to navigate to see any 

part of the model freely. Ask novice users to navigate to a specific point and 

record whether they encounter any difficulties. The test is successful, when 

users manage to navigate to the desired place easily and quickly 

  



 

3.3.3.3. LITERATURE REVIEWLITERATURE REVIEWLITERATURE REVIEWLITERATURE REVIEW

3.13.13.13.1 Methods of Gathering InformationMethods of Gathering InformationMethods of Gathering InformationMethods of Gathering Information
Because Android is a relatively new product there are not many books available on the subject

and the ones released are very general

information on the Internet - official, Google

ones. Therefore, while information on general topics, such as project management, software 

development methodologies, 

taken from books and journals, Android

obtained from the Internet. 

3.23.23.23.2 Choosing Software Development MethodologyChoosing Software Development MethodologyChoosing Software Development MethodologyChoosing Software Development Methodology
During any software development 

designing the software, to have a 

structured software development lifecycle.

been developed and described over the years to accommodate different needs of different 

projects. In this section, several main methodologies are pres

discussion on why they are suitable for this project.

Below is only a summary of some

methodology is best suited for this project

refer to [13] (pp. 133 – 161), where this subject is explained in much greater detail.

Figure 
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LITERATURE REVIEWLITERATURE REVIEWLITERATURE REVIEWLITERATURE REVIEW    

Methods of Gathering InformationMethods of Gathering InformationMethods of Gathering InformationMethods of Gathering Information    
Because Android is a relatively new product there are not many books available on the subject

and the ones released are very general. There is, however, a vast amount of

official, Google-run websites as well as private, community

ones. Therefore, while information on general topics, such as project management, software 

 object-oriented programming principles and best practices are 

taken from books and journals, Android-specific and project-specific information is mainly 

Choosing Software Development MethodologyChoosing Software Development MethodologyChoosing Software Development MethodologyChoosing Software Development Methodology    
During any software development project it is essential to collect the requirements before 

are, to have a design before implementation etc. – namely to follow a 

structured software development lifecycle. As circumstances vary, different lifecycles have 

nd described over the years to accommodate different needs of different 

In this section, several main methodologies are presented and are followed by a 

y they are suitable for this project. 

only a summary of some common methodologies followed by a discussion, which 

methodology is best suited for this project. For more detailed information

, where this subject is explained in much greater detail.

Figure 1: Pure Waterfall model as found in [15], pp. 329 

 

Because Android is a relatively new product there are not many books available on the subject 

is, however, a vast amount of detailed 

run websites as well as private, community-run 

ones. Therefore, while information on general topics, such as project management, software 

oriented programming principles and best practices are 

information is mainly 

project it is essential to collect the requirements before 

namely to follow a 

As circumstances vary, different lifecycles have 

nd described over the years to accommodate different needs of different 

ented and are followed by a short 

followed by a discussion, which 

. For more detailed information the reader could 

, where this subject is explained in much greater detail. 
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3.2.13.2.13.2.13.2.1 Pure WaterfallPure WaterfallPure WaterfallPure Waterfall    
Waterfall model is the oldest and the most well-known of all described here. It is probably the 

most intuitive one and it serves as the basis for most other models, even though many 

problems have been recognised since its introduction in [15]. The basic idea of this model is 

to divide development into few separate stages (like requirements analysis, design, coding, 

testing) and go through them in order. Each stage can only be started if the previous one is 

completed, i.e. coding would not start before the design is finished and approved. Because of 

the rigid structure this model is often used in formal projects that carry a high risk (for 

instance military projects) and carries a lot of documentation. In order for pure waterfall 

model to be suitable, requirements need to be well-understood and stable throughout the 

whole cycle. 

3.2.23.2.23.2.23.2.2 MoMoMoModified Waterfallsdified Waterfallsdified Waterfallsdified Waterfalls    
Despite its advantages it is usually better to use a variation of the pure waterfall model to 

address some of the major flaws. Described below are two changes that address its 

inflexibility and that will be adopted in this project. 

“Sashimi” i.e. overlapping phases is a model similar to the pure waterfall, with the exception 

of starting time of each stage. In sashimi model phases overlap slightly, so the design is 

started before the requirements are finalised, coding before the design is completed etc. That 

accommodates situations, where it is difficult to predict various problems, for instance when 

during coding it becomes apparent that a design decision was wrong. The name “sashimi” 

comes from the fact that the graph representing this particular model resembles the Japanese 

dish. 

 

Figure 2: Sashimi model as found in [13], pp. 144 

Allowing for more regression (coming back to stages that have already been gone through), 

which is called “risk reduction” by [13], allows to revise the stages that have been already 

gone through, taking into consideration how some of the later stages progressed. 
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3.2.33.2.33.2.33.2.3 DesignDesignDesignDesign----totototo----ScheduleScheduleScheduleSchedule    
This model is suitable for projects, where delivering a product by the given deadline is the 

critical success factor – even if the product doesn’t have all of the specified features. It is 

based on several releases, each one with lesser priority features than the previous one, so that 

the most important requirements are satisfied first. Subsequent releases are made until all 

features are included, or until the time runs out in which case only the low-priority 

characteristics are missing. 

Design-to-Schedule model is best suited for situations, where the deadline is unmovable and it 

is hard to predict, whether all the work will be completed by then, making it a good choice for 

this project. 

To summarise, this project will use: 

- waterfall model as a base for the development methodology 

- overlapping stages to enable working on two different stages simultaneously 

- iterating over stages that were already gone through to enable refining design 

and coding decisions based on knowledge acquired at later stages 

- planning for few releases, each adding functionality to the previous one, to 

ensure that at least some version of the software is ready by the deadline 

 

Figure 3: Adopted Development Model 

Requirements Analysis

Architectural Design

Detailed Design

Coding and Debugging

Testing and Validation

Coding and Debugging

Testing and Validation

Coding and Debugging

Testing and Validation

Release 1

Release 2
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3.33.33.33.3 Similar ProjectsSimilar ProjectsSimilar ProjectsSimilar Projects    
The author was unable to find Android projects that would be useful for this topic described 

in any publication such as a journal or a book. This is probably due to the fact that Android is 

still a young platform and also because it is far easier to distribute such projects electronically, 

for instance via an Internet website. Therefore, the following projects all come from various 

referenced websites and while some of them (like Google’s API Demos) are very well-

documented, others only include the source code with no documentation at all. All of them, 

however, proved useful in illustrating how to achieve some of the tasks needed for this 

project. 

3.3.13.3.13.3.13.3.1 API DemosAPI DemosAPI DemosAPI Demos    
This Google-developed project acts as a sample of all the basic operations on Android. It 

covers a wide range of topics, from simply displaying text on the screen to using dialog boxes 

to managing notifications to 3D graphics. 

For this project, Graphics\OpenGL ES part of this sample is of particular interest. It illustrates 

the most basic ways of working with the OpenGL ES API, from creating a scene to drawing 

static and animated objects. It also includes texturing. 

While useful to gain familiarity with Android’s 3D capabilities, this code only uses simple 

models that can be built programmatically, like cubes and triangles. Because of complexity of 

the model in this final year project, this approach in not suitable and a way needed to be found 

of importing externally-built models and using them. 

3.3.23.3.23.3.23.3.2 AndroidGLAndroidGLAndroidGLAndroidGL    
AndroidGL consists of eleven tutorials, which present basic OpenGL ES functionality. While 

first few of them are comparable to the examples found in the API Demos, later ones go into 

more depth. Concepts such as animation, lighting and reflections are implemented, however, 

with minimal documentation. 

Each of the tutorials presents a single concept and the author has found them useful in 

familiarising with OpenGL and its capabilities. However, even though the libraries include an 

.md2 loader that should be able to load external files into OpenGL ES, no tutorial makes use 

of it. 

3.3.33.3.33.3.33.3.3 Suhas3DSuhas3DSuhas3DSuhas3D    
The following project does exactly what API Demos and AndroidGL were missing in terms of 

functionality. It loads an .md2 file with a 3D model and animates it on the Android platform. 

Although there is not much documentation, it is still very useful and allows for code reuse. 

The downside is that the animation appears to be very slow. This is most likely caused by an 

un-optimised source code and wide use of floating point numbers (mobile devices do not have 

dedicated floating point hardware, so all the calculations are done in software and are thus 

relatively slow.) 

3.43.43.43.4 AndroidAndroidAndroidAndroid    TechnicalTechnicalTechnicalTechnical    InformationInformationInformationInformation    
Android, as mentioned before, is a complete software stack that enables development of 

applications to control almost every aspect of how the device works. The architecture of the 

system can be seen on Figure 4.  



 

Figure 4: Android Syste
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: Android System Architecture as presented by Google in [6] 

Starting from the bottom of the stack, different tiers include: 

Linux Kernel takes care of low-level memory and power management as well 

as contains drivers to interact with the hardware. It uses Linux version 2.6

Android Runtime provides core Java libraries to be used by developers as well 

as Dalvik virtual machine support. Dalvik is optimised for mobile devices 

(minimal memory usage) and each application runs on a separate instance 

(separate virtual machine). 

aries provide support for non-core, but essential capabilities like media 

framework, graphic libraries, database management and web browser engine. 

These are C/C++ libraries, as opposed to Java core libraries.

Framework introduces high-level classes used to build 

applications. They enable “black-box” approach to device’s features and 

another abstraction layer. Few components worth mentioning here are:

Activity (android.app.Activity) – this is what user interacts 

Activity can be a screen that is presented to the user, or it can also 

be a member of another activity. It receives user’s actions and acts 

upon them. Activity determines current Context. 

(android.content.Intent) is what activity sends to 

perform an action. It can be seen as a notification to the operating 

system that an action is to be performed. Intents are 

activities. 
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Android Runtime provides core Java libraries to be used by developers as well 

as Dalvik virtual machine support. Dalvik is optimised for mobile devices 

(minimal memory usage) and each application runs on a separate instance 

core, but essential capabilities like media 

web browser engine. 

These are C/C++ libraries, as opposed to Java core libraries. 

asses used to build 

box” approach to device’s features and 

another abstraction layer. Few components worth mentioning here are: 

this is what user interacts 

at is presented to the user, or it can also 

. It receives user’s actions and acts 

is what activity sends to 

a notification to the operating 

are also used to start 
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- Applications enable users to perform specific actions. All the phone functions 

(making and receiving calls, text messaging, camera, media playback, games 

etc.) are applications allowing developers to modify or even replace them if 

necessary. This project, when completed, will be an application. 

3.53.53.53.5 Background InformationBackground InformationBackground InformationBackground Information    on OWLon OWLon OWLon OWL    
OWL stands for Web Ontology Language. To understand what OWL is and why it was 

invented, first it is necessary to know what ontology means. In philosophical sense (the  

original meaning of the word) ontology concerns the nature of existence of things and 

relationships between them. In computer science terms, Web Ontology Language tries to 

create a machine-readable format of data that describes not only entities and their properties, 

but also relationships between such entities. 

Another, older standard RDF serves similar purpose and OWL is based on it. There are, 

however, some significant differences: OWL is a variation of RDF that has more strict rules 

and is also more machine-interpretable. OWL uses XML file format to represent the data and 

is a recommendation of W3C (World Wide Web Consortium). 

The purpose of OWL is to create “Semantic Web” that will be able to analyse data and draw 

conclusions that standard tools would be unable to. It aims to create a data model that will 

allow machine interpretation closer to the one exhibited by humans. 

Measurement information is stored in the data repository in OWL format as an XML file. Due 

to the nature of the measurements no reasoning needs to be performed on the device and thus 

the data is treated simply as an XML file that stores information. This saves the need of 

having a OWL interpreter, which would be a significant overhead. 
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4.4.4.4. REQUIREMENTSREQUIREMENTSREQUIREMENTSREQUIREMENTS    
Below is the list of requirements for the application, documented by the author after a 

discussion and an agreement with the customer on the application’s features and behaviour. 

The requirements were revised, according to the iterative development model, after creating a 

design and doing some development. The changes were then approved by the customer. The 

following is essentially a more detailed description of the application that follows from the 

objectives noted in the second chapter. It also forms the basis for the tests that shall be 

conducted after development. 

ID Func1: Ability to show a 3D representation of data 

Area Functional 

Description The application will show a 3D representation of provided data mapped onto a 

model of a building. The data will contain information about sensor readings in 

different rooms in the building. Each set of readings for any given room will be 

represented as a set of icons on the room's wall and other indicators (such as 

lighting). 

   

ID Func2: Ability to pull and present data from the database in real time. 

Area Functional 

Description Data will be automatically refreshed whenever database is changed (automatic 

notification from the database will be sent to the device to refresh data). It will 

also be possible to refresh the data upon user request. 

Refresh process should take less than 10 seconds. 

 

ID UI1: Welcome Screen 

Area UI 

Description After the application is initialised user will be presented with a welcome screen. 

By default, it would be the 3D space centred onto the model of the building. 

When no data is present, the model would still be presented, but with no sensor 

indicators. 

   

ID UI2: Main Menu 

Area UI 

Description Following options will be presented in the main menu (after pressing "menu" 

button on the device): 
o Refresh data (pull from the server) 
o Settings/Advanced - this would have additional sub-menu with following 

options: 

• Change data source location 

• Display data information (like when it was last updated, source 

location, etc) 
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• Ability to write actuator state to the database (if time permits) 
o Zoom In/Zoom Out 

   

ID UI3: Main Screen 

Area UI 

Description Main screen will comprise of model of the building in the centre of the screen 

with appropriate sensor indicators mapped onto it. 

  

ID Nav1: Navigation 

Area UI/Navigation 

Description User should be able to freely navigate in the 3D space. That means ability to 

view object from different perspectives (rotate around X and Y axes) and to 

zoom in/out on the specific point. 

Notes Rotation around Z axis should not be necessary and could complicate 

navigation. Also, as the model will be a building, this will provide a feeling of 

"stability". 

   

ID Nav2: Touch-screen navigation (rotate) 

Area UI/Navigation 

Description User will be able to navigate using the touch-screen. For instance sweeping the 

finger down across the screen will rotate the model around the X-axis 

"towards" the screen, while sweeping a finger left will rotate the model "left" 

around the Y-axis. 

   

ID Nav3: Touch-screen navigation (pan) 

Area UI/Navigation 

Description User will be able to pan the view to change the point where the camera is 

pointing. 

       

ID Nav4: Automatically adjusting view to the phone position 

Area UI/Navigation 

Description Software will display the model of the building in a "portrait" mode if the 

phone is held vertically and in the "landscape" mode when the phone is held 

horizontally. 

Notes Until Android version 1.5 the orientation flipped only after the physical 

keyboard was opened. From version 1.5 and above, the orientation flips after 

the device’s position is changed (this application uses version 1.1). 
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5.5.5.5. ANALYSISANALYSISANALYSISANALYSIS    AND DESIGNAND DESIGNAND DESIGNAND DESIGN    
This section explains how the application development was planned, how the design process 

was carried out and how the software development lifecycle described in section 3.2 was used 

to assist in design and development. 

Firstly, however, principles of object-oriented programming are explained as they are 

essential in understanding the design and further discussion. 

5.15.15.15.1 ObjectObjectObjectObject----Oriented ProgrammingOriented ProgrammingOriented ProgrammingOriented Programming    
Object-oriented programming is a method of designing and writing applications that organises 

source code to create “objects”. Object is an instance of a class and represents an entity, 

which might correspond to a real-world concept (like a building) or an abstract idea. Object-

oriented approach can be viewed as an extension of procedural programming – while 

procedural programming creates an abstraction for procedures (or methods, functions), which 

do something specific, object-oriented programming creates objects, which both do something 

and contain something (data). 

More specifically, objects contain methods as well as data members. Both methods and 

members can be accessible from outside (public) or restricted only for in-class use (private.) 

The distinction between a class and on object is that a class is a template based on which 

object is instantiated. 

5.1.15.1.15.1.15.1.1 AbstractionAbstractionAbstractionAbstraction    
One of the main advantages of object-oriented approach is the created abstraction that can 

provide substantial advantages by hiding complexity. For instance when two objects interact 

they need to call each other’s methods or modify data members. So object of class Driver 

might execute break() method on another object of type Car. Now, Driver does not 

need to know how break() is implemented – the only thing that needs to be clear is how to 

call it and what effect it has. If Driver is suddenly found interacting with a different Car it 

can be sure that break() can be called in the same way and will have the same effect – even 

though the implementation might be completely different. 

The advantage of the above is that break() can be changed without effect on the overall 

process. If the car is modified and breaking mechanism is upgraded Driver does not need to 

worry because the usage model is the same (similarly, if Car is replaced.) That makes the 

maintenance of the Car and the entire system much easier. 

5.1.25.1.25.1.25.1.2 InheritanceInheritanceInheritanceInheritance    
Now there are different types of Cars. One can find Cars of class Bentley as well as 

Fiat. Even though there are major differences between the two, they are both Cars and 

they can both break(). That means that class Bentley as well as Fiat inherit from class 

Car. Therefore some common methods are the same, but how they are implemented as well 

as what other members the classes have might be completely different. We can say that Fiat 

is a Car, but not the other way around. 



 

5.1.35.1.35.1.35.1.3 EncapsulationEncapsulationEncapsulationEncapsulation    
Encapsulation is about hiding the information that should not be viewed or modified by other 

classes and exposing only what is necessary. Because

particular class (which are most likely other classes) do not know how the class works inside. 

Therefore if they were given too much control over the internals, the most likely result wou

probably be undesirable. Therefore only strictly controlled “handles” should be exposed for 

external use. 

Encapsulation can be easily demonstrated on a class that has few data members. Let us 

assume that class Car has a data member named 

of passengers inside. If an outside class could modify it, it could set it to any value like 

2,147,483,647, which would be wrong

passengers member could be made 

and the number of passengers controlled by 

removePassenger() methods. This way, if 

no more free spaces, an error could be flagged.

The common way to encapsulate data f

methods, which read and write the data respectively and usually come in a form 

getField() and setField()

5.25.25.25.2 Design Design Design Design ProcessProcessProcessProcess    
This section describes the final design of the application that was arrived upo

iterations (as mentioned in section 

5.2.15.2.15.2.15.2.1 Black Box PerspectiveBlack Box PerspectiveBlack Box PerspectiveBlack Box Perspective
 

From the application description it was clear that few components should be present to 

logically separate tasks. Let us discuss each of them in turn and explain the

GUI component is responsible for user interaction. That means displaying information as

as collecting input from users. In this particular case, GUI display
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Encapsulation is about hiding the information that should not be viewed or modified by other 

ng only what is necessary. Because of hiding complexity users of any 

particular class (which are most likely other classes) do not know how the class works inside. 

Therefore if they were given too much control over the internals, the most likely result wou

probably be undesirable. Therefore only strictly controlled “handles” should be exposed for 

Encapsulation can be easily demonstrated on a class that has few data members. Let us 

has a data member named passengers corresponding to the number 

of passengers inside. If an outside class could modify it, it could set it to any value like 

, which would be wrong, unless the car was very big

member could be made private (and therefore inaccessible from outside) 

and the number of passengers controlled by addPassenger()

methods. This way, if addPassenger() is requested, but there is 

an error could be flagged. 

The common way to encapsulate data fields in a class is to provide “getter” and “setter” 

methods, which read and write the data respectively and usually come in a form 

setField(). 

the final design of the application that was arrived upo

as mentioned in section 3.2.2). 

Black Box PerspectiveBlack Box PerspectiveBlack Box PerspectiveBlack Box Perspective    

Figure 5: Early system-level design 

application description it was clear that few components should be present to 

Let us discuss each of them in turn and explain the

GUI component is responsible for user interaction. That means displaying information as

as collecting input from users. In this particular case, GUI displays a model of the building 

 

Encapsulation is about hiding the information that should not be viewed or modified by other 

of hiding complexity users of any 

particular class (which are most likely other classes) do not know how the class works inside. 

Therefore if they were given too much control over the internals, the most likely result would 

probably be undesirable. Therefore only strictly controlled “handles” should be exposed for 

Encapsulation can be easily demonstrated on a class that has few data members. Let us 

corresponding to the number 

of passengers inside. If an outside class could modify it, it could set it to any value like 

, unless the car was very big. Therefore the 

inaccessible from outside) 

addPassenger() and 

is requested, but there is 

ields in a class is to provide “getter” and “setter” 

methods, which read and write the data respectively and usually come in a form of 

the final design of the application that was arrived upon after several 

 

application description it was clear that few components should be present to 

Let us discuss each of them in turn and explain their functions. 

GUI component is responsible for user interaction. That means displaying information as well 

a model of the building 



 

(together with all the necessary indicators) from the angle specified by user input. User 

interacts with the model (rotate

and device’s buttons. 

GUI component then communicate

GUI sends information about camera position to the Drawer which returns an image of the 

model from that angle. Drawer crea

included in its output. 

Drawer receives information from two sources 

which is static and does not change, while the second source is dynamic and returns

information that depends on the data in the repository. 

DataProvider component, which downloads and stores the measurement data, interacts with 

two more blocks. Firstly Network, which represents the object that will connect to the Internet 

and obtain up-to-date information

Secondly SQLite Database that stores the information for future reference.

when data from the Network is older than the information stored in the database, the re

are not updated. 

As the data will be downloaded in the XML format, DataProvider should have the ability to 

parse the file, extract the information and convert it to format suitable 

Should additional requirements be implemented (

necessary to convert the data the other way

5.2.25.2.25.2.25.2.2 Data Model DesignData Model DesignData Model DesignData Model Design    
One of the critical design areas of this project is the design of data model 

the data obtained from the repository is interpreted, how it is stored in the database and used 

to draw the complete building model.

terms – for implementation details, see chapter 
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(together with all the necessary indicators) from the angle specified by user input. User 

with the model (rotates, zooms in etc.) by hardware controls – namely touch screen 

GUI component then communicates with the Drawer building block that 

GUI sends information about camera position to the Drawer which returns an image of the 

model from that angle. Drawer creates the complete image – building as well as indicators are 

Drawer receives information from two sources – the first one is a model of the building, 

which is static and does not change, while the second source is dynamic and returns

information that depends on the data in the repository.  

DataProvider component, which downloads and stores the measurement data, interacts with 

two more blocks. Firstly Network, which represents the object that will connect to the Internet 

date information, provided that there is an active network connection. 

Secondly SQLite Database that stores the information for future reference.

when data from the Network is older than the information stored in the database, the re

As the data will be downloaded in the XML format, DataProvider should have the ability to 

parse the file, extract the information and convert it to format suitable for

Should additional requirements be implemented (writing to the repository) it will also be 

necessary to convert the data the other way and upload resulting file. 

    
One of the critical design areas of this project is the design of data model –

repository is interpreted, how it is stored in the database and used 

to draw the complete building model. This section describes the data model in black

for implementation details, see chapter 6. 

Figure 6: High-Level Data Model View 

 

(together with all the necessary indicators) from the angle specified by user input. User 

namely touch screen 

with the Drawer building block that draws the model. 

GUI sends information about camera position to the Drawer which returns an image of the 

building as well as indicators are 

the first one is a model of the building, 

which is static and does not change, while the second source is dynamic and returns 

DataProvider component, which downloads and stores the measurement data, interacts with 

two more blocks. Firstly Network, which represents the object that will connect to the Internet 

, provided that there is an active network connection. 

 In an unlikely case 

when data from the Network is older than the information stored in the database, the records 

As the data will be downloaded in the XML format, DataProvider should have the ability to 

for database storage. 

writing to the repository) it will also be 

– it determines how 

repository is interpreted, how it is stored in the database and used 

data model in black-box 

 



 

As seen in Figure 6, Indicator object is at the centre of the data model. 

representation of a measurement taken at a specific point in time. It needs data from two 

sources – firstly the measurement itself to determine which room it should represent, which 

type of measurement (e.g. temperature, light or occupancy) it is and what is the measured 

value. Secondly it needs IndicatorData

this specific information should be displayed (

Room stores mapping information about which 

room (e.g. BA:U53). 

18 

, Indicator object is at the centre of the data model. Indicato

representation of a measurement taken at a specific point in time. It needs data from two 

surement itself to determine which room it should represent, which 

type of measurement (e.g. temperature, light or occupancy) it is and what is the measured 

IndicatorData information to determine where on the model 

formation should be displayed (x, y and z coordinates). 

stores mapping information about which sensorId (e.g. 10) corresponds to which 

Figure 7: Normal Application Flow 

 

Indicator is a visual 

representation of a measurement taken at a specific point in time. It needs data from two 

surement itself to determine which room it should represent, which 

type of measurement (e.g. temperature, light or occupancy) it is and what is the measured 

information to determine where on the model 

) corresponds to which 
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5.2.35.2.35.2.35.2.3 Application FlowApplication FlowApplication FlowApplication Flow    
Figure 7 presents the application flow under normal conditions (no errors, exceptions or 

outside events like incoming calls.) It is a high-level concept of how the application behaves 

and in what order the individual tasks are executed.  

It starts with loading the building model – regardless of the sensor data being available or not, 

at least an empty model should be displayed. After the model is loaded, the application checks 

whether or not the device has an active network connection. If the connection is not available 

the last known data is loaded from the database (if the database is empty, no information is 

loaded and no indicators displayed.) However, if the network is available the data is 

downloaded from the repository and then interpreted and stored in the database, providing it is 

more up-to-date. After the update is finished, the correct indicators are loaded for drawing. 

The “Draw” stage draws the scene, which is composed of a building model and sensor 

indicators. Because of how OpenGL works (see section 6.4.1 for explanation) the drawing is 

executed in a loop. While the loop is being executed, user can interact with the application 

using hardware controls to influence how the model is displayed. There is also an option for 

the user to exit, which ends the application life-cycle. 

5.2.45.2.45.2.45.2.4 User Interface DesignUser Interface DesignUser Interface DesignUser Interface Design    
Because the application is aimed at end-user interaction and data representation it is essential 

that user interface is clear and easy to understand. Fortunately it was possible to involve the 

customer in the UI design stage and the below description is a result of this collaboration. 

The most important requirement is to be able to view the 3D model freely. Therefore 

navigation methods have to be implemented to allow moving the model around the viewport – 

refer to the requirements chapter to read more about navigation.  

Another important feature is the ability to clearly present the data obtained from the 

repository so it is obvious to the user what the state of displayed room is. Data is to be 

represented with appropriate icons that show what kind of sensor they are representing and 

what is the value of this measurement. 

Early UI designs can be seen below (for final interface samples, please see Appendix 4). 



 

5.35.35.35.3 Planning the DevelopmentPlanning the DevelopmentPlanning the DevelopmentPlanning the Development
With the design complete, a project plan was developed in order to utilise software 

development methodology described in section 

methodology was staged delivery, which implies that the project is released in stages, where 

each stage adds additional features.

features that will be present in each

- Release 1 

• Simple 3D model (e.g. cube) displayed on the device’s screen

• Ability to display the object from different angles and distances 

display setup is hard

- Release 2 

• Complete model of the building imported from a 3D modelling 

software

• Basic navigation allowing user to control how the model is presented 

using buttons/touch

- Release 3 

• Ability to display some indicators placed on t

• Improved navigation allowing 

is viewed

- Release 4 
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Figure 8: Early Interface Concepts 

Planning the DevelopmentPlanning the DevelopmentPlanning the DevelopmentPlanning the Development    
With the design complete, a project plan was developed in order to utilise software 

development methodology described in section 3.2. The major feature of the chosen 

methodology was staged delivery, which implies that the project is released in stages, where 

each stage adds additional features. Below, a plan is presented that describes few releases and 

features that will be present in each one. 

Simple 3D model (e.g. cube) displayed on the device’s screen

Ability to display the object from different angles and distances 

display setup is hard-coded and not controllable by the user

Complete model of the building imported from a 3D modelling 

software 

Basic navigation allowing user to control how the model is presented 

using buttons/touch-screen 

Ability to display some indicators placed on top of the building model

Improved navigation allowing the user to easily control how 

is viewed 

 

 

With the design complete, a project plan was developed in order to utilise software 

. The major feature of the chosen 

methodology was staged delivery, which implies that the project is released in stages, where 

hat describes few releases and 

Simple 3D model (e.g. cube) displayed on the device’s screen 

Ability to display the object from different angles and distances – the 

controllable by the user 

Complete model of the building imported from a 3D modelling 

Basic navigation allowing user to control how the model is presented 

op of the building model 

user to easily control how the model 
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• Ability to read data contained in the XML file and translate it into a 

format usable by the drawing mechanism; that includes facilities to 

write and read data in the internal database 

• Indicators are displayed in the correct positions if the measurement data 

for them is available 

- Release 5 

• Downloading the data (XML file) from the network 

• Indicators’ appearance changes dynamically corresponding to the value 

of the measurements  

Even though the consequent releases do not necessarily decrease in priority (ability to 

download data from the network was crucial for success of this project, yet it is placed in 

Release 5) they help to structure the development effort into manageable pieces and guarantee 

that at least some of the features will be implemented by the deadline. 
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6.6.6.6. DEVELOPMENTDEVELOPMENTDEVELOPMENTDEVELOPMENT    

6.16.16.16.1 Application ArchitectureApplication ArchitectureApplication ArchitectureApplication Architecture    
The following section describes the architecture of the program, provides an overview of the 

class hierarchy and briefly explains the “black box” operation of the application. Detailed 

descriptions for some of the more complex classes can be found in further sections. 

 

Figure 9: Application's Class Diagram 

6.1.16.1.16.1.16.1.1 The The The The Main Activity (Vsiogap3d)Main Activity (Vsiogap3d)Main Activity (Vsiogap3d)Main Activity (Vsiogap3d)    
As shown on Figure 9 the highest-level class in the application (Vsiogap3d) is named after 

the application itself. This is the main Activity and it inherits from 

android.app.Activity class. Activities were described in section 3.4 as objects that 

users interact with. This point can be illustrated here on the example of Vsiogap3d activity, 

which is responsible for displaying information to the user in the form of 3D model and 

measurement data as well as collecting user input from physical controls (including touch-

screen). These tasks could be handled directly by the Activity, however, in this case both 
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are delegated to GLSurfaceView class. The main activity collects the data from the user 

and directs it to GLSurfaceView, which then acts upon it and returns relevant output back 

to Vsiogap3d which displays it to the user. 

The main activity is also responsible for creating and handling user menus.  For instance it 

creates an option for the user to refresh the data. When this option is chosen, the activity 

triggers the mechanism to update the data (download from the repository if possible) and 

redraw the model with new measurements. 

The main activity also specifies the application’s menus and provides a way to display 

notifications (for instance error messages, network state etc.) to the user. Moreover, it 

determines how to handle outside events, like phone calls, that can disturb normal application 

flow. 

6.1.26.1.26.1.26.1.2 GLSurfaceViewGLSurfaceViewGLSurfaceViewGLSurfaceView    
The next class in the hierarchy is GLSurfaceView, which inherits from 

android.view.SurfaceView class making it suitable for use with the main activity to 

display output images. Majority of this class was taken from Google’s APIDemos sample 

project [5], which presented major benefits – first of all it enabled code re-use and provided 

slight decrease in development time. Secondly it ensured that basic OpenGL operations and 

setup are performed in a well-structured and efficient way. One of the most important features 

of GLSurfaceView is a multi-threaded design that has a noticeable impact on the 

performance, but is also relatively complicated to develop correctly.                                         

As mentioned previously GLSurfaceView acts on user input and displays the model 

accordingly. In order to interpret user’s interaction with device controls it implements two 

methods: onTouchEvent() and onTrackballEvent(). 

Displaying the model is slightly more complex – first of all a private internal class is defined, 

called EglHelper that initialises and sets up the 

javax.microedition.khronos.egl.EGL10 object (see Glossary for definition of 

EGL) responsible for creating and maintaining surface to be drawn on. Secondly it defines 

Renderer interface through which the OpenGL code in ModelRenderer class can 

communicate. Finally it defines an internal class GLThread that ensures that all the 

rendering activities are executed in a dedicated thread to maximise efficiency. 

It is worth noting that according to [7] GLSurfaceView will be included in the Android 

version 1.5 as a standard component of the API. That means that making it a part of the 

rendering engine for this application was a good choice – since version 1.5 it will in fact be a 

recommended way to build application using OpenGL ES libraries. However, when this 

report was written the latest released version was 1.1 r2, which did not include 

GLSurfaceView by default and thus only the custom-build variation of this class is used. 

Version 1.5 was released exactly a week before the deadline for this project, therefore it was 

not used. 
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6.1.36.1.36.1.36.1.3 ModelRendererModelRendererModelRendererModelRenderer    
While GLSurfaceView class prepares the surface for the animation and ensures that it is 

drawn efficiently, ModelRenderer produces images to be displayed. One could say that 

while GLSurfaceView is generic (hence the re-use from another project), 

ModelRenderer is application-specific. ModelRenderer implements the Renderer 

interface created in GLSurfaceView. 

It defines what needs to happen when the surface is created or its size changed (for instance 

when the screen orientation changes.) However, the most important method in this class is 

drawFrame() that draws current frame of the animation. Besides calling OpenGL-specific 

commands to clear the scene, set the background colour etc., it calls draw() methods of two 

objects – Model and Indicators. While Model is relatively simple and draws the static 

building model, the Indicators class interacts with few different entities in order to obtain 

up-to-date information about sensors from the network, store them in the database and finally 

draw them. More in-depth description of each of them can be found below. 

The third important function of the ModelRenderer class is to define the camera position 

and provide facilities to change it. The camera position is specified by the polarView() 

method, which is based on the example provided in Chapter 3 of [14]. Few parameters are 

used in this routine (like distance from the origin, angle to the z-axis, rotation etc.) to describe 

the camera position and direction and they can be changed by calling appropriate public 

methods provided by ModelRenderer. 

6.1.46.1.46.1.46.1.4 ModelModelModelModel    
Model class fulfils a straight-forward function of drawing the model of the building. It uses 

indexed geometry (see section 6.3.1) and draws the model specified by two arrays. These 

arrays are the result of importing the 3D model from Blender (see section 6.3) and are stored 

in Android’s Resources as XML files for efficiency reasons. 

Model also positions and scales the resulting building appropriately, so it fits with the other 

elements. 

6.1.56.1.56.1.56.1.5 IndicatorsIndicatorsIndicatorsIndicators    
Being at the same level of the class hierarchy as Model, the Indicators class performs 

similar function. It draws the indicators corresponding to the sensor states in different rooms 

and places them in the right position on the building model. 

However, there are significant differences between two classes – the main one being that 

Indicators does not represent a single 3D entity, but rather a collection of them. 

Specifically, Indicators contains an ArrayList of IndicatorIcon objects and 

when the draw() method is called it iterates through them and calls a draw() method of 

each one of the IndicatorIcon instances. 

Second important feature is the way the class obtains the data for objects to be drawn. 

Indicators first tries to access the sensor data stored in the repository on the network 

using DataHandler class. If it successfully obtains the XML file it proceeds to read it and 

store the information in the internal database (see section 6.6 for more information on the 

database design). It also reads indicators.xml file stored in the application’s 

Resources that contains information about position of every indicator. 
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When the data about measurements and indicators is written to the database, the 

Indicators class extracts the list of all the measurements that were obtained and for every 

measurement draws the corresponding indicator on the model (provided that the data about 

this indicator’s position is available). 

6.1.66.1.66.1.66.1.6 DataHandlerDataHandlerDataHandlerDataHandler    and DBWorkerand DBWorkerand DBWorkerand DBWorker    
DataHandler class, as the name suggests, handles the tasks connected with data 

acquisition, storage and extraction. It allows reading XML data files (either downloaded from 

the network or stored in the Resources) - javax.xml.parsers.SAXParser is used 

to read files obtained from the network, while 

android.content.res.XmlResourceParser is used to parse XML files stored in 

the Resources.  

DataHandler also supports reading and writing the data to the database – it uses 

DBWorker class to perform all the database-related tasks like creating tables, inserting 

records and running queries. 

The rest of the classes found on the diagram in Figure 9 are used for data handling and storage 

– refer to section 6.5 for details. 

6.26.26.26.2 Building the 3D modelBuilding the 3D modelBuilding the 3D modelBuilding the 3D model    
As mentioned previously the model that had to be displayed on the device’s screen was far 

too complex to be built programmatically (that is by specifying every vertex manually in 

terms of x, y and z coordinates.) The alternative was to use 3D-modelling software to create it 

and find a way to import it into Java-usable format. The process to accomplish that task was 

developed over few iterations starting with relatively simple models, increasing the 

complexity once succeeded and investigating better ways to do it. Here, however, for the sake 

of simplicity, the final process is described that was deemed best by the author. 

6.2.16.2.16.2.16.2.1 BlenderBlenderBlenderBlender    
Firstly, to build a model a 3D modelling tool had to be chosen. Several reasons impacted the 

decision to use Blender, but the most important one was the fact that Blender was an open-

source project. That implied that it was free as well as that there was significant community 

support around it to add and extend various features. Also a lot of training materials were 

available including extremely helpful [18], which was crucial as author only had a limited 

experience with 3D modelling at the start of the project. 

It was clear from the very beginning that optimisation is essential, as device’s processing 

power was limited. That forced the author to find compromises whenever possible to improve 

the performance, an example of which can be the model. Since the amount of polygons had to 

be minimised, the decision was made to represent building’s walls as 2-dimensional planes, 

rather than 3-dimensional cuboids, which reduced the amount of model’s polygons by roughly 

80% (1 polygon per wall, rather than 6 polygons per wall). Moreover it made the creation of 

the model much easier and faster – it was achieved by simply extruding appropriate edges, as 

illustrated in Figure 10. This move slightly reduced user experience by showing not as 

detailed model as desired, but at the same time improved it significantly by making the 

application more responsive. 
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Figure 10: Creating the 3D Building Model 
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In order to accurately represent the building, it was necessary to use building plans, example 
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could be specified by 4 separate vertices. This would mean that the cube needs 6 x 4 = 24 

individual vertices to be complete. However, among these 24 vertices, there are only 8 unique 

values – one for every corner of the cube. Indexed geometry takes advantage of this fact and 

uses only 8 vertices in this example, thus reducing complexity by two thirds. The way this is 

achieved is by using two arrays – first one specifies all unique vertices, while the second one 

specifies the faces in terms of these vertices. This enables to re-use vertices by referencing 

them by their index number (hence the name of this technique.) 

They way OFF represents these arrays is extremely simple and easy to read programmatically. 

It first shows the numbers of vertices as well as faces, so it is known how many iterations are 

needed to read the data and how big the arrays need to be. It then lists all the vertices in terms 

of three floating point numbers that correspond to x, y and z coordinates, each vertex on a 

separate line. An example vertex representation might look like this: 

1.000000 0.900000 -0.299999 

After the vertices are listed it proceeds to list the faces in terms of already mentioned vertices 

(each face on a separate line.) First number specifies how many vertices this face has and the 

following ones refer to already defined vertices. An example face definition might look like 

the following: 

4 7 6 5 4 

The above line would mean that this face is a quad (has four vertices) and is defined by 

vertices in 7
th

, 6
th

, 5
th

 and 4
th

 positions in the vertex array. 

6.3.26.3.26.3.26.3.2 Reading OFF FReading OFF FReading OFF FReading OFF Fileileileile    
After the model is saved in the OFF format the next step is to modify it slightly and make it 

usable in Java. This involved simple text manipulation, but had to be automated because of 

the model’s complexity (manually converting more than 500 vertices and faces was clearly 

unfeasible and not a sustainable solution.) For this task small C++ application was written by 

the author to read, change and write the data in a desired format. Because of relative 

simplicity of required operations a scripting language like Python or Perl would probably be 

better suited than quite complex C++, however, because of author’s prior knowledge and 

experience with C++ this was more time-effective solution. The source code of this small 

command-line application can be found in Appendix 2. 

6.3.36.3.36.3.36.3.3 Converting Quads Converting Quads Converting Quads Converting Quads intointointointo    TrianglesTrianglesTrianglesTriangles    
One of the things that had to be changed was to convert all the quad faces into triangles. This 

was necessary as OpenGL ES version supported by Android does not allow rendering quads. 

Consequently each quad had to be represented in terms of two triangles. Note that doing so 

did not change the number of vertices or the appearance of the model, while doubling the 

number of faces to be rendered. 

Simple algorithm was developed by the author for this task. Let us use the example face from 

previous section to illustrate it (see Figure 11). Initially we have a quad defined by four 

unique vertices: 7, 6, 5 and 4. In order to represent it as two triangles, we need 6 vertices, but 

only 4 of them have to be unique. Following from the specified vertices we take first three 

indices (7, 6 and 5) to define the first triangle and then the third, fourth and first indices (5, 4 

and 7) to specify the second one. 
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Figure 11: Converting a quad into triangles 

This method works fine and no issues were encountered. However, well into the project, 

another, even simpler method was discovered. It is possible to convert any model in Blender 

into triangles before exporting – when this is done the exported OFF file contains the model 

data defined in terms of triangular faces and no converting needs to be performed. 

6.3.46.3.46.3.46.3.4 Converting Floating PointConverting Floating PointConverting Floating PointConverting Floating Point    NumbersNumbersNumbersNumbers    to Integersto Integersto Integersto Integers    
Another thing that had to be changed was converting coordinates from floating point numbers 

into integers. This was crucial as floating point performance on mobile devices is in general 

very limited. Please refer to Appendix 3 for implementation details. 

6.3.56.3.56.3.56.3.5 Output Files and Storing DataOutput Files and Storing DataOutput Files and Storing DataOutput Files and Storing Data    on Androidon Androidon Androidon Android    
After the model geometry information was read and modified it was necessary to write it in a 

format that was usable. In the early stages of the project this information was written simply 

as arrays in a text file, just like they should appear in the source code. These arrays were then 

simply pasted into Model class, where they were needed. While this way of storing 

information was suitable for small models with not many vertices and faces, it proved 

impractical for larger data sets as it created unnecessary “mess” in the source code. 

The next step was defining separate class with these arrays hard-coded as public variables. 

While slightly cleaner in terms of code organisation and readability, this was still a bad 

practice and required change in source code every time the model changed. Here the output of 

the C++ application was still a text file containing two arrays as they would appear in the 

code. 

The next and final stage was to utilise Android’s Resources system to store the 

information. To appreciate why this was a suitable solution one needs to be familiar with what 

Resources are on Android platform – please refer to the Glossary and referenced sources.  

To summarise, any file that contains some data that will not change after compiling the 

application, but is not code, is suitable to be stored as a resource. As being able to 

dynamically load different models was not a requirement for this application it was decided 

that having a static model is acceptable given the benefits Resources grant. First of all, 

they provide a clean way to separate data from algorithmic content (code) without any loss in 

readability. Secondly they make it easy to replace the data without the risk of introducing 
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errors into the program. Finally they are fast as all the data is compiled into efficient, binary 

format at compile time. 

In order to store an array as a resource, it was necessary to format it appropriately. The syntax 

for this was very simple – for instance the following XML file: 

<?xml version="1.0" encoding="UTF-8"?> 

<resources> 

<array name="indices"> 

<item>1</item>  

<item>2</item>  

<item>3</item> 

</array> 

</resources> 

 

Would produce an array containing three objects of values 1, 2 and 3 respectively. The type of 

the objects depends on how the resource is read. In the above example an array of ints 

could be obtained by using the following: 

    int indices[] = context.getResources().getIntArray(R.array.indices); 

where context is an object of type Context (see section 3.4 for more information on 

Context) and R.array.indices is an ID for the required resource. 

6.46.46.46.4 Displaying 3D objects on Android DeviceDisplaying 3D objects on Android DeviceDisplaying 3D objects on Android DeviceDisplaying 3D objects on Android Device    

6.4.16.4.16.4.16.4.1 How OpenGL WorksHow OpenGL WorksHow OpenGL WorksHow OpenGL Works    
Displaying graphical content on the Android-powered device requires use of OpenGL ES 

API. Being familiar with how OpenGL works is useful while discussing this project and 

therefore this section will provide a brief overview of OpenGL and some basic rules it 

follows. 

OpenGL is an industry-standard tool for creating 2D and 3D graphics. It is cross-platform, as 

it can be implemented on every major operating system and cross-language, because it can be 

used with most major programming languages. These two features make it extremely flexible 

and therefore popular. OpenGL ES is a mobile version of standard OpenGL API optimised for 

smaller devices. 

OpenGL works as a state machine and there are many options that should be tuned for 

optimised appearance and performance while writing the application. For instance calling 

glDisable(GL_DITHER) disable this particular feature and it will stay disabled 

throughout the application until glEnable() with the same parameter is called (assuming 

that the application uses only one GL object). 

The way OpenGL works is by drawing frames in a loop. Each frame is a projection of objects 

in 3D space onto the viewing plane and therefore the projection is calculated for every single 

frame. If the objects and the camera stay in one place, the resulting image is still (even though 

it is refreshed several times a second, it is still the same image). When the objects, or the 

camera, move each frame results in slightly different picture creating an illusion of smooth 

animation. 
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There are two drawing buffers in use while OpenGL operates – one is displayed and the 

second one is being drawn to. When the frame changes the buffers are swapped – the one that 

was drawn to is displayed and the one that was displayed is cleared and prepared for next 

frame. 

6.4.26.4.26.4.26.4.2 SetSetSetSetting up the sceneting up the sceneting up the sceneting up the scene    
Once the model data was stored in the device’s memory it was necessary to display the model 

on the screen. However, before any model is drawn using vertex data the scene needs to be set 

up. This is achieved by calling various OpenGL commands to clear the buffers, set 

background colour and turn application-specific functions on or off to adjust appearance and 

performance. 

In this application, the following calls are made to set up the scene: 

- glDisable(GL_DITHER) improves performance by disabling dithering 

colour components or indices before they are written to the colour buffer 

- glHint(GL_PERSPECTIVE_CORRECTION_HINT, GL_FASTEST) 

ensures that model’s perspective projection is optimised for speed 

- glShadeModel(GL_SMOOTH) sets the shade model to smooth to improve 

appearance (note that this call should not have a negative effect on 

performance) 

- glEnable(GL_DEPTH_TEST) ensures that 3D objects are displayed 

correctly when one of them obstructs the other 

- glEnable(GL_TEXTURE_2D) turns on texturing for displayed models. 

Furthermore, each frame calls the following before drawing new view: 

- glClear(GL_COLOR_BUFFER_BIT |GL_DEPTH_BUFFER_BIT) to 

clear colour and depth buffers before using them 

- glClearColor(r, g, b, a), where r, g, b and a are floating point 

numbers (type float) that represent the background colour in terms of red, 

green, blue and alpha (transparency) components; this call sets the background 

to the specified colour 

- glMatrixMode(GL_MODELVIEW) sets the current matrix to the correct 

mode for viewing the 3D building 

- glLoadIdentity() makes sure that the current matrix is an identity matrix 

ready for modifications (like view changes, which are all done as matrix 

multiplication) 

- glEnableClientState(GL_VERTEX_ARRAY) enables drawing the 

objects using indexed geometry 

6.4.36.4.36.4.36.4.3 Scale and LocationScale and LocationScale and LocationScale and Location    
To fully understand how to adjust scale and location to display 3D objects appropriately using 

OpenGL it is necessary to be familiar with OpenGL coordinate system and how to interpret 

the commands. This, however, is not in the scope of this report, so only an overview will be 

provided. Please refer to Chapter 3 of [14] for exhaustive explanation. 

Because the application displays many different objects which have to be aligned (the 

indicators need to appear in correct places of the model) it is crucial to adjust their positions 

and keep them consistent. It is also important that all the objects are scaled in the same way so 
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they fit together. It might seem logical to call the translation/rotation commands in 

ModelRenderer class before calling draw() methods of individual objects, but for better 

code readability it was decided to include it in draw() methods of the objects. That means 

that all the actions connected with drawing any given object are contained within its draw() 

method at the cost of slight loss of generality. 

6.4.46.4.46.4.46.4.4 Drawing the objects (indexed geometry)Drawing the objects (indexed geometry)Drawing the objects (indexed geometry)Drawing the objects (indexed geometry)    
There is more than one way of drawing objects in OpenGL, however, indexed geometry 

described in section 6.3.1 is the most efficient one by far. Here an explanation how to draw 

models using this method in OpenGL ES is provided. 

Each object is drawn using glDrawElements() method. It takes four arguments: mode of 

drawing, number of vertices, type of index buffer and index buffer itself. An example can be 

found in class Model – method draw() contains the following call:  

glDrawElements(GL_TRIANGLES, 212*6, GL_UNSIGNED_SHORT, 

mIndexBuffer); 

That means that the model will be drawn by drawing triangular faces, there are 212*6 = 1272 

vertices to draw, the index buffer contains elements of type short and it is named 

mIndexBuffer. Similar calls, with different parameters, can be found in different classes – 

e.g. IndicatorIcon. 

The above call, however, is not enough to draw the model – even though we have specified 

the number of vertices to draw, we have not yet specified the actual vertices. To do that the 

following needs to be called: 

 glVertexPointer(3, GL10.GL_FIXED, 0, mVertexBuffer); 

 

The parameters mean that each face is specified by 3 vertices of type GL_FIXED, the 

stride is set to 0 and all the vertices are stored in mVertexBuffer. 

There are two things to note here: first of all the buffers of indices and vertices are constructed 

from the arrays obtained from Resources (see section 6.3.5). Secondly for the above 

methods to work glEnableClientState(GL_VERTEX_ARRAY) has to be called 

before, as mentioned in the preceding section about setting up the scene. 

6.4.56.4.56.4.56.4.5 NavigationNavigationNavigationNavigation    
Simply displaying the model to the user was hardly enough – for this application to be useful 

there needed to be a way for users to interact with the model and change the viewing angle. It 

was mentioned previously while discussing the ModelRenderer class that it was responsible 

for setting the camera position and ensuring that the model is displayed properly. 

The method that positions the camera is defined as follows: 

polarView(GL10 gl, float panX,  

float panY,  

float distance,  

float elevation,  

float rotation); 
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As its name suggests it uses polar system: the parameters distance, elevation and 

rotation specify how far the camera is from the origin, how high it is (in terms of the 

angle between positive z-axis and the line connecting the camera with the origin) and whether 

it is moved to the side (in terms of the angle between positive x-axis and the line connecting 

the camera with the origin). The other two parameters panX and panY specify displacement 

of the model along the respective axes with respect to the camera to enable “scrolling” (or 

“panning”) effect. 

The polarView() method is implemented using standard OpenGL methods: 

glTranslate() and glRotate(), where glTranslate() moves the model along 

specified axes and glRotate() rotates it: 

glTranslatef(panX, 0, 0); 

glTranslatef(0, panY, 0); 

glTranslatef(0.0f, 0.0f, -distance); 

glRotatef(elevation, 1.0f, 0.0f, 0.0f); 

glRotatef(rotation, 0.0f, 1.0f, 0.0f); 

 

Now that the camera positioning functionality was in place it was necessary to interpret user’s 

actions to control aforementioned parameters. Whenever devices physical controller’s state is 

changed, a notification is sent from the hardware to the operating system – in software 

terminology such a notification is called and ‘event’. The application can implement methods 

called ‘event listeners’ and ‘event handlers’ to catch and act upon specific events. In this 

project two event handlers are present in the main activity: onTouchEvent() responsible 

for handling touch-screen events and onTrackballEvent() that handles rolling the 

device’s trackball. Each of these methods receives an event of type 

android.view.MotionEvent and forwards it to a corresponding method inside 

GLSurfaceView. It was said before that GLSurfaceView acts on user input. This is 

achieved by interpreting the MotionEvents and changing appropriate parameters of 

ModelRenderer through the GLSurfaceView.Renderer interface. 

Once the parameter value is changed, it is used by polarView() method and the next 

rendered frame takes these changes into account displaying a view from appropriate angle and 

distance. 

6.56.56.56.5 Class Class Class Class DDDDefinitions for efinitions for efinitions for efinitions for DDDDataataataata    Handling Handling Handling Handling ObjectsObjectsObjectsObjects    
Even though a typical object, in the meaning described in section 5.1, consists of data as well 

as functionality, there are some objects that represent solely data. That does not mean that 

they have no methods defined inside, only that their primary purpose is storing and sharing 

data. The classes described below indeed have methods belonging to them, however, these 

methods are used for reading and writing data stored inside. 

One of the most important objectives of this project was to obtain and read data from a 

repository connected to the Internet. It was known that the data will be stored as an XML file 

of specific format (see Appendix 2). Therefore, to read, interpret and present the data in a 

transparent and meaningful way, the following classes were defined. 
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6.5.16.5.16.5.16.5.1 MeasurementMeasurementMeasurementMeasurement    ClassClassClassClass    
Measurement class corresponds to a measurement taken in a specific room at a specific point 

in time. It contains information about which room it concerns, time and date when the 

measurement was taken as well as the readings of different sensors in the room. Specifically, 

the class contains the following attributes: 

- sensorID: an integer number (int) corresponding to a room number (a map 

listing room names against sensorIDs is required to find out which room 

given sensorID represents) 

- temperature: an int representing the temperature in the room in °C 

- light: int representing intensity of light in a given room 

- movement: an int showing whether any movement was detected in the 

room (0 for no movement, 1 when movement was detected). 

- time: String containing the time and date value in the format “YYYY-MM-

DD HH:MM:SS” 

Additionally the class provides “getter” and “setter” methods that encapsulate above fields 

(“getters” allow reading, while “setters” writing the values – see section 5.1.3). 

6.5.26.5.26.5.26.5.2 IndicatorDataIndicatorDataIndicatorDataIndicatorData    ClassClassClassClass    
IndicatorData class represents an indicator, without any consideration about the value of 

measurement this indicator will show. It simply defines which room this indicator belongs to, 

where on the model it should be and what type of measurement it represents. It contains the 

following attributes: 

- sensorID: an int determining which room given indicator belongs to 

- type: a String that shows what type of measurement this indicator 

represents – for example it can be “0” for temperature, “1” for light etc. 

- translationX, translationY, translationZ: floating point 

numbers (type float) representing the position of the indicator on the model 

- rotationAngle, rotationX, rotationY, rotationZ: float 

numbers determining how the indicator should be rotated, after the translation, 

to be aligned with the model; this is used to make sure indicator icons appear 

on the walls of the building 

Similarly to the Measurement, IndicatorData class contains getter and setter methods 

allowing data access. 

6.5.36.5.36.5.36.5.3 IndicatorIconIndicatorIconIndicatorIconIndicatorIcon    ClassClassClassClass    
IndicatorIcon class represents an indicator showing a state of a specific sensor – this is 

what users see. It combines information from Measurement and IndicatorData classes 

to display an indicator in a correct place that shows the measurement taken. 

This class is not a data object in the sense defined above – its primary objective is not to store 

data, but to act upon it. Specifically, after obtaining the required information from appropriate 

Measurement and IndicatorData objects it draws the indicator on the screen. The resulting 

icon has texture representing the type of measurement and is placed in the room that it 

describes. 
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IndicatorIcon class contains draw() method that is called by Indicators class’s 

draw() as mentioned in section 6.1.5. This method is similar to the corresponding method 

from Model class – it also defines an array of vertices and an array of indices to draw the 

object. What differentiates the two is how these arrays are obtained – while Model uses a 

large data set parsed from an XML file stored in the Resources to draw a fairly 

complicated object, IndicatorIcon has hard-coded arrays to draw a single, textured, 

rectangular plane. Furthermore IndicatorIcon uses two other arrays – one to define the 

coordinates of the texture and one to define the colour of the plane. Textures are used to 

represent the type of measurement, while colours to indicate their value. 

IndicatorIcon class has a private method getColor() that takes two arguments: 

type of the measurement and its value. It then returns an array of floats that define a 

colour to be assigned to the indicator. For instance, if the method received arguments type 

= 1 and value = 40 that would mean that the room is quite hot (1 stands for temperature 

measurement, while 40 is the measurement in °C) and so the returned colour array would be 

similar to the following: [1.0, 0.7, 0.7, 0.0], which means light red in RGBA 

colour system. 

Note that in order to enable texturing and colouring, the following OpenGL commands should 

be called: 

- glEnable(GL_TEXTURE_2D); 

- glEnableClientState(GL_TEXTURE_COORD_ARRAY); 

- glEnableClientState(GL_COLOR_ARRAY); 

- glBindTexture(GL_TEXTURE_2D, mType);  

- glTexCoordPointer(2, GL_FIXED, 0, mTexBuffer); 

- glColorPointer(4, GL_FIXED, 0, mColorBuffer); 

 

6.66.66.66.6 Database DDatabase DDatabase DDatabase Designesignesignesign    
Whether or not to include an internal database in an application is a question often asked by 

developers. On one hand designing and developing a system interacting with a database 

always means some overhead as things like table schema, memory usage and query 

optimisations usually have to be considered. On the other hand, where suitable, databases can 

significantly improve performance and make development easier – provided they are 

implemented correctly. 

In this project ability to quickly write and retrieve required data was crucial to succeed. Even 

though the information could have been stored differently, the author felt that implementing a 

solution with a database was the most suitable one. Firstly it provided a solid separation of 

duties, where algorithmic content (code) was clearly different from data (database), which 

meant greater flexibility and adaptability. Secondly, at least in theory, getting information 

from a database was faster than the alternatives (this point was not proved empirically, but no 

“lagging” was observed while executing database operations, proving that this solution was at 

least “good enough” if not the best possible). 

Android supports SQLite database engine, which is a lightweight version of SQL optimised 

for systems with limited resources. A separate class called DBWorker that have already been 

mentioned in section 6.1.6 was designed to handle all the database-related tasks. It is used to 
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create the database itself, set up the tables, fill them with data and fetch whatever information 

is necessary. DBWorker is used by DataHandler class. 

The database schema used can be seen in Figure 12. Measurement table stores data used by 

Measurement class, Indicator table is used to fill IndicatorData class and Room table 

lists all the rooms in the building against their sensorId. The Room table is not actually used 

by the current version of the application – it is added simply for consistency with real-world 

data and to allow future expandability. 

 

Figure 12: Database schema 

It is also worth to discuss the inner workings of DBWorker class. Besides creating the 

database and the tables it also has specialised methods to make writing as well as reading data 

convenient for the rest of the application. The objective of the class was to provide an 

abstraction layer and hide complexity of database interactions. It was achieved by 

implementing the following methods: 

- insertMeasurement(Measurement measurement), which inserts a 

new record to the Measurement table that contains data stored by 

Measurement object passed as an argument 

- insertIndicator(IndicatorData indicator), which creates a 

new record in the Indicator table that contains the data stored by 

IndicatorData object passed as an argument 

- ArrayList<Measurement> getMeasurementList(String 

condition), which returns and ArrayList of Measurement objects, 

each one corresponding to a row in the Measurement table that satisfies the 

condition argument; condition is a String that determines which 

rows to return – for instance condition “WHERE sensorId = 10” would 

return all rows that represent measurement in the room with sensorId 10; if the 

condition was null, all the rows would be returned 

- float[] getIndicatorLocation(int sensorId, String 

type), which returns an array of floats that contains data about the 

location of the indicator with sensorId and type specified by the 

arguments 

Above methods are specifically tailored for the application and make it easy to use the 

DBWorker class. They are also optimised wherever possible – for instance 

insertMeasurement() method only inserts new row into the table, when the 

measurement passed as an argument is the latest one (i.e. it has time attribute later than any of 

the ones already stored) – otherwise it is discarded. Since the application only needs to keep 
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track of the present state of the building, only the newest readings are of interest. If the passed 

Measurement is the latest the older ones already in the table are deleted to save memory. 

6.76.76.76.7 Reading Reading Reading Reading and and and and DDDDownloading ownloading ownloading ownloading the XML Fthe XML Fthe XML Fthe XML Filesilesilesiles    
Once the application had capabilities to display the desired model together with the 

measurement data and facilities to store and retrieve information the next step was to create 

ways of obtaining the information from outside sources. This section explains how the XML 

files can be parsed and interpreted on Android system depending on where they are coming 

from, while the next one will show how to utilise Internet connection to download the 

information from a remote server. 

While the XML file with measurement data is stored in data repository, the information about 

indicator locations is static (just like the building model to which it is tightly connected) and 

thus located in the Resources. Even though both of these are XML files of similar format, 

it turns out that the most efficient way of reading them differs depending on where they are 

stored. 

6.7.16.7.16.7.16.7.1 XmlResourceParserXmlResourceParserXmlResourceParserXmlResourceParser    
For the same reasons that were mentioned in section 6.3.5 it was decided to use Resources to 

store the information about indicator locations. In such case 

android.content.res.XmlResourceParser class can be used to efficiently step 

through the XML file, read the data it contains and store it in a database. The reason that this 

particular class is useful is because Context.getResources().getXml(id) method 

returns an XmlResourceParser object. There is no need to open any files or create input 

streams – all the preparation is handled by the API. 

Before discussing how to make an application read an XML file it should be clear how XML 

stores and describes information. XML is a mark-up language and it uses custom tags to 

describe the data it is storing. Tags can be nested, creating hierarchies to represent more 

complex data types. An example of XML file can be found in Appendix 2 – it has the exact 

format used by the application to store measurement data. It can be seen that between opening 

and closing measurement tags (<measurement> and </measurement>) there are more 

tags storing more specific data. This means that a measurement entity has few properties, each 

defined by its own tags. There can be multiple entities within the same file, as the example 

shows. 

The code snippet below shows how the task of reading and interpreting data can be handled 

on Android. Step-by-step explanation follows. 

XmlResourceParser xrp = mContext.getResources().getXml(resourceId); 

 

IndicatorData currentIndicator = new IndicatorData(); 

String currentTag = ""; 

int eventType = xrp.getEventType(); 

 

while (eventType != XmlResourceParser.END_DOCUMENT) { 

 if (eventType == XmlResourceParser.START_TAG) { 

  currentTag = xrp.getName(); 

  if (currentTag.equals("indicator")) { 

   currentIndicator.clear(); 

  } 

 } else if (eventType == XmlResourceParser.TEXT) { 

  if (currentTag.equals("sensorId")) { 



 

37 

 

   currentIndicator.setSensorId(xrp.getText()); 

  } else if (currentTag.equals("type")) { 

   currentIndicator.setType(xrp.getText()); 

  } else if (currentTag.equals("translationX")) { 

currentIndicator 

.setTranslationX(Float.valueOf(xrp.getText())); 

  } else if (currentTag.equals("translationY")) { 

currentIndicator 

.setTranslationY(Float.valueOf(xrp.getText())); 

  } else if (currentTag.equals("translationZ")) { 

currentIndicator 

.setTranslationZ(Float.valueOf(xrp.getText())); 

  } else if (currentTag.equals("rotationAngle")) { 

currentIndicator 

.setRotationAngle(Float.valueOf(xrp.getText())); 

  } else if (currentTag.equals("rotationX")) { 

currentIndicator 

.setRotationX(Float.valueOf(xrp.getText())); 

  } else if (currentTag.equals("rotationY")) { 

currentIndicator 

.setRotationY(Float.valueOf(xrp.getText())); 

  } else if (currentTag.equals("rotationZ")) { 

currentIndicator 

.setRotationZ(Float.valueOf(xrp.getText())); 

  } 

 } else if (eventType == XmlResourceParser.END_TAG) { 

  if (xrp.getName().equals("indicator")) { 

   mDbWorker.insertIndicator(currentIndicator); 

  } 

 } 

 eventType = xrp.next(); 

} 

First, the xrp object is created as described above. Then three objects are defined to help with 

the reading process: 

- currentIndicator is an instance of IndicatorData class that collects 

the data from the file 

- currentTag keeps track of where in the XML hierarchy the application 

currently is 

- eventType defines what type of “event” the parser receives; the events are 

pieces of information found in an XML file and can have either of the 

following four values: START_TAG, END_TAG, TEXT and END_DOCUMENT 

The while... loop defined afterwards iterates through all elements of the file until it 

reaches the end of it. During every iteration an action is taken depending on which event is 

currently found and how far down the hierarchy it occurred. 

The case where eventType is equal to TEXT deserves particular attention here. Since text 

can only occur between the tags it is clear from the layout of the file that when TEXT is found 

it should be stored as one of the attributes of currentIndicator object. The challenge 

was to determine efficiently which attribute should be written to. The author initially 

developed a solution that looks cleaner and more transparent in code by defining a method 

belonging to IndicatorData class that takes two arguments – the value of the property to 

be set and currentTag. The method would then determine, based on the currentTag 

argument, which property to update. 
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This, however, did introduce slight performance penalty (by creating and processing 

additional String) without real benefit – the long if.. else if... construct still 

existed – it was moved to IndicatorData class instead. In the end it was decided that 

if... else if... construct should be called directly while reading the XML file and 

then a specific function should be called to set given attribute. 

Final thing to mention is that when the IndicatorData object is filled with all the available data 

(i.e. the ending indicator tag </indicator> is reached), the object is inserted into the 

database by calling insertIndicator() method belonging to DBWorker class. 

6.7.26.7.26.7.26.7.2 SAXSAXSAXSAXParserParserParserParser    
As presented above, the XmlResourceParser class makes it easy to parse XML files 

stored in the Resources. However, Resources are compiled together with the 

application and cannot be changed. Therefore the above solution was not suitable for any 

dynamic data, like measurement records that had to be downloaded from the repository. 

Fortunately there is more than one parser class included in the Android API that allows 

reading XML files. Here javax.xml.parsers.SAXParser class was utilised. 

One of the advantages of the SAXParser is the fact that it can effectively parse 

InputStream, which means that the data can be directly streamed from the network 

without being written to the device’s memory. Code snippet below demonstrates how this can 

be achieved: 

SAXParserFactory spf = SAXParserFactory.newInstance(); 

SAXParser sp = spf.newSAXParser(); 

XMLReader xr = sp.getXMLReader(); 

xr.setContentHandler(this); 

xr.parse(new InputSource(url.openStream())); 

 

Two things should be explained here: url is an object of class java.net.URL with 

appropriate URL pointing to the file on the network, while “this” is 

XmlMeasurementHandler object developed by the author. 

XmlMeasurementHandler specifies how to handle the parsing and on the conceptual 

level is very similar to what was presented in the previous section – depending on what 

event is encountered a corresponding action is taken. The implementation, however, differs 

– first of all in order to be passed as an argument to setContentHandler() method, 

XmlMeasurementHandler had to inherit from 

org.xml.sax.helpers.DefaultHandler class. Secondly few methods had to be 

implemented – namely startElement(), endElement() and characters() that 

correspond to START_TAG, END_TAG and TEXT events mentioned previously. Each of 

these methods defined what to do, when a specific tag was found. 
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6.7.36.7.36.7.36.7.3 Downloading Data from the Downloading Data from the Downloading Data from the Downloading Data from the NNNNetworketworketworketwork    
The previous code snippet presented how to read data streamed from the network once the 

connection was established and the location of the file was known. However, some 

preparation needs to be done beforehand. 

Firstly Android’s security model restricts what applications can do in terms of interaction with 

hardware and operating system. More critical functions (including network connectivity) will 

only work if appropriate permissions are requested in the AndroidManifest.xml file. 

AndroidManifest.xml contains the basic information about the application like its name, name 

of the main activity, the package it belongs to etc. It also contains information about which 

system resources are available to the application and what permissions it has got. In the case 

of this application it was necessary to declare the use of ACCESS_NETWORK_STATE and 

INTERNET (both found under android.permissions) to check the state of the network 

and, if it was connected, use it to stream the data.  

Because the DataHandler class provides the abstraction that hides the complexity of 

dealing with data it is also responsible for assessing the network state and initiating 

connection when appropriate. If network connectivity is available it downloads the file – if it 

is not, no data is downloaded or written to the database and last available information is 

displayed. 

The following code is used to check whether the device is connected to the network. Please 

note that, even though it is possible to use different kind of connection, like 3G or Wi-Fi, 

following works regardless of the type of connectivity. 

ConnectivityManager cm = 

(ConnectivityManager)mContext.getSystemService(Context.CONNECT

IVITY_SERVICE); 

NetworkInfo ni = cm.getActiveNetworkInfo(); 

if (ni != null) { 

 if (ni.getState() == NetworkInfo.State.CONNECTED) { 

  URL url = new URL(stringUrl); 

  XmlMeasurementHandler xh =  

new XmlMeasurementHandler(); 

  xh.getMeasurements(url, mDbWorker); 

  readIndicatorData(R.xml.indicators); 

 }  

} 
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7.7.7.7. TESTINGTESTINGTESTINGTESTING    
Following tests were carried out based on the procedures described in section 2.2. 

7.17.17.17.1 Ability to Show 3D Representation of dataAbility to Show 3D Representation of dataAbility to Show 3D Representation of dataAbility to Show 3D Representation of data    

7.1.17.1.17.1.17.1.1 Test Test Test Test CaseCaseCaseCase    
- Uploaded sensor1.xml file to the data repository with the following 

measurement information: 

• sensorId = 10, temperature = 14, light = 21, 

movement = 1 

• sensorId = 12, temperature = 35, light = 64, 

movement = 0 

 

- Uploaded sensor2.xml file to the data repository with the following 

measurement information: 

• sensorId = 10, temperature = 35, light = 100, 

movement = 1 

• sensorId = 12, temperature = 30, light = 10, 

movement = 1 

 

- Launched the application and specified path to sensor1.xml. Refreshed the 

data, inspected the represented indicators. 

- Changed the data source location to sensor2.xml. Refreshed the data, inspected 

the represented indicators. 

7.1.27.1.27.1.27.1.2 ResultResultResultResultssss    
Test successful. Data representation for sensor1.xml indicated cold, dark and occupied 

room with sensorId = 10 and hot and relatively bright empty room with sensorId = 

12. 

On the other hand, data from sensor2.xml indicated hot, bright and occupied room 10 and 

hot, dark and empty room 12. 

7.27.27.27.2 Ability to Get and Represent Data from the Database in Real TimeAbility to Get and Represent Data from the Database in Real TimeAbility to Get and Represent Data from the Database in Real TimeAbility to Get and Represent Data from the Database in Real Time    
The following results show that results are not actually obtained in real time, as there is no 

notification when the data repository is updated. However, after user requests an update, it 

takes ~3s to download and show most up-to-date information. 

7.2.17.2.17.2.17.2.1 Test CaseTest CaseTest CaseTest Case    
Upload known data to the repository. Launch the application and request the update. Monitor 

how long it takes since the moment of triggering an update until the new data is shown. 

7.2.27.2.27.2.27.2.2 ResultsResultsResultsResults    
Test successful. It takes ~3s for the device to download and represent the data (provided there 

is a network connection.) 
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7.37.37.37.3 Intuitive Model NavigationIntuitive Model NavigationIntuitive Model NavigationIntuitive Model Navigation    
The following tests involved few users: both experienced and ones, who did not use the 

application before. A short briefing was provided for the novice users to explain how the 

application works and which controls are responsible for which action. 

There were two tasks to accomplish: firstly to navigate to the exact specified place, i.e. to 

have a specific point displayed in the centre of the screen and secondly to navigate just 

enough around the model for a specific room to be visible. Second scenario is the closest to 

the real use and thus the most important metric. 

7.3.17.3.17.3.17.3.1 Test CaseTest CaseTest CaseTest Case    
- Launch the application 

- Hand it in to the test user 

- Precision navigation: ask them to navigate to a specific point on the model (to 

have that point visible in the middle of the screen), measuring how much time 

it takes 

- Normal navigation: ask them to position the model in a way that makes a 

specific room visible, measuring how much time it takes 

7.3.27.3.27.3.27.3.2 ResultsResultsResultsResults    
    

 User 1 User 2 User 3 User 4 User 5 

Precision 

Navigation 
10s 16s 12s 23s 15s 

Normal 

Navigation 
4s 9s 8s 20s 12s 

 

The obtained test results indicate that navigation is “good enough” – even though it is not 

perfect and some users can get slightly confused, most of them manage to accomplish desired 

tasks in reasonable amount of time. It is also worth noting that the point to which the test 

subjects had to navigate was far from the initial position of the camera and the results 

represent worst-case scenario. 

7.47.47.47.4 Testing SummaryTesting SummaryTesting SummaryTesting Summary    
In general testing has revealed that the application is of good quality and that it satisfies the 

requirements. Although there are things that could be improved (like real-time updates and 

easier navigation), all the critical features are in place.  

The application seems to be stable, with no crashes or exceptions seen throughout the testing 

stage. It is able to gracefully handle conditions such as no network connectivity, no 

accessibility to the data repository, outside events etc.  
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8.8.8.8. FUFUFUFURTHERRTHERRTHERRTHER    WORKWORKWORKWORK    
The application presented above works as it was designed to and satisfies most of the 

requirements set by the customer at the beginning of the project. The test results reveal that 

the project achieved its objectives and the resulting product is of good quality. This section 

discusses what further development could be done to add new features and extend the 

application’s functionality. 

Firstly, to improve user experience lighting should be added to the model. Global light source 

would allow to better visualise the building and eliminate the situation, where walls of the 

same colour, but different distances are indistinguishable as well as making the model look 

more realistic. Another feature that would be enabled by addition of lighting is that 

illumination could be used to indicate whether a room is bright or not, instead of displaying 

the icon with light symbol. 

In order to allow changes from the previous paragraph a slight refactoring of the code would 

be necessary – namely the Indicator class would have to be introduced, from which 

IndicatorIcon would inherit. Then other kinds of indicators could be added, also 

inheriting from Indicator, such as IndicatorLight that creates a light source instead 

of an icon. 

Since different types of measurements might be added in the future, there might be need for 

an option to only show some indicator types and hide the others. This could be easily 

implemented by manipulating the ArrayList of IndicatorIcons, which is a member 

of Indicators class, to include/exclude appropriate indicator types. Most of the effort here 

would probably go towards developing user interface that can easily communicate with the 

Indicators class. 

The above feature would require further code refactoring – the data model would have to be 

changed to enable automatic indicator placement. At the moment every room has three types 

of indicators specified, each represented by an icon in specific location. To enable custom 

showing/hiding functionality each room should have a pool of possible indicator locations, 

which would be assigned automatically. Each location could be then used by any type of 

indicator. 

Lastly it would be useful to receive an automatic update whenever the data repository is 

updated. Unfortunately, that would require modifying the repository itself to send a 

notification to the device and that was not within the scope of this project. 

  



 

43 

 

9.9.9.9. CONCLUSIONSCONCLUSIONSCONCLUSIONSCONCLUSIONS    
This report presented the entirety of the project: starting from introducing the objectives, to 

literature review, to requirement analysis, to design and finally implementation and testing. 

The final product is able to display three-dimensional model of the building with visual 

indicators corresponding to the measurements taken by various indoor sensors. It has the 

ability to connect to a remote data repository and obtain latest information about the state of 

the building. It also allows the user to view the model from any perspective by enabling 

touch-screen interaction. The application is aimed at mobile devices running Google Android 

operating system and was developed and tested on the first released hardware platform 

supporting it. 

The project was a major success satisfying requirements and delivering a quality product 

featuring expandable design that can be built upon to implement new features. It passed the 

testing stage and received positive feedback from the client and it will be transitioned to 

another developer to continue the effort. 

For the author, the design and development of this application was a considerable challenge, 

requiring not only gaining and using a lot of technical knowledge, but also coordinating the 

project in terms of organisation and communication with the customer. The development 

itself proved complex and involved many different areas like algorithm development, 3D 

modelling and rendering, network communications, database design and data interpretation. 

Major learning outcomes included in-depth understanding of how OpenGL handles rendering 

3D animations, how to represent models and how to convert them from one data format to 

another. Also few optimisation techniques were found useful, as hardware capabilities were 

limited. Another major area that was necessary to be familiar with was the architecture of 

Android system and knowledge of how to build applications with provided APIs.  
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APPENDIX APPENDIX APPENDIX APPENDIX 2222    
 

<?xml version="1.0" encoding="UTF-8"?> 

<resources> 

<measurement> 

  <sensorId>10</sensorId> 

  <temperature>14</temperature> 

  <light>21</light> 

  <movement>0</movement> 

  <time>2008-07-31 13:14:45</time> 

</measurement> 

<measurement> 

  <sensorId>10</sensorId> 

  <temperature>1</temperature> 

  <light>54</light> 

  <movement>0</movement> 

  <time>2008-07-01 21:26:27</time> 

</measurement> 

<measurement> 

  <sensorId>10</sensorId> 

  <temperature>1</temperature> 

  <light>54</light> 

  <movement>0</movement> 

  <time>2008-07-01 21:25:53</time> 

</measurement> 

<measurement> 

  <sensorId>10</sensorId> 

  <temperature>1</temperature> 

  <light>54</light> 

  <movement>0</movement> 

  <time>2008-07-01 21:22:02</time> 

</measurement>  

<measurement> 

  <sensorId>10</sensorId> 

  <temperature>1</temperature> 

  <light>54</light> 

  <movement>0</movement> 

  <time>2008-07-01 21:20:39</time> 

</measurement> 

<measurement> 

  <sensorId>10</sensorId> 

  <temperature>1</temperature> 

  <light>54</light> 

  <movement>0</movement> 

  <time>2008-07-01 21:20:17</time> 

</measurement> 

<resources>   



 

 

APPENDIX APPENDIX APPENDIX APPENDIX 3333    
// FILE NAME: OFF-OpenGL_loader.cc 

 

#include <stdexcept> 

#include <string> 

#include "ReadFile.h" 

 

// Instantiates static ReadFile object 

static ReadFile rf; 

 

int main(int argc, char** argv) { 

 char* fileName; 

 char* destFileName; 

  

 // try-catch for any unexpected errors 

 try { 

  // if filenames included in argument, open the file for reading 

  if (argc > 2) { 

   fileName = argv[1]; 

   destFileName = argv[2]; 

  } 

 

  if (rf.getExtension(fileName) != ".off")  

  { 

   throw "Invalid file extension! Expecting .off"; 

  } 

   

  std::ifstream in(fileName); 

  std::ofstream out(destFileName); 

  std::cout << "[OFF-OpenGL_loader] Loading file..." << 

std::endl; 

  // try-catch for reading file's contents 

  try { 

   // load file contents into rf 

   in >> rf; 

   std::cout << "[OFF-OpenGL_loader] Loading complete." << 

std::endl; 

   // close file 

   in.close(); 

   std::cout << "[OFF-OpenGL_loader] File closed." << 

std::endl; 

   out << rf.output.str(); 

  } catch (char const* str) { 

   // if problem with file, safely close it, raise exception 

   in.close(); 

   std::cout << "[OFF-OpenGL_loader] Exception raised: " << 

str 

     << " - An invalid file was specified." << 

std::endl; 

   return 0; 

  } 

  return 1; 

 } catch (...) { 

  // if unexpected error, stop program 

  std::cerr << "Exception raised: Unknown exception." << 

std::endl; 

  return 0; 

 } 

} 

 



 

 

// FILE NAME: ReadFile.h 

 

#ifndef __READFILE_H__ 

#define __READFILE_H__ 

 

#include <fstream> 

#include <string> 

#include <vector> 

#include <iostream> 

#include <stdlib.h> 

#include <sstream> 

 

class ReadFile { 

 

public: 

 // default constructor 

 ReadFile(); 

 std::ostringstream output; 

  

 // overloaded input operator 

 friend std::ifstream& operator>>(std::ifstream& in, ReadFile& rf); 

 friend std::ostringstream& operator<<(std::ostringstream& out, 

ReadFile& rf); 

 

 std::string ReadFile::getExtension(char* fileName); 

  

 // default destructor 

 ~ReadFile(); 

}; 

 

#endif // __READFILE_H__ 

 
 
//FILE NAME: ReadFile.cc 

 

#include "ReadFile.h" 

#include "Convert.h" 

using std::string; 

using std::cout; 

using std::endl; 

using std::ws; 

 

// default constructor 

ReadFile::ReadFile() { 

} 

 

// overloaded input operator 

std::ifstream& operator>>(std::ifstream& in, ReadFile& rf) { 

 

 // if file load fails, throw exception 

 if (in == NULL) { 

  throw "null_file_exception"; 

 } 

 

 string chunk; 

 

 // while there is still more to read 

 while (!in.eof()) { 

  // reads in current part of file 

  in >> ws >> chunk >> ws; 

   



 

 

  if (!chunk.compare("OFF")) 

  { 

   cout << "[ReadFile] OFF file found!" << endl; 

  } 

   

  int countVertices; 

  int countFaces; 

  // I don't know what the third value in .off is, but we don't 

need it. 

  int countMystery; 

   

  // Object for converting stuff 

  Convert conv; 

 

  // Read how many vertices and faces there are 

  in >> ws >> countVertices >> ws; 

  in >> ws >> countFaces >> ws; 

  in >> ws >> countMystery >> ws; 

 

  rf.output << "<?xml version=\"1.0\" encoding=\"UTF-8\"?>" << 

endl; 

  rf.output << "<resources>" << endl; 

  rf.output << "\t<array name=\"vertices\">" << endl; 

 

  float coordValue = 0; 

  for (int vertex = 0; vertex < countVertices; vertex++) { 

   //rf.output << '\t'; 

   for (int coord = 0; coord < 3; coord++) { 

    in >> ws >> coordValue >> ws; 

    rf.output << "\t\t<item>"; 

    rf.output << conv.floatToAndroidInt(coordValue);// 

<< ", "; 

    rf.output << "</item>" << endl; 

   } 

   rf.output << endl; 

  } 

  rf.output << "\t</array>" << endl; 

  rf.output << "</resources>" << endl; 

 

  rf.output << endl << "// INDEX LIST: " << endl << endl; 

 

  rf.output << "<?xml version=\"1.0\" encoding=\"UTF-8\"?>" << 

endl; 

  rf.output << "<resources>" << endl; 

  rf.output << "\t<array name=\"indices\">" << endl; 

 

  for (int face = 0; face < countFaces; face++) { 

   in >> ws >> chunk >> ws; 

   int countIndex(conv.stringToInt(chunk)); 

   int firstIndex; 

   if (countIndex == 4) { 

    for (int index = 0; index < 4; index++) { 

     in >> ws >> chunk >> ws; 

     if (index == 0) { 

      firstIndex = conv.stringToInt(chunk); 

      rf.output << "\t\t<item>"; 

      rf.output << firstIndex;// << ", "; 

      rf.output << "</item>" << endl; 

     } 

     else if (index == 2) { 

      rf.output << "\t\t<item>"; 



 

 

      rf.output << conv.stringToInt(chunk); 

      rf.output << "</item>" << endl; 

       

      rf.output << "\t\t<item>"; 

      rf.output << conv.stringToInt(chunk); 

      rf.output << "</item>" << endl; 

     } 

     else { 

      rf.output << "\t\t<item>"; 

      rf.output << conv.stringToInt(chunk); 

      rf.output << "</item>" << endl; 

     } 

    } 

   } 

   rf.output << "\t\t<item>"; 

   rf.output << firstIndex; 

   rf.output << "</item>" << endl; 

   rf.output << endl; 

  } 

  rf.output << "\t</array>" << endl; 

  rf.output << "</resources>" << endl; 

 } 

 return in; 

} 

 

std::ostringstream& operator<<(std::ostringstream& out, ReadFile& rf) 

{ 

 return rf.output; 

} 

 

std::string ReadFile::getExtension(char* fileName)  

{ 

 string strFileName(fileName); 

 string extension = ""; 

 

 for (unsigned i = strFileName.find_last_of('.'); i < 

strlen(fileName); i++) 

 { 

  extension += fileName[i]; 

 } 

 

 return extension; 

} 

 

// default destructor 

ReadFile::~ReadFile() { 

} 

 
 

//FILE NAME: Convert.h 

 

#ifndef __CONVERT_H__ 

#define __CONVERT_H__ 

 

#include <string> 

#include <sstream> 

 

class Convert { 

private: 

 static const int one = 0x10000; 

public: 



 

 

 Convert::Convert(){}; 

  

 int Convert::stringToInt(const std::string& str); 

 int Convert::floatToInt(const float& fl); 

 int Convert::floatToAndroidInt(const float& fl); 

  

 Convert::~Convert(){}; 

}; 

 

#endif 

 
 
//FILE NAME: Convert.cpp 

 

#include  "Convert.h" 

 

int Convert::stringToInt(const std::string& str) 

{ 

 std::istringstream iss(str); 

 int integer; 

 if (!(iss >> integer)) 

 { 

  return 0; 

 } 

 return integer; 

} 

 

int Convert::floatToInt(const float& fl) 

{ 

 return (fl >= 0) ? (int)(fl + 0.5) : (int)(fl - 0.5); 

} 

 

int Convert::floatToAndroidInt(const float& fl) 

{ 

 return floatToInt(fl*one); 

} 
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