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ABSTRACT 
This paper describes the development of 
augmented reality system using the sensor and 
Bluetooth technologies incorporated together 
with a 3D program. The system is used to 
produce a virtual reality that can be augmented 
through the projector device into real world. The 
concept is to create 3D environment where the 
virtual camera, which is placed within the 3D 
environment, would be controlled by the external 
controller in real time. The movement of the 
camera is controlled by the motion of the 
controller; therefore the projection of the 3D 
environment corresponds to the position of the 
controller. The paper also discusses research part 
of the project and the findings related to the 
users’ evaluations of the system. 

Categories and Subject Descriptors 
D.2.6 [Programming Environments]: Graphical 
environments; I.3.5 [Computational Geometry 
and Object Modeling]: Constructive solid 
geometry (CSG), Curve, surface, solid and object 
representations; I.3.7 [Three-Dimensional 
Graphics and Realism]: Virtual reality 

General Terms 
Design 

Keywords 
Augmented reality, Wii Motion Plus controller, 
Blender, gyroscope sensor, GlovePIE, Python, 
game engine 

 

 

 

 

1. INTRODUCTION 
Augmented reality [AR] can be understood as a 
concept that involves interaction between the true 
and virtual reality. With the rise of computational 
and processing technologies, the growth of 3D 
interaction techniques supported by new digital 
devices and applications followed. In order to 
produce and to control the projection of the 
augmented reality content, the system needs to be 
capable of generating graphical representation 
and its projection motion. Thus, the combination 
of signal processing and 3D applications was 
used to create the base functionality of the AR 
system. This application can be seen as a classical 
augmented reality application that uses 
augmented content which is fixed and local such 
as 3D objects. The 3D environment, which is 
constructed from 3D objects, can be projected 
into a real world space through the projector. The 
view of the virtual environment can be controlled 
by the controller that is connected to the 3D 
application. 

 

With the game industry expansion, the new 
intuitive game interaction concepts came along. 
One of the products of such development is the 
Nintendo’s Wii console [1]. The Wii created new 
ways for user-game interaction techniques. Those 
new techniques are based on principles such as 
tracking of the body movements and motion 
sensing controller. Because of the features that 
the Wii Remote controller has, it became the 
perfect candidate for the augmented reality 
projection controller.  
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1.1 Problem Formulation 

The main problem was technical in nature 
because initiating focus was on developing such a 
system which is capable of generating and 
projecting 3D graphical content while having full 
control over its projection. The idea of creating 
3D environment where the virtual camera would 
be used as a viewing portal is straight forward 
concept but the problem lays in obtaining the 
control over the camera and its motion in real 
time. In order to succeed, the system needed to 
have controller capable of sensing motion in all 
directions. Therefore, the Wii Motion Plus 
Remote controller was ideal since it has built-in 
gyroscope sensor. The Wii Remote controller is 
built to work only with Wii console, thus the 
problem of establishing the connection between 
Wii Remote controller and 3D program is 
something to address. Furthermore, the accuracy 
between controller’s movement and virtual 
camera`s motion needs to be precise. 

 

Another interesting thing to explore was to see 
how users will experience different 3D 
environment settings since each 3D scene used in 
the system contains different graphical 
presentation. The aim was to find out if the 
similarity between augmented presentation of 
information and the true visual content of the 
physical space that surrounds the projection can 
create illusion of reality. This thought was the 
starting point of the research process and as such 
it can be understood as the fundamental idea that 
evolved into research question which is:  
 
“What conditions need to be met, in order 
illusion to work?” 
 

1.2 Related Work 

There are many forms of augmented reality 
researches. Some projects are more determined 

on finding new interaction possibilities for game 
players while other are more oriented towards 
exploring how augmented reality can be used for 
social interactions. Projects with social 
interaction theme, aims to explore the 
relationship between social encounter, place and 
technology. One of these projects is the “Branded 
Spaces: Ubiquitous technologies and the design 
of places for meaningful human encounter” [2] 
research project. The aim of the research was to 
create new augmented social interaction through 
the usage of the social networking application 
called Second Life. In their work, they have used 
different types of technologies and digital 
devices. The project idea was to combine 
segments of the real world with a virtual 
environment of the Second Life application. The 
process starts when a user takes a picture of the 
real time location or an object with his camera 
phone. The picture is then sent to a server by 
MMS where is striped out and modified in order 
to be augmented into a specific location in 
Second Life environment. An image can as well 
be returned with augmented content from the 
Second Life environment to the user’s phone. The 
system also provides large screens where users 
can interact with avatars from the Second Life 
application. They have also used Max/MSP/Jitter 
application for video image processing in order to 
output live streaming back to the Second Life 
environment. This application allows them to 
track person’s movement and to subtract person’s 
image from the background. Once the person’s 
image is placed in the Second Life`s 
environment, it appears to be in space rather than 
as overlay on the screen [2]. 

 

Another interesting project, called “Construction 
at distance of 3D geometry”, describes how 
augmented reality can be used for outdoor 
modeling work. The system contains of mobile 
augmented reality wearable computer that can be 
used outdoors. The user can interact with the 
computer using his head and hand gestures. As an 
input device, a set of pinch gloves are used and as 
a monitor device, a head mounted display is used. 
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The result of their work was in establishing 
different techniques for capturing, creating and 
manipulating an outdoor geometry. The system 
provides possibility to immediately render 3D 
geometry and to compare it with physical world 
in real time. Its precision modeling capabilities 
are limited because the system is built to handle 
only conceptual modeling tasks [3]. 

 

Trans Vision is another augmented reality project 
and it is conducted by Jun Rekimoto at Sony 
Computer Science Laboratory in Tokyo. The 
Trans Vision is the system that consists of 
palmtop size see-through device that enables user 
to look at augmented graphical objects which are 
projected into real world space. The system also 
projects top of the table where the 3D objects are 
placed. The system can be used by more users at 
the same time; therefore the users can share the 
same virtual object in the real world space. The 
position and orientation of the augmented 3D 
object is produced by the system based on 
tracking calculation of the position and 
orientation of the device. If more than one user 
are using the system, the coordinate of each 
participants are identical thus, all the users have a 
view of the object from the same angle. 
Furthermore, since the system augments a 3D 
object into a real world space, participants can 
see each other and the surroundings around them 
through the device without any need for extra 
processing time by the system. What this means 
is that, the system does not need to creates virtual 
reality, or in other words to generate and render 
participants and the surroundings as computer 
models, but instead it can only augment the 3D 
model into real world.  
 
The system is constructed from two main parts, 
the display part and the graphics subsystem (SGI 
Indigo2). The display part consists of LCD 
screen, a CCD camera, a 3Dsensor and two 
buttons for operations. The sensor tracks the 
position and orientation of the camera while the 
graphic subsystem renders a scene according to 

the current orientation and position of the camera. 
The system contains a simple model of the real 
world, the table top, which is invisible but helps 
system to calculate and produce shadows of the 
model. When more users are using the system at 
the same time, they are sharing simultaneously 
the 3D object and any modifications made on an 
object. Each user has its own database for the 3D 
model but they can not simultaneously modify the 
model. Only one user can manipulate the model 
at the time while the get-ownership state over the 
model is done by pressing the device’s upper 
button. The lower button is used for accessing the 
menu. Project can be seen as a successful since 
the mutual awareness of participants is achieved 
by using the shared augmented reality [4].  
 

Another exciting project that involves augmented 
reality is conducted by a visionary MIT student 
called Pranav Mistry. The goal of the project was 
to develop a digital sixth sense, the sense that can 
allow users to get easy access to information that 
can help them to make a right decision in specific 
situations. The idea for such a project came from 
Pranav’s personal believes that the interaction 
with computing devices could be taken to another 
level. He suggests that since we know how to use 
and operate with physical objects we can use 
them instead of key words to access information 
through the computing devices. This statement 
supports the fact that users are interested in 
information and not the process of getting that 
information..   
 
The Sixth Sense project is still work in progress 
but the product that is already developed can be 
described as a digital device that is built from 
different components. The main parts of the 
device are simple web cam, portable battery for 
the projecting system and a little mirror. These 
components communicate to the mobile phone 
which acts as a communication and computation 
device. Different colour marker caps, which are 
placed at the top of the fingers, are used as points 
of interest for the tracking system.  The camera 
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can recognize any gestures that the user makes 
with his fingers and therefore it allows him to use 
the system for various purposes. For instance, the 
user can walk up to any surface and starts using 
his hands to interact with information that is 
projected in front of him. The system also 
recognize iconic gestures such as “take a picture” 
gesture which allows user to take a picture of 
anything that is in front of him. If the user wants 
to see the pictures that he took, he can simply use 
any surface where he can project the pictures that 
he took. After projecting, he can organize and 
manipulate pictures just by using the hand 
gestures. The device is completely mobile and 
portable which allows user to interact with 
projected data at any surface. The services that 
the Sixth Sense system can provide for a user are 
huge and immediate. For example, the user can 
pick up any product in a shop and the system 
would automatically recognize the product 
through the image recognition or marker 
technology. The system can provide user with 
information about that product and also display 
some additional information which might not be 
shown on a product. For instance, if the user 
wants to choose a book or read a newspaper, the 
system would provide an option for user to access 
sound or video overview of that specific book or 
news. More controversial thing that the system 
can do is that it can display information about the 
person that stands in front of the user. While the 
user interacts with the person that stands in front 
of him, the cloud of text tags that are associated 
with that person are projected. The sixth sense 
system is powerful tool for accessing or 
manipulating the digital information, therefore it 
might become a tool that can help average person 
in various situations but also it can help persons 
with special needs to deal with their everyday 
problems [5].   
 

2. PROJECT OVERVIEW 
 

There are many different augmented reality 
research projects out there, but usually the 

augmented system are based on principles of 
augmenting virtual reality onto 2D space. What is 
different about this project is that it focuses on to 
find out if the 3D virtual world can be 
successfully augmented into a real physical 
world. The real world is a 3D space by its nature; 
therefore the successful augmentation of the 
virtual world would mean that the coordinates of 
the projected view correspond to the coordinates 
of the real world. The goal of the project is to find 
out if it is possible to build such a system where 
the user would be able to control a view of the 
virtual world’s augmentation into a real world 
space. The project also investigates under which 
conditions the augmentation of virtual world can 
create an illusion of reality.  
 
The content of the paper is divided into two parts. 
In the first part of the document, the reader will 
be introduced to the process of the system’s 
development. Detailed description of the system’s 
components and how they are combined together 
are presented in the first part of the document. 
The reader will also find out how the virtual 
world is constructed and how it is augmented into 
a real world. The second part of the paper 
concentrates more on the research goal of the 
project. Throughout this part of the paper, the 
reader will find out how the tests are conducted 
and what the results are. The document is 
finalized with short discussion and conclusion.  
 
3. SYSTEM DEVELOPMENT 
3.1 Required Equipment 
The creation of augmented reality system 
involved programs like Blender [6] and GlovePIE 
[7]. Blender is a powerful, open-source program 
that allows user to create a wide range of 2D and 
3D content. It was a main tool that was used for 
creation of 3D environment. GlovePIE is also an 
open-source application that enables users to 
emulate input devices like keyboard or gamepads. 
Its main purpose was to emulate Wii Remote`s 
buttons to act as a computer mouse buttons. The 
Python [8] scripts are used in several occasions. 
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The main role that Python script played was to 
establish connection between virtual camera and 
Wii Remote controller through the computer 
mouse driver. They are also used for creation of 
2D filter which are used as an esthetical add-on to 
the overall look of the scenes. These are the 
programs that play essential role in signal 
processing and they can be seen as important 
components of the system. Some other 
applications were used during the system 
development process like GIMP [9] and Audacity 
[10]. The GIMP program was very helpful for 
creation of textures for 3D objects while 
Audacity was used creation of sound files. They 
do not have fundamental part in systems 
functionality but rather as a help tools for 
achieving intended results.   

 

The hardware components that the system is built 
from are: PC computer, Bluetooth device, 
projector and Wii Motion Plus Controller. The 
Wii controller is the center component of the 
system because of its functionality purpose. The 
main difference between previous versions of Wii 
Remote controller and Wii Motion Plus is in its 
capability to accurately sense and measure the 
motion of the controller. Before the 
accelerometer sensors were used to measure the 
motion of the controller and because of their 
measurement physics the precision of motion 
tracking was not accurate. With introduction of 
Motion Plus add-on, which is actually a 
gyroscope sensor provided for each axis (x, y, and 
z), gave possibility to Wii controller to measure 
1:1 motion tracking. The picture of Wii Motion 
Plus Remote controller with its rotational angels 
can be seen in the figure 1. 

 
Figure 1. Wii Motion Plus Remote controller and its rotational 

angles. 

3.2 Design 

The design process of the system was divided in 
couple of steps. During the first phase the focus 
was on figuring out the best possible way for 
connecting Wii controller with virtual camera in 
Blender application. The logical solution was to 
use Open Sound Control [OSC] protocol that 
allows transition of data packages between digital 
devices. The OSC is a Python module and it is 
supported by GlovePIE program. The user can 
write GlovePIE script that will pack signals from 
each sensor input into a data packages with 
possibility of sending those packages to the 
specific computer (localhost) address which can 
be stated by the user within the script. In order to 
receive those data packages, the specific Python 
script should be run in Blender’s text editor. The 
script unpacks the data signal and depending on 
what the user wants to achieve, the signal can be 
assigned to execute various actions for instance, 
to control the movement or to change the color of 
the 3D objects.  

 

Another way for connecting Wii controller and 
virtual camera is to use mouse driver installed on 
the computer as a bridge for establishing signal 
connection between controller and camera. With 
the help of the GlovePIE program the Wii 
controller can be converted to act as a computer 
mouse while with the usage of the specific 
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Python script, which is compiled in Blender, the 
mouse can be assigned as a controller of the 
virtual camera within the 3D environment. This is 
the option that is used by the system since I had 
many technical obstacles working with OSC 
protocol. Thus, the two types of scripts were 
created. One was GlovePIE script and the other 
was Python script.  

 

Second phase of the design process was focused 
on creation of 3D environment. The Blender 
application was used as a tool for modeling and 
texturing 3D objects. Blender provides various 
tools for manipulation of basic geometric shapes 
and forms. Different modeling and texturing 
techniques were used during the design process 
and all the 3D objects were created from 
primitive geometric shapes. The important thing 
that one has to keep in mind is the number of 
polygonal faces that the Blender’s game engine 
[GE] can process. There are many things that can 
affect the performance of the GE for instance, the 
number and size of textures can demand longer 
computing and processing time, but it also 
depends on the capabilities of the computers that 
are used for running the GE. Since the 3D 
application was intended to be a generator of the 
virtual reality it was important to choose program 
that allows direct interaction with its 3D 
environment in real time. The Blender was 
perfect solution since it has integrated game 
engine and provides graphical user interface 
(GUI) for controlling it. The sample screen shot 
of the Blender application can be seen in figure 2. 

      
Figure 2. Blender screenshot. 

 

The three different 3D environments were created 
during the design process. The idea behind it was 
to create different visual presentation of 
information and to see how the users will react to 
each of them. Two environments are indoor 
scenes where the virtual camera is located in the 
middle of the room. One of them contains more 
visual information like colorful wallpapers, 
carpet, and wooden floor, ceiling lamps and door 
while the other scene has only white cracked 
walls with brick wall behind them. The outdoor 
scene is richer in visual presentation of 
information but also the most demanding scene 
when it comes to processing time and power. The 
screenshot of all three scenes can be found in 
figure 3. 

 

As mentioned before, 2D filters were used to add 
esthetical touch to the overall look of the scenes. 
2D filters are created by Python scripts and they 
can be applied to the scene through the Blender’s 
game engine. They can be assigned to any object 
in the scene but in order to have full control of 
them I have used empty objects provided by 
Blender as containers for 2D filters. The empty 
objects do not contain and visual data information 
and therefore they are ideal for holding 2D filters. 
There are many 2D filter but these ones that are 
used in the system are chosen from many because 
they suit the scene’s visual presentation of 
information in the best way. The “edgeblure” 
filter is used to convert edges of 3D objects in the 
scene, which appear pixelated, into more smooth 
looking edges. The “vignette-size” filter is used 
for controlling the view size of the camera. The 
“Bleach” filter makes the colors in the scene to 
have more contrast. During the texturing process 
the gamma value for each texture was corrected, 
thus gamma correction filter makes them look the 
way they should. The “HDR” filter stands for 
high dynamic range and by applying it to the 
scene it activates high dynamic range for the 
colors in the scene. The “SSAO” filter stands for 
screen space ambient occlusion and its 
functionality is based on actual geometry of the 
mesh objects.  
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Figure 3. Screenshots of the scenes. 1. Outdoor scene, 2. 

Indoor scene with high visual information, 3. Indoor scene 
with low visual information. 

 

3.3 Implementation 

The implementation process describes steps that 
were taken in order to establish signal flow 
between Wii controller and Virtual camera. 
Before the user can interact with the system 
he/she needs to run GlovePIE script together with 
Blender’s game engine. Once the user activates 
the signal by pressing the (B) button on the Wii 
controller, the Wii controller starts acting as a 
computer mouse. This is possible because the 
GlovePIE script is used to emulate Wii controller 
into a computer mouse. The other part of the code 
uses Microsoft’s DirectInput to read physical 

movements of the mouse directly from the mouse 
hardware. This is description of the one side of 
the signal bridge; the other side of the bridge is 
constructed within the Blender’s GE.  

 

The powerful thing that Blender provides to its 
users is the built-in game engine that allows users 
to work on a game interaction development 
within the same environment. The graphical user 
interface of Blender provides logical panel that 
works on a principle of click-and-drag in order to 
create basic game interaction. The logical panel is 
made of three main Logical Blocks which are: 
sensors, controllers and actuators. Each logical 
block contains a number of different sub-types. 
Sensors are used for detecting the input while the 
actuators are used for carrying out intended action 
which can be for instance, moving an object 
through the scene. Controllers are user to link 
sensors and actuators, thus they control how 
sensors and actuators interact with each other. 
The logic panel also has an option called “Add 
Property” which can be used to get more control 
over specific segments of the Python code that 
are related to the game interaction. Add property 
option also contains additional sub-options like 
Boolean, float and integer. The Python script 
plays essential role in connecting the signal with 
the virtual camera. With the usage of the script 
one can obtain full control over of object’s 
movement and rotational freedom. The 
screenshot of the Blender’s game engine logical 
panel with presentation of logical blocks 
connection for the virtual camera can be seen in 
the figure 4.  

 

 

 
 Figure 4. Blender’s GE logical panel screenshot. 
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The implementation of 2D filters and sound files 
also needs to be done through the game engine 
logic panel. Blender also provides panel for 
sound adjustments but before the sound can be 
activated it needs to be applied in the games 
engine. The same procedure is used for 
connecting logical blocks but this time instead of 
always sensor i have decided to use keyboard 
buttons as triggers for the sounds. 
 
4. TESTING PROCESS 
 
Until now we were describing and discussing the 
technical aspect of the project, while from here 
on the paper will talk more about research 
process and the project’s overall contribution. As 
it is explained in the first part of the paper, the 
system was built to create and augment virtual 
reality into a real world. The research goal was to 
find out which type of virtual world settings will 
match in the best way the real world settings or in 
other words the physical room. The idea was to 
see if different types of digital settings can trick 
visual perceptual of the user in making him 
believe that the virtual world is actually the real 
world.  
 
  In order to answer the research question, the 
participants had to be involved with the system 
through interaction with it, and as a result of their 
interaction, the evaluation of the system was 
made with an open-end interviews and 
questionnaire. The best way to get good overview 
of the system’s technical potential and its 
capability to produce the perceptual illusion of 
the reality was to divide testing process into three 
parts. Each part of the testing process was created 
respectively to its overall goal. Thus, in the first 
part of the testing process the participants were 
introduced to the system and each of them got a 
chance to interact with the system. The second 
part was the “game-play” session, and the last 
part was the period when the participants were 
evaluating the system.  
 

4.1 Testing settings and participants 
The testing was conducted in a small room which 
contained some furniture. Most of the furniture 
was removed from the room in order to create 
free space so that the projection can run 
smoothly. The ideal settings for wall projection 
could not be created because there were some 
things that could not be removed from the room, 
like couch, wardrobe and the table with a 
computer. The size of the room is 6m by 4m with 
one door on one side of the room and the window 
on the other side, while the whole room is painted 
in white color. There were ten male persons that 
were involved in testing process. The youngest 
participant was 16 years old high school student. 
Another three users were still attending high 
school at the time of testing, while the rest were 
students of various universities. Two guys were 
master students of the Political Science program 
at the Stockholm University while other two 
where studding Economics and Finance. One 
participant was PhD. Student of Economics, 
while the oldest participant was an IT consultant 
and he was the only person with some technical 
understanding of the system. It is important to 
mention that participants did not come all 
together but rather in groups over different 
periods of time. The image of two participants 
can be seen in figure 5. 
 

 
Figure 5. Image of two participants. 
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4.2 Introduction to the system  
In the first part of the testing process, participants 
were introduced to the system through simple 
presentation on how system works and how they 
can control camera’s view via Wii remote 
controller. The oral explanation on how the 
projector has to be hold together with the 
Wiimote in the way where the both devices are 
aligned aiming in the same direction was stated. 
The best way for holding them is to put projector 
on the top of the Wiimote with projecting 
direction matching the Wiimote`s top part. 
Arranging devices in this way allows user to have 
access to the Wiimote`s B button, which is 
important for activating the signal flow of the 
Wiimote. The graphical representation of devices 
positions can be seen in figure 6.  
 

 
Figure 6. Graphical presentation of the Wii controller and 
projector device positions. 

 
The important thing to point out is that the first 
part of testing process can be seen as the most 
important part regarding the testing findings. This 
is so because the users were asked about specific 
things that involved a technical part of the system 
and its accuracy. One of the topics of discussion 
was the alignment of the digital world with a real 
world. To be more specific, the importance of an 
alignment of the virtual room walls with the walls 
of the real room was questioned. Both indoor 
rooms were used for this alignment testing, plus 

one extra room was created just for this specific 
part of testing. This extra room had cylindrical 
shape while the wall of the room was covered 
with patterned wallpaper. As the research focus 
was on the alignment between the virtual and 
physical room, the interesting thing was to see 
how the projection will look at the corners of the 
room and if the alignment is accurate. 
Furthermore, the cylindrical room was created to 
see if it can substitute square room, since it does 
not have any corners. The problem that can rise in 
this situation comes from unequal shape of 
rooms; therefore the projection might look as the 
wall texture is stretched at the corners of the 
room. The screenshot of the cylindrical room can 
be seen in figure 6. 
 

 
Figure 7. Screenshot of the cylindrical room. 

 
Another point of discussion was the accuracy of 
the controller. As stated before in the paper, the 
system does not produce 100% accuracy in 
collaboration between the movement of a joystick 
and the virtual camera. Therefore, the users were 
closely observed while they were using the 
controller since they did not know that the 
accuracy is not totally correct. The goal was to 
see if they would notice it and if so, how that 
would have an impact on their experience.      
  
Textures played important part in the project 
since they gave look to the objects in the scenes. 
The process of their creation was explained in 
previous chapters so we will not talk about it here 
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but rather how different combinations of textural 
maps can have effect on user’s perception of the 
scene. In order to create realistically looking 
objects, the combination of normal and specular 
maps, should be used. Hence, each scene was 
tested with textures that were created from 
normal and specular maps and textures that were 
just plain images. The goal was to see if different 
textural setups might affect users’ perception of 
objects in the scene and if so which type of 
textures will appear more realistic to them. The 
importance of light amount in the physical room 
was also tested. The reason for this was that it 
was important to see if some small amount of 
light in the physical room can affect users’ 
experience.  
 
Another interesting thing to examine was the 
implementation of different sounds in the outdoor 
scene and how it can affect users’ overall 
perception of the scene. The testing of sounds 
was very important in overall research goal. The 
importance lays in the fact that sounds are 
detected with different sensory system; therefore 
users might experience the scene with sounds in 
different way then the one without sounds. This 
topic had to be investigated in order to be able to 
conclude whether the scene with sounds can 
contribute to the overall realistic appear of the 
scene.  
 
4.3 Game play session  
The second part of the testing process is called 
game-play session. This is the period when the 
users got more dynamically involved with the 
system by playing a little game. The purpose of 
this part was to observe the users’ behavior and 
their experience of the game. The idea behind the 
game design was to create several objects and 
place them in various locations in the scene. The 
objects had to be positioned in the scene in a way 
that will make them difficult to be detected 
easily. Once the game starts, the user will have 
one minute to find as many objects as possible. 
Since the system does not provide digital 

counting of objects, it was done manually. The 
time was measured with stopwatch since there 
was no option in the system to measure time 
automatically, and the person who finds the 
biggest number of objects for given time is the 
winner. The scene that was used for the game was 
the outdoor scene. The decision to use this scene 
and not the other ones was based on couple of 
things. For instance, the outdoor scene did not 
need to be aligned with the physical walls of the 
room since it did not have any corners. The depth 
of the scene was greater than the indoor scenes 
since there were no virtual walls; hence the 
opportunity for placing the objects further or 
closer from the camera was bigger. Also the 
scene contained more objects, therefore it was 
richer in visual information comparing to the 
indoor scenes. After some preliminary testing, the 
decision was made to use simple geometrical 
forms as objects instead of some complicated 
shaped ones. The main reason for this decision 
was partly in a weak quality of the projection but 
also the physical room settings were not ideal. As 
mentioned in previous part of the document, there 
was some furniture that could not be removed 
from the room, thus the projection did not have 
smooth path to the wall but rather it was 
projecting on the furniture too. The four basic 
geometrical forms sphere, square, pyramid and 
cylinder were used as objects. There were two 
objects of each shape placed around the scene, 
and each of them was colored with one of four 
colors which are red, blue, green and white. The 
screenshot of the scene with hidden objects can 
be seen on picture number 8. 

  
Figure 8. Screenshot of the play-game scene. 
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4.4 Evaluation process    
After the system’s tryout the users were 
interviewed and the questionnaire was presented 
to them. The notes were taken throughout the 
interviews and during the testing period. The 
interviews were in open-end format and during 
the discourse different questions related to the 
technical aspects of the system performance were 
asked. There was also a part of interview that was 
only focused on the user’s personal experience 
that was produced from interaction with 
augmented reality system. At the end of 
interviews, users were asked to fill up the 
questionnaire where various questions related to 
the problems stated in the part one of testing 
process where asked. The important thing to 
mention is that the Jonas Löwgren’s [11] list of 
“use qualities” was used as a criterion of the 
system design. The example of the questionnaire 
can be found at the end of the document, in 
appendix section.   
 
5. TESTING RESULTS AND FINDING 

After the testing process finished, all data from 
observation notes, interviews and questionnaire 
was gathered and divided into specific groups. 
Each group of data was corresponding to specific 
problem; therefore the analysis of each issue 
could easily be done. Furthermore, the results of 
each problem would automatically get grouped 
and therefore provide nice overall presentation of 
findings.  
 
The first thing that was clear from the analysis 
was the result regarding the question of the 
lighting in the physical room. From the answers 
that users made, it was obvious that there should 
be no extra light in the room. They supported 
their point of view with couple of explanations 
from which, the one that was stated by all of 
them, was that the projection is looking week and 
that the new light source would make it even 
weaker. Since there was a window in the room, 
they also stated that the window should be totally 

covered so there is no light coming in from the 
street.  
 
Furthermore, the results on the questions 
regarding the testing settings requirement proved 
that the testing procedure required specific 
conditions in order to conduct the tests properly. 
The ideal testing condition would be empty room 
with no windows or doors and totally dark. This 
type of condition would make the projection 
perfectly clear because there would be no 
obstacles between the walls and the projector. 
During the testing process these conditions were 
not met but the similar settings were used. 
 
Another situation where the participants 
answered the questions in the same manner was 
the questions regarding the problem of the rooms’ 
alignment. All users stated in their questionnaire 
that the alignment of the virtual rooms with 
physical room is needed in order to create a 
feeling of realism. They argued that if the 
alignment is not set, then the perception of the 
virtual room would not be the same as the 
perception of the room where the alignment is 
fixed. This statement can be easily understood if 
the look of the projection in both situations is 
taken into account. For instance, the projection of 
the room which is not aligned looks strange 
because the projection of digital walls stretch 
over the ceiling and floor of the physical room, 
and therefore automatically cause the negative 
feeling that something is not right. In different 
situation when the walls are aligned, the 
participants do not get any hostility towards the 
projection and therefore they perceive it in the 
right way.  
 
The only problem with users’ perception of the 
outdoor scene was the look of the ground 
projection. The participants stated that the 
projection of the snow with the footprints did not 
look convincing because it is made on the flat 
surface which is the floor. They argued that since 
the look of the ground in the scene is not flat but 
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rather bumpy with footprints and small path in 
the snow, the projection on the flat floor does not 
produce convincing results. Furthermore, they 
said that if the snow ground was just plain 
without any footprints and trodden path the 
projection of the ground would look better and 
more persuasive.   
 
When it comes to choosing the virtual room 
based on realistic look, the users’ opinions were 
divided. Seven of them said that the white room 
was looking more realistic while the other three 
said that the room with pictures was better. The 
ones that had chosen the white room based their 
statements on couple of things. First what they 
noticed was that the walls of the physical room 
had the same color as the virtual room. This fact 
was crucial in their perception of the projection. 
From their explanations I could conclude that 
similarity between the virtual and physical room 
was very important. The importance was not just 
in the alignment of the rooms but also in the 
rooms’ esthetics.  For instance, when the white 
room’s projection starts the system only projects 
the white wall of the virtual room. At that 
moment user do not get any feeling of surprise 
since the projection looks the same as the 
physical room. Only when the user starts moving 
the controller, hence the camera view, the cracks 
in the wall show up and therefore the effect of 
surprise gets activated. On the other hand, the 
room with pictures produces the element of 
surprise immediately once the projection is on. 
This effect did not help users to experience the 
projection as a part of real room but rather as a 
fiction. The explanation for such experience was 
that the virtual room did not appear realistic 
because of its structural look. In other words, the 
pictures and lamps in the scene are 3d objects 
which are hanging on the wall and as such they 
should appear closer to the user. This is not how 
users experienced it but rather as a flat image. 
Furthermore, they stated that the best thing for the 
look of the scene, if the goal was to make it look 
real, was to design things behind the walls. For 
instance, the design of the room with holes in the 

wall and pipes behind would look more realistic 
in their opinion. In the case of the cylindrical 
room, users argued that the best thing would be if 
the wall of the virtual room was just colored in 
one color without any textures. The reason for 
such opinion lays in the projection of the texture 
which looked weird at the corners of the room. 
As already mentioned before the design of texture 
was made of patterned shapes and since the 
digital room is cylindrical shape, the projection 
onto square room makes them look stretched at 
the corners.  
 
The results on the texture topic can be seen as 
unexpected. The assumption was that the full 
textures, ones with bump and specular maps, 
would have greater affect of on users’ perception. 
The results show that users did not notice a big 
difference between different textures. Participants 
also stated that the week projection might be the 
reason for such results. Furthermore, they argued 
that when they were trying the system on the 
computer monitor, they could easily notice the 
difference and therefore the affect that it might 
had.  
 
The findings regarding the outdoor scene with 
sounds were interesting. Users argued that sounds 
bring new dimension to the realism of the scene. 
In their answers they stated that sounds of 
different animals corresponded to the visual 
content of the scene and therefore made the scene 
appear more realistic.  
 
From the testing results some technical issues 
were raised. The main issue was the problem of 
accuracy between the movement of the Wii 
controller and the motion of the camera. The 
problem was caused by the yaw rotation of the 
gyroscope sensor and it is related to the GlovePIE 
scrip. The gyroscope, which is located at the 
horizontal angle, produces the drifting of the 
mouse courser. This can result in constant camera 
motion to the left side even if the user is holding 
the Wii controller still. The accuracy can be 
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adjusted by adding or subtracting values from 
GlovePIE frame rate. Putting higher values will 
cause faster value updating by the computer 
which will result in faster movement of the 
camera. The down side is that when the value is 
increased the drifting effect is increased too. 
Finding the balance can produce almost precise 
relation between the movements of the Wii 
controller and the virtual camera but only if the 
committed in the same location. For instance, if 
the rotations are conducted around the bottom of 
the Wii controller, the places where the 
gyroscope sensor is located, the results can be 
accurate. But if the rotations are made around the 
user, the distance between the Wii controller’s 
gyroscope and the center location of the user’s 
position can cause inaccurate results; the rotation 
of the virtual camera will be slower than the 
rotation of the Wii controller. Therefore the 
GlovePIE frame rate has to be adjusted again. 
These are the issues that can be solved by 
rewriting the GlovePIE script or by looking for 
different solutions in establishing connection 
between Wii controller and Blender’s virtual 
camera. 

 
From the analysis of the questionnaire’s data and 
the notes that were taken during the observations 
of the participants’ interaction with the system, 
some obvious results could be concluded 
immediately. All the users found the system to be 
highly playable. They stated that the experience 
that they were getting from the interaction with 
the system was similar to the experience they 
have had when they played a video game. Thus, it 
is easy to conclude that the system has playability 
quality. Another design quality that the system 
contains is the element of surprise. The system 
was rated with high grades for producing new 
experience since most of the users have never 
before interacted with augmented reality system. 
The users also stated that the system is responsive 
and therefore they confirmed that the system 
contains pliability quality. Furthermore, they said 
that the system posse’s seductivity and immersion 
quality and that the immersion quality is specially 

presented in the outdoor scene with sounds.  
These are the system design qualities that all 
participants highlighted.  
 
5. DISCUSSION 

This section contains a discussion of the testing 
results and technical issues of the system. The 
first thing that can be concluded from the testing 
results is that the ideal settings for the projection 
would be an empty room without any lights. The 
second thing that is stressed as highly significant 
is the alignment between the digital world and the 
physical world. As we can see from the results, 
the alignment is highly important in order to 
achieve the illusion of reality. Another interesting 
thing was that the users found the indoor scene 
with low visual information as the scene where 
they experience mostly illusion of reality. They 
explained this experience with arguments that the 
walls of the scene are very similar color to the 
real walls of the room where the testing was held. 
This means that if there is a little variation in 
visual presentation of information between the 
augmented reality and the real world space, the 
creation of the reality illusion can be easily 
constructed. Another interesting thing occurred 
when the users were introduced to the system for 
the first time. The first thing that most of them 
said was: “How do I shoot?” This can be 
understood as an indication that they were already 
assuming that the system is actually a video 
game. Therefore, the logical thing would be to 
further develop system into a video game. There 
are also many different areas where the system 
can be used. For example, from the discussion 
with the oldest participant I found out that similar 
augmented reality systems are on demand in 
various industries.  
 
6. CONCLUSION 

The paper has presented augmented reality 
system that is controlled by the gyroscope sensor. 
The goals that were set at the beginning of the 
project were met; therefore I can argue that the 
project is successful. The testing findings and 
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users experience created by the interaction with 
the system were discussed. The issues were 
addressed and they will be solved in the future. I 
can argue that the main goal was reached but the 
system can still be improved. The main aim for 
the future is to developed system into a video 
game.  
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APPENDIX 
Questionnaire 

1. Do you think the alignment of the virtual 
and physical room is important? 

 
 
 
 
 
 
 
 
 

2. Which type of texture appears more 
realistic to you? 

 
 
 
 
 
 
 
 
 
 

3. Do you find any problems with a control 
of the projection? If yes, please explain 
how disturbing is it for you? 

 
 
 
 
 

 
4. Did scene with sounds appear more 

realistic then the one without sounds? If 
yes, can you please explain why? 

 
 
 
 
 
 
 
 
 

5. Which scene in your opinion can create 
an illusion of reality? 

 
 
 
 
 
 
 
 
 
 
 

6. Please choose minimum five words, from 
the following set of words, to describe 
the system’s design! 

( Playability, Seductivity, Anticipation, Relevance, 
Usefulness, Fluency, Autonomy, Pliability, 
Immersion,  Identity,  Actability,  Flexibility,  
Efficiency, Transparency, Elegance, Surprise ) 
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