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Abstract

3D rendering and interaction in an augmented reality
mobile system

Gabriel Tholsgdrd

Augmented Reality(AR) is a concept that is getting more and more popular, and the
number of applications using it is increasing. AR applications include several concepts
such as image recognition and camera calibration, together known as tracking, and it
also uses 2D and 3D graphics rendering. The most important and difficult part of AR
applications is the tracking, where an object not only should be recognized in many
different conditions, but it should also be determined how the object is viewed upon.
This report describes how the task given by BMW Group in Shanghai was solved,
which was to create an iPhone prototype AR application, that should be able to
recognize objects inside of a car and be able to interact with them through the mobile
phone. The report explain the implemented solution to this problem, what different
recognition methods were tested and the different ways of creating the 3D graphics
overlay that was evaluated. The AR application resulted in a functional AR application
capable of recognizing the determined objects, draw their corresponding 3D
representations and interact with them. However, the application was not complete
as camera calibration was not used and a connection between the mobile phone and
the car was never established.
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1 Introduction

Augmented Reality(AR) and image recognition are both growing concepts [1] and
several Software Development Kits(SDKs) and Frameworks are available to use for
simplified development, see [2, 3, 4, 5]. There are many image recognition methods
and much research in the field comparing between different methods describing
each benefit and drawback, see[6] for more details. There are also several different
ways of doing AR applications, a common usage is to use AR-tags/Markers [7],
which is very similar to the well known QR code. These AR-tags are often used
as markers for where and how to draw a 3D figure, which commonly is rendered
using OpenGL. Many of the AR SDKs and Frameworks are using OpenGL for
rendering 3D objects, where some even implement high level OpenGL languages
such as OpenSceneGraph (OSG)]8].

Image recognition and 3D rendering are two topics included into the concept of
AR, where image recognition in AR systems need not only to recognize objects, but
also have to determine how far away and how the object is viewed. This calculation
of determining objects position and perspective is called Camera calibration [9],
which is also an important concept within AR. Recognizing an object and do
camera calibration is what is called tracking [10] and is often mentioned when
talking about AR systems. Many SDKs and Frameworks provide tracking of only
AR-tags, but there are also those that provide more such as Natural Feature
Tracking (NFT) [10], also know as Markerless tracking [11], and Markerless 3D
tracking [12], explained more in section 1.3.

The task was to develop an AR application for a mobile device and despite
already existing SDKs and Frameworks, see [2, 3, 4, 5], a new solution was decided
to be implemented. This chapter describes what AR is, how it is used today and
in more detail the AR application to be developed. The second chapter describes
the methods and tools used to develop this AR application. The third chapter
explains how the application was implemented and the limitations. The fourth to
sixth chapter provide the result, usage and future of the application and the future
of AR technology.

1.1 Definition of Augmented Reality

AR is the concept of enhancing the real world around the user by displaying or
giving more information in what the user feels, smells, see and hear. In contrast
to virtual reality (VR) where a world is rendered that the user can enter, cutting
them off from the real world, AR takes the virtual elements and place them into
the real world giving the feeling that the virtual and the real are coexisting. In [13]
Ronald T.Azuma suggests that AR systems have to fulfill three characteristics:

1) Combines real and virtual



2) Interactive in real time
3) Registered in 3D

Combines real and virtual means that information or animations are displayed
on the same display as the user sees the real world on or through, in order to
enhance what the user can see and read out from real world objects.

Interactive in real time means that the user can interact with what ever in-
formation is displayed in the AR system, for instance a user might look at a
restaurant and is provided information about the restaurant and by clicking on
this information the user can get the phone number or might even reserve a table.

Registered in 3D means that virtual information is displayed and aligned with
the real world object.

Therefore movies do not use AR technology even though they blend real and
virtual (sometimes not distinguishable) because the virtual is not interactive. Ap-
plications using 2D overlays that can be interacted with are not always AR appli-
cations either because they are not always aligned (registered in 3D) with the real
world object.

1.2 Where can augmented reality be used

AR-technology has huge possibilities and only technology and imagination sets the
limit on what can be achieved with it. AR-technology can be used in many fields
such as: commercial, games, navigation, tourism, medicine, military, maintenance,
etc [13, 14, 15, 16, 17]. An example of where AR could be used is to be able
to decorate a room where the user is placing virtual furniture across the room,
letting the user see how it looks before actually buying. It could also let the user
virtually try on accessories or clothes from an online shop, virtually demonstrate
architecture, provide a visual manual for assembling of advanced objects or provide
a view of how a place/statue/artwork did look in the past. Another use case could
be that a user is simply looking at a product in a store, at home or online through
its AR-system and the system lets the user see prices, amount in stock and so on.
In addition, be able to compare it with other stores and products, read reviews
and much more. All this information would look like it is floating next to the
product and the user will also be able to interact with it, letting the user get more
information about some specific data displayed. As an example imagine that a
user is looking through a car magazine and see a car that is interesting and wants
to see it from all sides, the user then uses a mobile phone start an AR application
and start looking at the car through the application. The car pops up in 3D and
the user can look around both outside and inside the car, change color of both
the interior as the exterior, change rims and do other customizations. As the user



changes these options it can also be possible to see prizing and even to get in
contact with the nearest car dealer that can offer this car.

As technology improves and meta data is easier and faster to gain access to,
AR-technology will grow and applications not feasible today will be in the future.

1.3 How is augmented reality used today

Today AR is divided into two parts:
Location-Based AR and Vision-/Recognition-Based AR [7].

Location Based AR is the concept of using GPS or other instruments, external
and internal such as gyros, to determine the user’s location and rotation, in order
to determine what the user might be looking at and display relevant information.
Common use of this type of AR is to show Point Of Interest(POL:s) for the user,
for instance if the user is out traveling and want to know about the landmarks or
buildings around the user or the nearest restaurant.

Vision Based AR is about tracking objects or markers and provide additional
information. Common use of this could be to track a marker or a poster and
then display some graphical object on top of this marker or poster. For instance
a company could have a poster on their latest product and when this poster is
tracked with their application it would draw the product in 3D, letting the user
observe it from all angles, zoom in and out, change color and more.

In Vision Based AR there are three kinds of tracking types that are used in
today’s tracking [7]:

1) Marker tracking
2) Markerless tracking / Natural Feature Tracking
3) Markerless 3D tracking

Marker tracking uses markers as its tracking focus. These markers are com-
monly known as AR-tags, fig:1(a), and have a black frame of various thickness.
Inside this frame there are different kinds of information, some have pictures where
others have small black squares, as commonly seen in QR-codes, fig:1(b). The
most common is to have a marker that is only black and white, where the con-
tent /picture inside the black frame is composed of small black squares. It is even
feasible to read data from these markers, where the composition of the squares will
be some sort of message, maybe the location of the marker. The black frame is
used for camera calibration to determine in what angle the marker is viewed upon
and accurately calculate the correct perspective in which graphical content should
be drawn [7]. The marker can be used as the exact location and graphical content
will be drawn on top of it, but it can also be used only for camera calibration, i.e.



perspective calculation, allowing to draw one or multiple movable objects around
the marker in the correct perspective.

o] o
O

(a) AR Marker (b) QR Code

Figure 1: AR Marker vs QR Code

Markerless tracking, also known as Natural Feature Tracking (NFT), is
about tracking real world objects, most commonly pictures, posters and other
printed images. These markers are different from the previous mentioned mark-
ers in that that they do not need any black frame surrounding the content and
the content can be anything. However, in today’s tracking technology there are
restrictions to what the content may be in order for good tracking results. The
content cannot be too simple, otherwise other content can mistakenly be tracked
instead, therefore the content should be more complex and contain many contrast
points. The contrast points inside the content work as a map for the content, as
such the more contrast points the more points you get to determine viewing angle
and distinguish the uniqueness of the content and thus you will have better track-
ing. In this type of tracking the contrast points are used for camera calibration
[18].

Markerless 3D tracking makes it possible to track real world objects in 3D.
This technology allows for graphical content to disappear behind real objects and
further create the illusion of that the virtual is coexisting in the real. A solution
for this kind of tracking is to create a 3D map of the object, for example a 3D
map of a box and assume that the box has different textures on all sides, which
makes it possible to determine from which side the box is being observed. If it can
be determined from which side the box is being observed and from which angle,
calculations can be made to determine the positions of the other sides of the box
with the help of the 3D map. This makes it possible to create a virtual boundary of
the box, which the virtual objects drawn on the screen can hide behind [19]. This
kind of tracking uses the same technology as in NFT tracking, but also adds the
calculation of determining the 3D shape of the tracked object. This, for example,
allows for detecting a user’s face and render eyeglasses on the user, where the
spectacle frames disappear behind the user as the user turn its head.



In addition to these three tracking types there is one more concept that can
be added to all the tracking systems, that is virtual buttons [20]. Virtual but-
tons allow for the user to interact with the information given without touching
the screen. The common way of doing virtual buttons is to mark a special area
on a marker, when this special area is covered by the user, such that it cannot be
observed by the camera, an option will be triggered. This could for instance be to
change to color of the rendered object or even change the object.

Today AR is used in many different fields such as: Assembly and Construc-
tion, Maintenance and Inspection, Navigation and Path Finding, Tourism, Archi-
tecture and Archeology, Urban Modeling, Geographical Field Work, Journalism,
Entertainment, Medicine, Military Training and Combat and Personal Informa-
tion Management and Marketing [13, 21, 14, 15, 16, 17]. Applications are also
more easily created by the public through open source frameworks and libraries.

In recent years many smartphone applications have appeared that is using AR,
many of which focus on finding places and information of things that is close
to the user. There are also applications called AR-Browsers, capable of showing
more than just one layer; A layer is the concept of the overlay that a specific
augmentation is drawn upon. Many applications use only one layer and therefore
they are only capable of displaying one type of information, but AR-Browsers
have several layers and is able to alter between them letting the user get different
types of information and locations to different places in the same application. For
instance, first a user is searching for a hotels and hostels and, after finding one
and checking in, the user changes the layer in the AR-Browser to show POL:s.
AR-Browsers are also capable of combining both the Location and Vision Based
AR. An example of a AR-Browser is the smartphone application Layar[22], which
allows the user to get more information or maybe buy something that is printed
on a Layar tagged page in a magazine, search for houses for sale/popular bars
and shops/touristic information of the area, play a live game, etc. There are also
several game applications using AR, some of which are using the Location Based
AR and others using the Vision Based AR [1]. The games which use the Location
Based AR often use the inbuilt compass and gyro, in smartphones, creating a game
where the objects can appear behind the user and the user have to turn around to
be able to see the objects. The Vision Based AR games use markers, both natural
feature makers and AR-tags, as a base for a character or building.

AR-technology has also been used within medicine and in psychology, in the
treatment of phobias for spiders and cockroaches [23].
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1.4 Problem Description

The objective of this work was to design an iPhone AR application prototype for
BMW in Shanghai, China that would be able to determine what object in a car
the user is pointing the iPhone-camera at, after which relevant information should
be displayed and in some cases let the user interact with that object via the phone.

“

) Fan Intensity Driver Side ) Front Window Defrost
) Max Cooling ) Fan Intensity Passenger Side

Figure 2: The four buttons to recognize

Four buttons on the climate control were chosen to be identified first namely
Driver side fan intensity (fig:2(a)), Front window defrost (fig:2(b)), Fast Cooling
(fig:2(c)) and Passenger side fan intensity (fig:2(d)).

The task was to find a suitable way to detect one or several of these four but-
tons and create an overlay, on which 3D representations of these button would
appear as they become detected. These representations were to be placed in the
correct perspective and position, as the real buttons have been recorded, and the
user should be able to interact with these 3D buttons. The task was divided be-
tween two bachelor degree students: Gabriel Tholsgard and Staffan Reinius[6],
where Reinius was to focus on the image recognition and Tholsgard was to focus
on all issues concerning the graphical part and the interaction with it, such as
how information can be displayed quickly, accurately and clearly as well as how
interaction can be done quickly, smoothly and intuitively.
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2 Methods and Tools

When deciding how to solve the task there were several key points that had to be
considered, which is important for any AR system and especially for this one since
image recognition was to be done on a mobile phone.

1) Speed
2) Invariance and Robustness
3) Usability

This chapter describes which methods and tools were used when implementing
the application and why they were chosen. The first three sections describe the
three key points and the last two sections describe which tools were used to achieve
these points.

2.1 Speed

When dealing with a mobile phone there is the issue of limited CPU power and
smaller memory capacity. It was therefore important that the application to be
created would not require too much CPU power, draining the battery, and would
not use too much memory. Knowing that the image recognition method would
consume the most CPU power the main focus was to find a well performing method.

According to [24] the key points to having a good overlay of virtual objects
on the real world is speed and accuracy. Having a fast image recognition method
is directly going to affect the interaction, because the faster an object can be
recognized the faster its location can be updated on the screen, i.e. the smoother
the augmentation will appear for the user. Having a smooth moving process of
the 3D objects is not only going to help the overall look, but also make it easier
for the user to determine the location of the 3D objects in the next update. A fast
and responsive application was also of importance to avoid bad user experience,
where the user taps the screen and the action is performed a second or more later,
which can frustrate the user.

2.2 Invariance and Robustness

Invariance and robustness mean that the image recognition process has to be
able to handle rotation, different scales, illumination, blurriness, etc. These were
very important factors that had to be considered since the application was to
be developed for an iPhone, where the mobile phone will be held by a person
inside a car, which might be moving. Lighting conditions will vary greatly from
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daytime to nighttime, where streetlights or passing cars can illuminate the interior
while driving. Rotation and the phone shaking, i.e blurry pictures, are very likely
possibilities since the user might be in a moving car, where holding the mobile
phone steady and straight might be a hard task. Scale was also a very important
factor, since different users might be located at different positions and at different
distances from the objects that could be recognized. In addition, a shaking hand
might move the camera closer or further away from the object.

Considerations were made for the possibility that the mobile phone can be
held in both landscape and portrait orientation, concerning how it would affect
how to handle each frame for image recognition and the coordinate system for
3D rendering. Therefore a decision was made to first develop only for portrait
orientation, however, plans were made to add landscape orientation after the main
functionalities were completed.

2.3 Usability

Usability include the application having both speed and invariance and robustness,
but also involves which information to display, how it should be displayed and how
to interact with it. The main goal in making this application was to make use of
AR technology, therefore 3D objects would be the main focus of interaction. The
idea from start to end was to draw a 3D representation of the detected button or
buttons, place them accordingly to location, rotation and scale and allow the user
to interact with them, i.e. use them as actual buttons. In paper [21] recognition
of drawn 3D objects is an important condition for mobile AR systems, where it
is suggested that the drawn objects should be distinguishable from all the other
similar objects and be correctly identified. Therefore when drawing a 3D repre-
sentation of the buttons it let the user know two things. The first is that a button
have been found and secondly which button is found. In addition, by not only
placing a 3D button above the actual button, but also by using the same texture
on the 3D button as the real button, the user can easily determine which button
is which.

When drawing the buttons considerations were made that the mobile phone
will be moving around, in effect the buttons will move around on the phone display.
This can cause that the buttons are jumping, if there are slow updates, making it
harder for the user to push on a drawn 3D button. Considerations were also made
that buttons might only be recognized for a short moment before it is out of frame
or not recognized again. According to paper [25] regarding vision-based tracking
“drastic motions often lead to tracking failure and recovery is time-consuming with
a temporary loss of real-time tracking abilities.”. To avoid that the 3D buttons
would jump around and appearing and disappearing a lifetime was put on the but-
tons. This allows them to be found and drawn, then lost and found again without
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the 3D button appearing and disappearing in the same manner. In addition, every
time a button is found it will be smoothly moved to the new location, including
rotation, scale and position, instead of directly jumping to the new location. In
a later study [26] results were found, as a consequence of their study, that users
experienced discomfort when 3D targets jumped around, supporting smooth move-
ment of the 3D buttons. Furthermore, having a good alignment between the real
world object and the 3D rendered object was also of importance. According to the
paper [10] "maintaining accurate registration between real and computer generated
objects is one of the most critical requirements for creating an augmented reality.”.

Considerations were made that doing multiple interactions with an object, as
well as trying to keep it in the screen all the time, will be hard and tiring for
the user. In fact, more complex operations and interactions tend to lower user
satisfaction [25]. Therefore a solution was made to let the user aim the camera
at the objects until they are found, then let the user have the lifetime of the 3D
buttons to interact with them, even though the object is no longer recognized.
When a 3D button is pushed further interaction will be moved to a new window,
which is not connected with the image recognition process. This let the user be
in a comfortable and steady position when doing further interactions, such as
decreasing or increasing the fan speed. The same conclusion concerning freezing
the screen for further interactions has also been discussed in [27].

In a later study [28] regarding AR interfaces for children, having interfaces
that require motor skills, that is "performing movements by using muscles and the
human nervous system”, can be difficult for children. Children of age six would
typically hold the phone with two hands, which supports having a life time of the
3D buttons. This provides a child with time to interact with a 3D button, by
placing the phone in their lap before pushing the 3D button.

2.4 Image recognition using OpenCV

When choosing image recognition method the aspects in the previous sections
were discussed, such as invariance and robustness and speed, considering which
algorithm is fast enough on a mobile phone. OpenCV (Open Source Computer
Vision)[29, 30] is a library of functions for real time computer vision. It contains
many image recognition methods such as SURF, SIFT, STAR, MSER, FAST, Haar
classification and more. Out of these methods SURF and Haar classification were
chosen. The reason why these methods were chosen and the difference between
them can be read in [6].
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2.5 Augmented reality using OpenGL ES 2.0 with GLKit

Since the application was to be developed for an iPhone, OpenGL ES 2.0 was
available for rendering 3D graphics. OpenGL ES 2.0 has programmable shaders
and requires that they are loaded and programmed with GLSL. To avoid having
to write shaders iOS also provide GLKit [31], which is a framework that provides
standard implementations of shader effects and writes them automatically. GLKit
also provide easier texture loading, improved calculations and a view and view
controller for easier creation of views containing 3D graphics. Blender [32] was
used to create the 3D buttons and apply a texture on them, which allowed for a
preview and alteration of them before putting the data into the application. From
the models created in Blender [32] code could be generated for the vectors building
the geometry and for the UV coordinates, which is the coordinates of a texture
mapped to the coordinates of the geometry.
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3 Implementation

The implementation was divided in to two separate parts, the image recognition
part and the graphics rendering and interaction part. These were later connected
and created a working, but not fully optimized application. The application was
tested on both an iPhone 3GS and an iPhone 4.

The first section describes the limitations in making this application and what
the main focus was. The second section briefly goes through the image recognition
method and the third section explains the implementation of the 3D rendering.
The fourth section explains how the interaction was managed with the 3D fig-
ures and the fifth section explains how the two parts, image recognition and 3D
rendering, were connected. The sixth section describes the system design and
optimizations made in the application, making it faster and smoother.

3.1 Limitations

Countries in ECE/US can now buy BMW cars having the possibility to connect
their mobile phone to the cars head unit, sharing information between them. This
connection let the user use applications on their mobile phone directly with the cars
infotainment system, for safer interaction. Applications could be music players,
navigation and other Internet services. In the same manner as the mobile phone
can provide information the connection also allows the mobile phone to access
data from the head unit, getting information about the cars condition, speed, fuel
usage and more. This data can be used to create applications for driving statistics
or even provide challenge games, such as keeping fuel usage under a certain level
when driving. This connection is handled by a middleware called GENIVI, an
open-source development platform from GENIVI®) Alliance (Geneva In-Vehicle
Infotainment) [33]. Several automobile manufacturers use this middleware in their
cars, such as BMW Group, MG, Hyundai, Jaguar, Land Rover, Nissan, PSA
Peugeot Citroen, Renault and SAIC Motor [34]. The same feature will soon be
available in China, where many popular Chinese mobile phone applications will be
supported. However, currently there is no wireless connection between the head
unit and mobile phones.

The application to be made does not include this connection, instead focus was
on creating a functioning AR system. As such any interaction available with the
buttons are only existing for creating an example.

3.2 Image recognition method

There were two methods that were tried, SURF and Haar classification. SURF
was the first choice, but the results were not good enough. The SURF method
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was too heavy to process and was only able to handle 0.5 frames per second when
searching for only one object. The final application would search for four objects,
which would slow it down even further.

Haar classification had better performance and managed to have around 0.6fps
in average and provide an acceptable result, when searching for all four objects.
This was implemented by Staffan Reinius and can be read about in detail in his
report [6].

3.3 3D rendering

Both C++4 and Objective-C were used when implementing the application. C++
was used for creating a base class for all 3D figures, a class for each 3D figure, a
singleton for texture loading and a header containing global structs and enumera-
tors. This allowed for easy creation and deletion of each individual 3D button and
also saved lines of code. The structure of the C++ figure classes starts with the
abstract base class Figure, which have four subclasses FanSpeedLeft Button,
FanSpeedRightButton, DefrostButton and MaxCoolingButton. The four
subclasses only have one method, which takes one boolean parameter for whether
to use a texture or not. The method for each figure creates buffers for the ge-
ometry that will be drawn and set a timestamp to when the figure was created.
The method is only capable of being run once, preventing that multiple buffers are
created holding the same figure geometry without being deallocated. Figure is the
class that draws, rotates, moves and check the lifetime of the figure. In addition,
it is able to change some options of the figure that it is representing.

When one or several buttons are found in the image recognition process the
corresponding 3D figure(s) are allocated and placed into a NSDictionary, which
works as a hash table, allowing a button only to exist one time. If the button
found already exist in the NSDictionary the figure is given one more lifetime to
live. In addition, the position, scale and rotation should be updated, but was not
implemented because of lack of time, instead they were each given a fixed location.

Using the view controller, given through the GLKit framework, provided an
automatic self-adjusting updating of the drawing method, preferably aiming for a
set frame rate. In this application the frame rate was set to 30fps, since that is the
maximum frame rate that the iPhone 3GS and 4 supports. In every update of the
drawing method the lifetime of all the figures in the NSDictionary are checked.
If they are still alive they are drawn again, if not they are removed from the
NSDictionary. Before each button is drawn a check is made, to see if they are
using a texture and if that texture is loaded. If they are using a texture and it is
not loaded, the singleton class is used to load the texture. If they are not using a
texture, they are drawn in their unique base color. The singleton class loads only
one texture, one time, during its lifetime, since all the 3D buttons use the same
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texture, but different parts of it. This mean a texture only need to be loaded once
for all the buttons, but also that it is only loaded if it is going to be used. Doing
this saves memory and boot time, especially when considering that the buttons
could have one texture each.

3.4 Interaction

When a button is detected the 3D representation of that button is drawn on the
screen, see fig:3(a), the user is then able to interact with that 3D figure. The 3D
figures work as buttons, with a simple tap on one of them the view will switch
to the corresponding button’s option view, see fig:3(b). In this view the user can
change what options are available or maybe just get more detailed information
about what the button does.

The lifetime of a 3D button is set to three seconds and every time the button
is recognized the timer is reset, which allow the user to easier push the 3D button
once it is found. When the user pushes the screen a color picking algorithm is
used, to determine if and which button have been pushed. Every 3D figure has
its own unique color, which allow to distinguish which of the buttons have been
pushed. When the screen is pushed there is a render of the found buttons in their
unique color, instead of using their texture. The rendering buffer is recorded to
an image, instead of being displayed on the screen. The color picking algorithm
extract the color information from the pixel in the image, corresponding to the
location on the screen where the user tapped. With the color information of the
pixel the application can determine if a button has been pushed and which.

As mentioned, when the screen is pushed there is a rendering to an image
instead of being displayed on the screen. If the screen is pushed several times in a
row there would be multiple renderings that would not be displayed on the screen,
as such the 3D figures location would not change. How this was optimized can be
read about in section 3.6.
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The max cooling button is used for
when in need of a quick cooling.
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(a) Recognizing a button (b) Option screen for a button

Figure 3: Recognition and interaction

3.5 Overlay

Before implementing the 3D graphics overlay there were three different ways that
were considered. The first alternative was to use a complete 3D view, that create
a texture from each frame recorded by the camera. This texture would be used as
the background in the 3D environment, where the 3D figures would be drawn in
front of it. This method might be slow and could create synchronization errors,
concerning the update rate of what is recorded and displayed. The second option
is to have a main view with a transparent sub view, which is also the option used
in this implementation. The playback of the camera is displayed on the main
view and the 3D rendering in the sub view, creating the illusion of virtual and
real objects coexisting. Because the sub view is transparent the camera playback
in the main view will always be visible, but having a transparent sub view can
slow down the performance of the application. Another drawback with having two
views is that they have different updates rates. The main view updates as soon
as it gets a new frame from the camera, while the sub view updates as soon as it
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can draw again. If the sub view would have heavy 3D rendering it would have a
different update rate then that from the main view, as such it requires two view
controllers. However, having two view controllers is not recommended, instead it is
better to have one controller controlling both views. In the current solution there
is one view controller, controlling both views, because the 3D rendering is simple
enough that the update rate between the main view and sub view is practically
the same. The third option is to use layers inside the main view, which was the
option considered to have been the best. Views in iOS offers the possibility of
layers, where in fact the camera playback is displayed in a layer in the main view
of the current implementation. It is possible to have a layer that can be used
for 3D rendering and as such there could be two layers, the first for the camera
playback and the second for the 3D rendering and interaction. This would solve
the view controller issue, because the refresh rate is dependent on both the layers
to finish, but it could also slow down the refresh rate of the camera playback if
the 3D rendering is heavy.

3.6 System Design and Optimization

Since the image recognition is demanding and have quite low frame rate it would
greatly affect the frame rate of the camera playback and the 3D drawing, which
would result in a very jumpy animation and camera playback. To resolve this
problem two threads were created, the main thread and the image process thread.
The camera playback and 3D rendering is residing in the main thread, updating
as often as determined by the GLKit view controller, i.e. preferably 30fps. The
second thread takes the frame, that at that moment is captured by the camera,
and analyses it using the image recognition method, to find any of the objects
it should recognize. If it found a button it dispatches to the main thread which
button was found, where the 3D figure of that button is allocated and placed it into
the NSDictionary. This allow to have a smooth playback and smooth animations,
while doing image recognition and heavy calculations in the background. One
more thread was also created, the touch thread, for handling the interaction with
the 3D buttons. The interaction require some calculations, which can slow down
the animations if the screen is tapped many times in a row, but by using a thread
the application allow for a render to happen in between handling a touch. The
system design can be viewed in fig:4.
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4 Result

This section goes through the result concerning the overlay and interaction as well
the result of the overall application.

4.1 Overlay and interaction

The overlay and interaction in the application are both working, even though they
both need optimization and improvements. The overlay, as seen in fig:3(a), shows
the rendering of a button, but where the button is looking strange. The reason
for this is most likely in effect of the normal of some of the faces are not pointing
outward. Possibly it can also be a problem with the culling, where all the faces
may not be drawn counter clock wise, therefore having their face down, i.e. not
visible for the user. This is a simple fix and most likely just requires a new code
generation from Blender [32] to fix the normal issue, which in turn can be hard
coded into the application.

Considering interaction it is easy for a user to see that a button has been
found and also which button, since a 3D representation of that button will appear
on the screen on top of the actual button. The 3D button has the same motive
drawn on it as the real button, which makes it easy for the user to know which
button has been found. As the camera moves around, still recognizing a button,
the position of where the 3D button should position itself should also change and
rotate into the right perspective, but this is not implemented in the application.
The application can provide data of location in X and Y coordinates, to use for
placing the 3D button on top of the button, but does not provide enough data to
calculate scale and rotation of the recognized object. An easy solution would be to
provide a fixed Z position and not have a rotation on the figures, but that would
greatly decrease the experience of blending the real and the virtual.

Since the user will be sitting in a car and the roads are not as smooth as
preferred, there will be shaking and moving of the mobile phone whether the user
wants it or not. Therefore, having a lifetime on the 3D buttons is a very important
factor. The lifetime allows for the users to recognize an object and move the phone
to a better stable position, where they can closer analyze which button is found
and push it if they so desire. The interaction will then be moved to a new view,
where the users still in a stable position, are able to interact with the options
available to them. The interaction in this application has many good attributes,
that may prove very useful for the use cases that may be encountered when testing
this application in real conditions, but real scenario testing was never performed.
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4.2 OQverall

The application is working, but is in need of optimization and additions. The
application can recognize the designated objects, but it recognize some better
than others. Because of the similarity between the driver side, see fig:2(a), and
passenger side fan intensity, see fig:2(d), it can mix them up. In addition, because
of the simplicity of the content on the buttons there sometimes happened a so called
"false positive”, where it thinks something else is the object. This happened often
when recording over a computer keyboard having black keys and white text, the
same attributes as the buttons it should recognize inside the car.

The application do not take use of any camera calibration, instead each 3D
button have a fixed location. Although, X and Y coordinates for a found object
are provided, from which simple calculations can be made for placing each 3D
object over its corresponding real object.

The application provide a basis for developing and improving a better well per-
forming application and with small fixes the application can be improved greatly.
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5 Discussion

This application has been a prototype to explore the concept of an AR application
on a mobile device. The application identify objects inside a car with an image
recognition method and draw them on top of the screen. The application recognizes
four buttons that are located conveniently in the front panel, in close range for
both the driver and front passenger. Therefore this application is more useful for
the passengers in the backseat, but from there the buttons appear tiny and would
be hard to recognize individually for the mobile phone. A better use case would
be to recognize the whole climate control panel, which would be a much bigger
object to recognize, making the application less prone to false positives due to a
more complex object to detect. Another possibility for this kind of application
would be to have an AR application as a diagnostics tool, where information and
status would pop up as the different objects are recorded. It could create a cool
effect when recording the car from the outside, seeing the status and information
of the car. However, this could seem tedious for a user, having to record an object
in order to get information about it, where a traditional Ul system would work
just as well if not faster.

There are several ways to create the graphical representation of the buttons
that can been found, having a 3D-representation is just one of them. It would
be possible to dim all the screen, except those areas where there are buttons that
are found. This would clearly identify which button have been found. However, it
could be difficult for a user to see the brighter area when the area recorded is dark
in general, for instance recording in a low light environment, or when the screen
have a strong light source, for instance the sun, shining on the screen, making
it hard to see anything. A perhaps faster variation would be to only check for a
button, that the user is able to interact with, when the user pushes the screen. This
could both save CPU power and battery consumption, but there are disadvantages
to this approach. The first and biggest is that there is no confirmation for the user
which button can be interacted with. Consider a user trying to interact with a
button, without knowing if it can be interacted with, and the button would not
be found a that time because of difficult lightning conditions, blurriness or some
other distortion. Even though the user could interact with it, there is nothing
that can tell the user to try again. The second, possible, disadvantage is that
the application would no longer be an AR application. Even if reality would be
blended with the virtual and have real time interaction, there would not be a 3D
registration, see 1.1. This however could be fixed by once a button have been
pushed and found, to start the process of finding that button continuously until it
is lost or closed, letting its information be displayed over or around it. Interaction
with the button could though be more difficult for the user to handle, since the
button would be moving around on the screen if the user is not able to hold the
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phone still. Therefore it is better to have a GUI that is static when interaction is
to be done, for a more comfortable and easier interaction.

The solution implemented solve many of the issues mentioned above. It makes
it easy for a user to see and get notified about which and if a button is able to
be interacted with. It also makes it easier to see that a button have been found,
even if recording a dark area in low lighting environment or in very bright light
conditions, where reflected light makes it hard to see the screen. However, 3D
registration is missing in the solution, had it been implemented in the application
it would have made it a pure AR application. A disadvantage with the solution is
that drawing 3D objects, especially if there are several objects to be drawn, can
slow down the application further because of their complexity and the depth test
check, i.e covering objects.

A further optimization of the application could be to change the check of which
button have been pressed. In the current solution this check is handled by a color
picking algorithm. There are other possible solutions that might work better and
faster, such as checking which object intersect the line going straight in, origin
from where the user pushed. However, this would require a transformation from
screen coordinates to graphical coordinates, a calculation of intersection and order
of the object, if two or more intersects. No further investigation was put in this
area and no other method was used during implementation and testing.
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6 Future / Further Work

6.1 Expansion

The application need several updates, where one of the more complex and impor-
tant for the AR experience is the camera calibration. Camera calibration is the
concept of recognizing an object and determining how far away it is and in what
angle it is viewed from. It is necessary in order to draw 3D graphics in the correct
scale and perspective. There are many papers concerning this topic and there are
several ways in how calibration of the camera can be achieved. In [11] they discuss
about finding planar structures in the scene, using them to calculate the position
and perspective of the camera. Camera calibration in this case is harder to ac-
complish because it is using a markerless tracking technique, where the objects
have no clear edges and do not contain many contrast points as previously men-
tioned in section 1.3. A better solution could be to use AR-tags, these are often
easier to track and do camera calibration from. In addition SDKs can be used,
which is designed to track AR-tags such as ARToolKit[2] or NyARToolKit[3].
To avoid having AR-tags all over the car these could be hidden in the interior,
when the application is started on the mobile phone these hidden markers light
up and reveals the AR-tags. This would be a low intensity white light such that
contours are easily distinguishable. If markerless tracking should still be used it
could be possible to check SDKs and Frameworks that have this kind of tracking
and camera calibration, where options could be the Mobile SDK[4] from Metaio
or the Vuforia SDK][5] from Qualcomm.

6.2 Future of AR applications in cars

In the future it might be possible to have windshields that are able to be interacted
with, for instance showing information about the landmarks that the passenger
see outside its side window. The front windshield could be used to indicate and
determine objects in front of the car, what it is and where it is heading. It could
also be used as a HUD, where speed, RPM and all the other common measurements
can be displayed, or as a navigation GPS, where arrows appear on the road showing
the driver where to go next.
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7 Conclusion

The final application is a working AR application, even though it do not fully
meet all the requirements for an AR application. It do not register the drawn 3D
objects in 3D, it simply draws them in specified locations to indicate that it has
been found. Although doing a simple XY coordinate registration is not far from
being implemented and can easily be done in its current state. The goal was to
make a fast and lightweight application that was user friendly and robust, but
the method chosen for image recognition (Haar Classification) was slower than
expected. In addition, it also found false positives when recording, for instance a
computer keyboard with white text and black background. To avoid false positives
it would have been better to have chosen a larger object to recognize in the car.

The final application was able to run in around 0.6fps per second when search-
ing for all four buttons, but it was still faster than the SURF method, which could
perform 0.5fps when searching for one object. The low frame rate in finding ob-
jects made it more important to have a user friendly interface, where movement of
the found and drawn 3D objects had to be smooth and not jumpy, as finding the
objects could be. Movement of the drawn 3D objects were never implemented, but
it was considered and planned for. Several ideas concerning user interaction was
considered for user friendliness, where the final approach have several advantages
concerning user feedback and comfortableness during interaction. The application
draws the recognized button(s) in 3D on top of the camera video playback. Each
3D button use the same texture as the real button, allowing the user to easier
distinguish which button is recognized. In addition, to make the interaction of
pushing the 3D buttons easier, each 3D button have a timer. The timer allows
for an object to be lost and found again, without the object disappearing in be-
tween. This solves the use case of sudden bumps in the road, which would make
the recognized object be lost in the image recognition. The timer also allow for the
application to recognize a button, where within three seconds the user can move
the phone to a more stable position before pushing the drawn button. To further
stabilize the interaction a new window, not dependent of the image recognition, is
opened when a 3D button have been pushed. In this window further interaction
can take place and information can be displayed, with greater comfort for the user.

To make sure that the application was responsive and smooth threads were used
to handle more time consuming actions, such as the image recognition and user
interaction. When a user tap the screen a color-picking algorithm determines if a
button have been pushed and if so which. If a button was pushed the application
switches to the appropriate window for that button, otherwise the push is ignored.
The color-picking algorithm is handled in a separate thread so that the video
playback and 3D rendering still continues smoothly, even if the user pushes the
screen several times.
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When creating the application a closer communication between the two parts
of the task, image recognition and 3D drawing with interaction, could have been
better and could have avoided the ad-hoc implementation, when connecting the
two parts. For instance the application could have included some of the missing
parts and have avoided the 3D rendering distortions in the final application.

In conclusion, making an AR application using image recognition is possible.
Though features are missing in the final application, several of them are not hard
to add and would not slow down the overall performance. In addition, using other
image recognition techniques or other targets, such as AR-tags, can speed up the
application further.
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