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Abstract

The development of dynamic and user-friendly embedded platforms
for game rooms requires resource efficient software that successfully
delivers a satisfying experience. Noran AB wants to make it inclu-
sive and handicap-oriented. Augmented reality integrated with image
recognition powered by OpenCV offers a plausible solution, where a
virtual robot can be controlled through head movements. A functional
prototype is developed and experiments with users are forwarded and
documented. The focus of this work is to identify and evaluate crite-
ria to manipulate the performance of the image processing algorithm
for feature detection. This has been established knowing that an indi-
vidual image is usually scanned by a relatively small filter. Reducing
the image size would therefore reduce the area to scan. The time the
algorithm would take to go through the whole matrix of pixels would
be directly reduced. From user input, the sequence of images has been
shrunk from 307 200 down to 117 pixels going through 10 intermedi-
ate steps, the average time to detect a face for a specific frame size is
registered. A correlation between the size and the time to detect the
face should be found. This is compared with the detection rate of each
frame size, which confirms if in this case the algorithm was success-
fully executed with respect to the original resolution. Detection per-
formance can, therefore, be improved by achieving a higher detection
speed with no hardware enhancements. The experience is also ana-
lyzed through feedback and behavior of the user, both collected or ob-
served during the experiments. Results lead to finding a lower image
size that still satisfies the same detection rate as the original resolution
and to figure out how the interface can be further improved.
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Sammanfattning

Utvecklingen av dynamiska och användarvänliga plattformar för fy-
siska spelrum kräver programvara som ger en stabil och bra upplevel-
se. Noran AB vill erbjuda handikappanpassade funktioner med hjälp
av integrerad bildigenkänning som drivs av OpenCV. Systemet visar
en virtuell robot kan styras genom huvudrörelser. En funktionell pro-
totyp utvecklas och experiment med användare genomförs och doku-
menteras. Inriktningen för detta arbete är att identifiera och utvärdera
kriterier för att manipulera bildhanteringsalgoritmens prestanda för
funktionsdetektering. Det har fastställts att en enskild digital bild van-
ligtvis skannas av ett relativt litet filter. Att minska bildstorleken skulle
därför också minska området att skanna. Den tid som algoritmen skul-
le ta för att gå igenom hela matrixen av pixlar skulle minskas direkt.
Från användarinmatning har sekvensen av bilder krympt från 307 200
ner till 117 pixlar genom 10 mellansteg, den genomsnittliga tiden för
att upptäcka ett ansikte för en viss bildstorlek registreras. En korrela-
tion mellan storlek och tid för att upptäcka ansiktet bör hittas. Detta
jämförs med detekteringsgraden för varje ramstorlek, vilket bekräf-
tar om i detta fall exekveringen av algoritmen utfördes med avseen-
de på originalupplösning. Detekteringsprestanda kan därför förbätt-
ras genom att uppnå en högre detekteringshastighet utan några hård-
varuförbättringar. Erfarenheten analyseras också genom användarens
feedback och beteende, båda samlade eller observerade under experi-
menten. Resultat leder till att hitta en lägre bildstorlek som fortfarande
uppfyller samma detekteringsnivå som den ursprungliga upplösning-
en och för att se hur gränssnittet kan förbättras ytterligare.
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Chapter 1

Introduction

Game room concept has been there since ancient times as for example
escape rooms that were built in royal castles as labyrinths[3]. As of
today, recent implementations have demonstrated to be successful and
highly profitable [35].

Providing an enhanced user experience with augmented reality
(AR) can make a game room more inclusive and increase its profit.
This technology has found a space in consumer electronics and au-
tomation industry as it grows in content as an independent or comple-
mentary research field [21]. The increasing market share of this tech-
nology [37] is slowly stimulating the introduction of intuitive tools for
the development and deployment of applications.

So if we consider the integration of an image processing interface
with AR, a new world of possibilities appears for the sake of inno-
vation. This work is a first step to gathering and integrating tools,
libraries and concepts towards this goal. At the same time, offering
a comfortable user experience needs to be boosted by powerful soft-
ware resources for image recognition and requires high quality dis-
playing capabilities along with a user-friendly interface. Especially if
it is based on an embedded solution.

Image processing development relies on OpenCV, a C/C++ high
performance library aimed for real-time applications and able to per-
form multi-core processing [33]. Feature detection can be accomplished
for the detection of human faces or eyes. The principles and concepts
behind are explained in this report and its implementation is also doc-
umented.

Providing AR with an interface can be understood from different
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2 CHAPTER 1. INTRODUCTION

perspectives depending on if it is observed from the user side, the
technology or the product. This work focuses on the development,
performance analysis and usability examination of a conceptual pro-
totype. For the interface, the effect of the image size on the time to
process an image is especially studied. Initially, the concept is aided
for the implementation of inclusive game rooms, but it is susceptible
to be introduced in health, industry, training, etc.

In the following sections of this chapter, the research problem is
exposed along with the principles and theory that support it. The ex-
perimental methodology is documented in chapter two. Quantitative
and qualitative results are gathered in chapter three whereas chapter
four shows conclusions and future work.
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1.1 Rationale

Upgrading the concept behind game rooms increases the chance to get
more customers. The classic approach relies on creative stories and
puzzles that show the way either until the time is out or the last door
has been unblocked. Technology allows more complex routines and
opens a wide spectrum of creativity. Making it more inclusive will
also attract more customers.

Despite the promising profit under a straightforward game room
implementation, fierce competition and quick spread has demanded
new ideas at the shortest. This requires intensive technology introduc-
tion that boosts creativity for the sake of innovation.

Sensors and actuators interacting with a technical environment can
provide an evolving and interactive user experience. Hence, more po-
tential customers are attracted to the surrounding local shops or shop-
ping mall where the room is located.

A set of rooms can be placed to create a game center. These are
evenly distributed according to individual space requirements of each
workflow. This work is an augmented reality environment provided
with an image processing user interface and is part of an individual
room.

Specifications of the game room remain just as an abstract upper
set of this work so we can narrow down to a precise description of this
master thesis: the functional prototype of an embedded platform. A
virtual robot that interacts with three different target pieces works as
visual aid to indicate how the user should move about. Each prede-
fined trajectory such a circle or square is traced by a long cylindrical
tool attached to the robot as in Figure 2.3.

Using gesture detection would allow people with reduced mobil-
ity in all four limbs (or paraplegics) [45] to use it. Nevertheless, ex-
periments here forwarded consider fully capable users. Technical im-
provements in the future would also need more specific experimental
users.

Gesture detection processes an image and delivers simple com-
mands to an AR platform. At the broadest extent, Image processing
considers the extraction of information through the repetitive scan of
a region across the image in the search for useful information, which
suggests that the image size directly influences the execution speed.
Therefore, the narrowest variable to observe is the image resolution.
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A lower threshold that successfully allows a smooth interaction needs
to be found. Additional details related to product development, in-
dustrial design and human-machine interaction design are also com-
plementary analyzed.

Developing a proper embedded platform is the goal in the long
term and beyond the scope of this work. It is expected to open new
possibilities for inclusive technology that contributes to building an
egalitarian society especially for disable people.

At the end of this report, the reader should have an idea of the im-
age processing algorithm for feature detection, whereas the methodol-
ogy and results are exposed in order to answer the question: What is a
rough approach to the lowest acceptable input image resolution that
allows gesture detection while offering a comfortable gaming expe-
rience to the user? Concepts related to robotics are barely introduced.
Experiments forwarded with the functional prototype here developed
will lead to a specific answer.

Two cameras, one integrated to the laptop and one external USB
device, are obvious components with no specific selection criterion.
AR environment and the image processing for gesture detection are
open to different possibilities.

AR is not completely new and counts on high level tools that pro-
vide many possibilities and options supported by a classic end-user
interface with proper menus and options to deploy a game concept.
This leaves the hard-code to a back-end support written either in C#
or JavaScript, at least for the specific tool used in this work.

But augmented reality is not only about a specific platform. The
core of its development requires libraries such as ARKit, ARCore or
Vuforia [2]. These are additional packages that may complement the
SDK that is specially written for target platforms such as Android,
Windows, MacOS, etc. We count on Windows 8.1 and a processor Intel
Core i7-4700HQ CPU running at 2.40GHz x 8. This is enough for this
initial stage.

There are different game engines like Unity, UnrealEngine or Cry-
Engine [14]. Unity and UnrealEngine are the most popular and most
promising candidates for this work. Back-end development is made
on C# or JavaScript, UnrealEngine counts on C++. The front-end sup-
port for CAD pieces is not a restrictive criterion: the robot model is
directly downloaded from the official website of the manufacturer and
can be converted into the required input format right before it is im-
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ported into the development environment. Both game engines deploy
software for Windows 8.1 OS.

OpenCV library is standard for image processing. It is open source
and comes with sample algorithms and tested databases for feature
detection. Either eye or face tracking can be used as a good approach
to find a concrete solution. By understanding human intention, an
interface can be achieved to obtain specific user commands.

User engagement is part of gamification and can help to provide a
neat platform for humans. This helps to design interaction rules. Dif-
ferent factors and criteria can be established for the whole workflow
of this interface.

Figure 1.1 unveils the modules that will individually contribute to
the functional prototype. Gesture detection is the integrated camera
that will provide the input to the feature detection algorithm when
the user enables it in order to interact according to the rules specified
by the user interface. Augmented reality is a robot model that moves
according to its inverse kinematics when a command has arrived from
gesture recognition module.

Figure 1.1: General system configuration of the functional prototype.
The user interacts through the integrated camera according to the rules
defined by the graphic user interface, the image goes through the fea-
ture detection function. This is the gesture recognition stage and pro-
duces a command that will finally show a reaction on AR engine.

A virtual robot with an elongated cylindrical tool and simple guide
shapes provide a good feeling while the user is interacting with the
gesture recognition system. Inverse kinematics and specific robotics
concepts are also introduced as complementary topics.

Bringing feature detection and augmented reality to a common en-
vironment will eventually require to identify minimal hardware spec-
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ifications, an operating system and software tasks. This work is there-
fore the start point that leads to a single deliverable hardware unit in
the long term, which remains as future work.

1.2 Theoretical Background

Escape rooms appeared as a concept for the first time in Greek mythol-
ogy when the King Inos enclosed the Minotaur, developing into the
construction of labyrinths in different cultures that initially were built
up in royal castles as entertainment [3]. Nowadays, this can be seen as
escape rooms that began spreading since the first modern implemen-
tation attributed to Takao in Japan in 2007 [26]. It has demonstrated to
be a highly profitable idea at the dawn of its implementation, when 7
000 USD initial investment turned over into 300 000 USD the first year,
but only during the early introduction into the market [35].

When it comes to game rooms, offering unique user experiences
based on technical environments will eventually increase the chance to
keep a dominant position on the market. The principles and concepts
required to understand and build a functional concept of the proposed
platform are shown in this section.

1.2.1 Gesture (Eye-Face) Detection

Both eyes and face detection can be achieved with the OpenCV library
for feature detection. Haar-Cascade algorithm is the mathematical
concept that supports it. But before, context and antecedents for this
implementation can be given through studying the state of the art.

Eye and face detection have been previously integrated into end-
consumer products. For instance, a smartphone provided by a hands-
free interface that uses the integrated camera, allows the user to go
through the pages while reading [6]. In general purpose interfaces,
instead, the user has to keep the head on a fixed position [27].

Eye tracking technology can also be found in medicine, as an ex-
perimental interface for handicap children, which assists them with
basic tasks [12]. Additionally, a responsive off-the-shelf device inter-
faces the user gaze, that even if it offers good tracking capabilities, at
first glance, this would need to be hacked to get the pure output in
case we want to apply it in this work[40].
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During 2017, eye tracking solutions that are "acceptable for disabil-
ity and specialized research" appeared [17]. Out of this, performance
metrics can be utilized to evaluate eye tracking systems and see its
quality according to the following criteria:

• Eye detection accuracy

• Gaze prediction accuracy & precision

• Freedom of head movement

• Accommodation of human eye variability

• Glasses and contacts

• Tolerance to ambient IR

• Ease of calibration

• Safety (maximum permissible exposure)

• Speed

• Size, weight, power and cost

Introducing eye tracking into AR has already left some experiences,
too. Physiological measurements such gaze events can be used to de-
tect user’s attention, or 3D space-gaze can be used to know if someone
is reading a text or viewing an image. From this use cases, some best
practices for gaze interaction might be useful for this work [41].

+ Using gaze as preselection and not direct selection

+ Use two-stage confirmation in case of hands free interfaces

+ Use attention to support user in current task

- Never glue an object to user’s gaze

- Never have any action directly linked to user’s gaze

- Don’t force unnatural gaze patterns on a user
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Eye and face detection are both possible options to acknowledge
gestures. The laptop as development machine constrains the proto-
type to be a stationary device. Otherwise, industrial or product design
would be required. Eye detection can be made even under this con-
ditions but getting a command from it becomes challenging if com-
pared with face detection. Precise eye (or even gaze) tracking usually
requires a head mounted device. Hence, face detection is the most
feasible option to go for.

Face detection has been strongly tied to face recognition. Neverthe-
less they are separated by the problem they independently approach.
Where is the face? refers to detection and Who’s face is this? refers to
recognition.

The first automated face recognition system was developed by Takeo
Kanade in 1973 [38]. Also, the work by Sirovich and Kirby on a low
dimensional face representation assigned a vector to each face based
on assigned positions over the vertically symmetrical axis and a line
connecting the eyes [22].

Turk and Pentland’s work on Eigenface finds the face assuming
principles such the smallest blob of the body [43], which doesn’t ran-
domly move. However, reflectivity on the face has required some im-
provements as given by Fischerfaces’ recognition under variant light-
ning conditions assuming the face is already provided [1] as well as in
Yang’s work [49].

Besides being a preprocessor for face recognition, face detection
applications includes biometry, videoconferencing, indexing of video
and image databases and intelligent human-computer interfaces [19].
It can also be found in multimedia management and surveillance [25].

Another application worth mentioning is a real-time face detection
for kiosk interfaces [28]. Or the embedded face recognition generic
interface [5] demo. Or an interface aided for games aware of AR ap-
plications [24].

Face detection requires sometimes a fixed background, assuming
that the objective is always moving and detect what are the moving
pixels within the image or detecting faces by matching with a prede-
fined color. All of them are useful methods for specific situations but
not error prone under general cases where light variations might incur,
different skin colors or a simple background is not provided, which is
open for non-predictable scenes. For that, an intensive search across
pixels is required and has also been implemented in different man-
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ners.
Image processing for shape detection developed in Noran AB was

used as an attempt to achieve eye movement acknowledgment. De-
tecting changes on color intensity distribution while moving the pupil
would provide an idea of the eye position to figure out a user inten-
tion. A first attempt allowed to reflect pupil movements on changes in
the histogram. It had an unstable output and was not differentiating
symmetrical eye positions. It would eventually require to have a head
mounted device, too. This principle has been discarded given the poor
performance and the complexity of the signal processing that would
be required in order to acknowledge a command out of the histogram
form.

The literature review has led to AdaBoost-based detection methods
as the most reliable in terms of detection accuracy and speed. The gen-
eral detection workflow is mainly based on a face/non-face scanning
procedure that is realized by a sub window of different sizes across the
detection area. A model based approach has also been found along
with Weak Haar-Cascade classifiers and HOG and deep learning [13].

Adaboost considers also the best mix of weak classifiers weighted
by the most accurate coefficients. Performance is measured according
to the correct detection rate ( 1- miss rate) and the false alarm rate.
On its side, the Haar-AdaBoost detection algorithm has demonstrated
to be effective and efficient, too [25]. Real-time feature detection pro-
vided by the AdaBoost cascade classifier [46] provides the theoretical
foundations for the OpenCV implementation in C++.

The Haar-Cascade algorithm for face detection

The Haar-Cascade detection is based on the work by Paul Viola [46]
and improved by Rainer Lienhart. Its contributions to feature recog-
nition yielded on the Boosted Haar-Cascade Algorithm. OpenCV li-
brary for image processing provides reliable databases and feature de-
tection functions. It provides a sample implementation of the Haar-
Cascade algorithm for feature detection and pretrained databases as
result of previous work or sample code.

Cascade refers to the scanning method [4]. An area of changing size
is used to compare same-size regions across the image. Upon negative
results the region is ignored, otherwise more specific and potential fea-
tures are explored in further steps until negative detection results or a



10 CHAPTER 1. INTRODUCTION

positive detection is finally achieved.
A boosted algorithm means that the decision on determining a de-

tected feature does not uniquely rely on a very specific highly-effective
criterion, instead it is based on relatively weak selectors, which are
barely better than a 50% probability criterion. Five different criteria
are hereby available: Discrete Adaboost, Real Adaboost, Gentle Ad-
aboost and Logitboost.

A decision is made out of the result of applying the Haar features
detector on the so-called scanning region. These are specific shapes
that have been previously associated with particular characteristics of
the figure to be identified. Figure 1.2 represents the overall features set
established during training and freely searched during detection.

Figure 1.2: Haar-Cascade features utilized in the OpenCV training al-
gorithm. The scan region goes all the way through the image freely
applying each one of these filters.

The algorithm also extracts the integral of the image in order to
improve the detection speed. This is defined as the sum of the previous
x and y pixels for a specific (x,y) coordinate. Equation 1.1 defines the
corresponding mathematical description [4].

sum(X, Y ) =
∑

x<X,y<Y

image(x, y) (1.1)

Training requires a huge amount of face images, which are set up
with specific markers from Figure 1.2. These feature elements are placed
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on the image as indicated in Figure 1.3. Features are strategically lo-
cated taking into account that they represent a simple version of the
balance of color intensity in that given region.

After assigning proper features to sensitive areas of the positive
images, follows a selection of random negative non-face images. The
database is created according to this set of images. This work directly
relies on a pretrained database provided with the OpenCV samples.

Figure 1.3: Setting up Haar like features on positive face images. Fea-
tures are strategically placed taking into account the distribution of
color intensity where the filter is placed.

Proper detection typically starts as wide search with initial scan
size of 20x20 pixels. This "window" is resized for every scanning pe-
riod to allow different size faces to be detected. The detection method-
ology is executed according to the cascade procedure until a safe guess
about an identifiable face is done. This means the process is hierarchi-
cally done until the last and deepest set of features has been identified
on the picture for those regions where there might still be a picture.

Input frames are scanned in real time. It returns the pixel position
that corresponds to the center of the detected Haar features. Figure 1.4
shows the output of the Haar-Cascade algorithm for feature detection,
eyes and face are shown. Position is returned as a pixel coordinate
in the processed image and pointed out by a circle or square. Section
2.1.2 documents the related development process.
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Figure 1.4: Output of the Haar-Cascade algorithm for feature detec-
tion. Detected face and eyes are indicated.

1.2.2 Augmented Reality

Augmented reality is the overlapping of digital data on the real world
[34]. As an idea, it has appeared since around a century in the 1901
Frank Baum’s book The Master Key: An Electrical Fairy Tale. Where
glasses were described capable to show the hidden personality of char-
acters. Furthermore, the magic trick known as Pepper’s Ghost is also
recognized as a precedent for virtual reality where the public was given
the visual idea of having a ghost standing on stage. A more concrete
definition applied to this work is: the introduction and mix of a vir-
tual robot within the surrounding environment.

Augmented reality has been slowly developed from the beginning
of past century and boosted by its introduction on airplanes and heli-
copters, teleprompter and forecasting applications. The 90’s brought
along a turn around its application field and opened the way to new
ideas in entertainment and broadcasting. In recent years, Qualcomm
introduced AR assets such Vuforia. Furthermore, Google glass, in
2010, HoloLens 2015, and Pokémon GO 2016 have slowly been writing
its own pages of history about this concept.

There are still applications where some potential might be yet to
be developed. However, most of them can be found as HMD (head-
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mounted display) or HUD (head-up display). Most typical applica-
tions show up as solution for entertainment, medicine, training and
education.

Despite the convenience of using UnrealEngine for making it com-
patible with the C++ image processing code, Unity (2017.3.0f1) plat-
form [44] for AR capabilities with Vuforia has been the election to go
for, based only on the developer skills. Signing up with a student ac-
count enables the use of markers. A marker is assigned for each CAD
element displayed and a virtual AR camera object represents the real
camera on the scene. For every execution cycle, the movement of the
virtual robot is set by the inverse kinematics implemented in C# code.
Section 2.1.1 is dedicated to its development.

1.2.3 Robotics

Effective industrial robots appeared during the sixties. So the idea to
replace human-made repetitive tasks for mechanical work came up.
An increasingly expensive handwork also made necessary the intro-
duction of automated production into the industry [8].

In theory, a robot needs to be described in mathematical terms in
order to properly handle its joints and move the attached tool as de-
sired. According to Craig, the geometry and disposition of each robot
joint can be completely described in terms of Denavyt Hartemberg pa-
rameters. The configuration of the robot can be therefore synthesized
in transform matrices, which can be calculated based on a general ma-
trix filled with the given parameters. After combining the matrices of
each joint, a general matrix is obtained to calculate the position and ro-
tation of the tool out of the configuration of each rotation component
of the robot. This is known as direct kinematics.

Inverse kinematics can be obtained through the inverse of direct
kinematic matrices. This way, for every point inside the reachable
workspace of the robot corresponds at least a set of angular coordi-
nates [8]. Source code implementation of inverse kinematics that fits
the configuration of our robot is taken from Trufiadok’s work [42],
which is at the same time based on Meuse’s work on Robotics for aug-
mented reality in Unity [30] .

This work makes use of the CAD model of the ABB IRB120 indus-
trial robot. An elongated cylindrical tool is attached to the end link
and coordinately moves along with all robot links. Inverse kinemat-
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ics of Trufiadok’s work rules the movement by calculating the joints
rotation out of the desired target position and orientation of the tool.
Again, the calculation is completely based on Trufiadok’s work except
for bare modifications specific to the home position, configuration and
dimensions of the robot.

1.2.4 Gamification

Creating user engagement requires to create "emotional, cognitive, and
behavioral experience of a user with a technological resource that ex-
ists, at any point in time and over time" [23]. Offering a novel experi-
ence may result in a "committed, satisfied, loyal client who will refer
others" to the AR experience [11]. In order to achieve this, following
factors are desirable for a game to be considered just good: continuous
challenge, interesting storyline, flexibility, immediate or useful reward
and combining useful realism [48].

Gamification as a way to get user engagement has been imple-
mented by S&H stamps [9]. 2002 the first attempt to develop friendly
interfaces for ATM machines is followed by the official introduction of
the term for the first time in 2008 [18].

The idea to match augmented reality with gamification has been
previously explored for example for enhanced storytelling [16]. Prin-
ciples such ”Play” as for the setting of random action within few el-
ements in the playground, ”Exposition” in order to provide the user
with a plot to follow and get engaged, which is the emotional attach-
ment between the consumer and the business [11] and is reached when
the challenges match the skill level of the player. User engagement can
be measured using interviews as a self-report method [23].

As the game forwards, a connection is also created: reflection of
user’s real life with the game might increase. To properly apply these
concepts, game development must answer following questions [31]:

• "What are the core Play elements in the gamification system?"

• "How can Exposition be used to help players connect the game
activities to the real world?"

• "How are the players given a Choice of activities?"

• "What ways can the players be provided with Information about
their actions?"
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• "How can the players become Engaged with each other?"

• "How do players Reflect upon what they have done?"

1.2.5 Privacy and Ethics

Privacy and ethics concerns are researched according to the informa-
tion found in [47]. Specifically, gathering of personal information and
images are two aspects to consider here.

Despite the obvious artificial displaying of a 3D robot as a mere rep-
resentation in a virtual world, in the future this might become indistin-
guishable [29]. This gap reduction between AR and real world brings
therefore consequences such reducing user awareness after long con-
tact with the game platform. Hence, on a field implementation, it’s
mandatory to warn about the danger it might bring to be around a
true machine, informing that the virtual robot is a rough representa-
tion of it.

Face tracking intrinsically requires to capture user’s features. This
implies the processing of an image containing her face and potentially
a vector representation that could allow to identify user’s face in other
scenarios. In order to avoid conflict, the video captured for this work
is kept only for near-future improvements that the platform might re-
quire. Any potential privacy danger is reduced by deleting at the end
of this work all the user related files and keeping anonymity of the
output of the experiment, instead.

1.2.6 Challenges and Further Problems

The prototype can now be defined as an AR platform that comes as a
non-wearable stationary device provided with a face detection inter-
face that allows to capture 5 different commands in order to move a
cylindrical tool through a loose path. The tool is attached to a robotic
arm with six axes[34]. Producing a good quality prototype means to
generate these commands out of human movements and furthermore
decide on where the tool should go to.

Developing the prototype requires to be skilled on C++ program-
ming and to have previous experience on OpenCV library, specifically
for feature detection. Besides, AR development with Unity are also
fundamental. As well as understanding the theory behind inverse
kinematics to establish the relation between the movement of the tool
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and the joints of the virtual robot. User interaction rules are based on
gamification.

Gesture detection is achieved by tracking the face in order to set a
cursor within a closed area on the screen. Distributing this area and
associate it to a command is solved by a simple distribution based on
diagonals. Feature detection functions can be taken ”as it is” from the
OpenCV samples. This is written in C++ and is not operating system
specific. Being a multi-platform language, it does not impose any re-
striction. The AR development platform, runs both on Ubuntu and
Windows. But the required library, Vuforia, has only properly run on
this latter. Reason why, for this work, augmented reality development
is reduced to Windows OS.

Previous work on inverse kinematics was developed in C# lan-
guage. The image processing libraries for face detection are imple-
mented in C++, though. This incompatibility means the establishment
of a temporal communication channel between them. A socket com-
munication provides a good solution, which relies on libraries specific
to Windows 8.1 OS.
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Methods

A description of the relation between the speed of feature detection
and the image size is obtained from experiments. User interface, specif-
ically the regions distribution and interaction rules, is analyzed from
the observations and answers given during the experiments.

The test prototype includes feature detection, the user interface,
the AR robot and the integration through socket communication. Dis-
tributing the space of detection on specific regions is part of the in-
terface, which runs at the same time with the image processing. The
virtual robot includes the inverse kinematics. And both sides indepen-
dently implement socket communication.

As the prototype is implemented, dysfunctional deployment can
be avoided through a stepwise and modular development. The failure
possibility is reduced to the lowest. Some workarounds are taken to
go straight to the test unit. A recommended long-term solution might
be proposed for further versions, if the case. Further details on the
development and methodology followed during the implementation
are described as follows. The experiment itself is also explained in
detail.

2.1 Prototype Development

The prototype is the junction of an AR engine and the user interface
coordinated through a communication socket. Images are acquired
through two HD cameras, one is the real environment provided to the
AR engine and the another is for user interaction. The development
laptop simultaneously runs all software. An only screen displays both

17
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the face detection interface and the AR engine.
The platform is aimed to be used by one person at a time. Face is

continuously detected but the command is delivered only if the space
key is enabled. That is when the detection time is registered. Strate-
gically placing the face on the screen determines which command is
delivered to the robot.

Vuforia engine is used for marker recognition. For C++11 compila-
tion: mingw-developer-toolkit, mingw32-base, mingw32-gcc-g++ and
msys-base are installed through the MinGW manager. CMake 3.11.4 is
used to generate a Makefile for source code compilation. Socket library
also requires the SDK for Windows 8.1.

Software development and implementation is described in detail
in the following parts of this section. Augmented reality and image
processing interface are individually approached.

2.1.1 Augmented Reality

The AR engine displays the virtual robot, which is directly placed on
the marker and responds on real-time to four basic directional indica-
tions and a standby: "UP", "DOWN", "LEFT", "RIGHT" or "BLOCKED".
The tool is moved with no restriction by applying the inverse kinemat-
ics for each joint. As visual guide, virtual patterns suggest a path to
follow.

For the implementation, Unity game engine for Windows 8.1 is
downloaded and installed [44] to create the 3D project. The scene
requires an AR camera component, a CAD design for the robot and
single virtual patterns that can be easily reached from the home robot
position.

The virtual robot is an ABB IRB 120 with 6 axis, which is down-
loaded from the ABB website in STEP format [20]. Blender converts
STEP into Object format [10], not before assigning a local frame of
coordinates to every individual axis or articulation, placing the robot
links as a parent-child relationship and aligning each coordinate frame
with the original joint. The first parent is the stationary base of the
robot and the last child is the tool itself. Figure 2.1 shows in Blender
the position to align all the coordinate frames and its hierarchy tree (on
the right).

Milestones before importing the robot to Unity are: articulations
properly set in home position, coordinate frames conveniently attached
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to an articulation and robot hierarchy tree. An ID is assigned as label
in the property panel of each robot link after importing it into Unity.
The lowest moving part is associated with "Link1", whereas the tool
itself is identified with "Link6". In the back-end script, each indepen-
dent part of the robot is handled as a FrameObject. Color is given to
the robot on the front-end development interface.

Figure 2.1: Robot configuration. Home position of the robot is defined,
the orientation of the coordinate frames attached to every axis and the
hierarchy tree of the links are properly set.

Inverse kinematics in C# can now be inserted ”as it is” except for
bare modifications specific to this robot. All initial conditions are set in
Start() function, which includes the home position and dimensions of
the robot. Update() function is called every refreshing cycle depend-
ing on the command coming from the image processing module and
determines the position of every joint of the robot. Development files
of this work contain the source code.

Forced commands directly introduced in Unity interface proof the
correctness of the implementation as shown in Figure 2.2 for specific
border positions. Next step is to place it as a proper AR component as
indicated by the official tutorials of Vuforia [15].

The general steps to enable augmented reality capabilities are: in-
troduce augmented reality camera, upload markers to Vuforia database
and download the associated password, insert it in Unity and place the
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marker as a child of the augmented reality camera. After compiling the
Unity project and playing it in Debug mode the AR robot appears as
in Figure 2.3.

(a) Upper robot position (b) Lowest robot position

(c) Leftmost robot position (d) Rightmost robot position

Figure 2.2: Placement of the AR robot into border positions. Com-
mands can directly be inserted on the Unity platform to see the robot
moving.

The AR module is ready to be integrated with the user interface.
But still remains the language incompatibility, which is solved with
socket communication. Nevertheless, and for future work, it is rec-
ommended to compile the image processing as plug-in for Unity like
indicated in the documentation [39].

2.1.2 Image Processing

User interface also includes the description of the user interaction and
the match between regions on the screen and commands. The fea-
ture detection functions powered by OpenCV and based on the Haar-
Cascade algorithm. During the execution, the incoming images are
processed frame by frame on real time and a command is retrieved by
matching the face position with the pixels of each region.

Code implementation for feature detection is developed in C++11
using CMake [7] for compilation with Makefile. The Haar-Cascade
algorithm is an improvement of the Haar method [32] and it is aimed
to find similarities based on features strategically placed on training
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Figure 2.3: Augmented reality set is displayed on the real environ-
ment.

positive images. The code implementation is based on the provided
samples along with the pretrained database [33]. A CascadeClassifier
object implements the Haar-Cascade detector, which requires the load
function to import the pretrained database and the detectMultiScale
function to execute the detection. Usage is shown in the following
fragment of source code.

//Declare Haar Cascade c l a s s d e t e c t o r
C a s c a d e C l a s s i f i e r face_cascade ;

//Load database from face_cascade_name d i r e c t o r y
face_cascade . load ( face_cascade_name ) ;

//Detect f e a t u r e s in frame_gray
//and s t o r e coordinates in f a c e s ( s td : : vector <Rect >)
face_cascade . d e t e c t M u l t i S c a l e ( frame_gray , faces , 1 . 1 , 2 , 0 |

CASCADE_SCALE_IMAGE, S ize ( 3 0 , 3 0 ) ) ;

Faces detected are extracted from the faces vector returned by the
detectMultiScale function. This is used to draw the circle to indicate
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the face. The image is acquired through VideoCapture class every 30
ms. The database is loaded and the face detector is initialized. On
every detection cycle, the input frame is captured in a Mat class and
subsequently passed to the detection function. The source code can be
found on the development files of this work. Figure 2.4 is the output
of feature detection for face and eye detection. Again one more argu-
ment against eye detection appears, the user would require to stare in
different directions, which would not let him directly see the virtual
robot all the time.

Figure 2.4: Functional test of feature detection with Haar-Cascade al-
gorithm for face and eye detection. OpenCV has provided the algo-
rithm libraries as well as the required databases for this task. The pro-
totype is developed using only face detection, though.

The detection area is strategically distributed in regions, which are
individually matched to a specific command. Figure 2.5 illustrates the
relation between face detection and command. This is a simple inter-
face defined to manipulate the robot at least in four directions.

Standard socket library is also used in the C++ face detection in-
terface as for the C# back-end AR robotics code. This communication
mode is of common use and depends on libraries specific to the Win-
dows 8.1 OS.
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(a) UP command. (b) DOWN command.

(c) LEFT command. (d) RIGHT command.

Figure 2.5: Face is placed on a specific region that will produce a com-
mand to be sent to the AR engine through a socket connection. Each
figure shows how the user should proceed in order to generate a com-
mand based on face detection.

When executing the software, unity AR engine is launched first,
face detection interface follows. This is made in order to keep the
initialization protocol between server and client of the socket connec-
tion. Figure 2.6 is the final display of the functional prototype, which
is ready for the experiments. In regards, description of quantitative
and qualitative data along with the experimental methodology are ex-
plained in the following section.

2.2 Research Method

Making inclusive game rooms adapted to disabled people is the role
this work can play in society. Even though, fully capable people can
demonstrate that the concept works at least at an early stage. Ten users
are enough for the experiments, given that the main focus of this work
is to observe the behavior of the algorithm speed under changes on the
resolution, which is not strongly influenced from user to user given
that the faces are not strongly different to each other in size. When
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Figure 2.6: Final set for interaction between user and augmented re-
ality robot. On the left face recognition interface and AR on the right.
When the person places the cursor on the desired region, a command
is delivered to the AR through the socket. After acknowledging the
incoming information, the tool is moved by rotating each robot joint
as defined by its inverse kinematics.

everyone is sitting on similar position respect to the camera the face
scale won’t be significantly different with each other.

The test user would not require technical knowledge to start using
the platform. Hence, a question sheet is enough to guide her through
the whole procedure and let her know about the whole experimental
procedure. After introducing the concepts and principles of the plat-
form, the user has a short training period where the robot can be freely
moved in order to understand the connection between gestures and
the robot tool. Instructions and privacy declaration are provided and
need to be accepted before going further with the experiment, whereas
it is explicitly specified that it can be stopped any time. Appendix A
shows the form used for it.

The experiment itself comes after the recognition stage and the
first batch of questions. User is asked about previous experience on
non-touch interfaces (as a generalization of a face-detection platform),
about augmented reality and thoughts on inclusion in general.

On the AR engine, a circular guide pattern is shown by default and
the user can start the experiment when desired. One after another,
they are switched once an individual trajectory has been completed.
Figure 2.7 shows all of the three pieces that suggest a path to the user.
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(a) Guide piece 1. (b) Guide piece 2. (c) Guide piece 3.

Figure 2.7: Patterns provided to move the tool around as required. The
guide piece 1 is shown by default, the user can drive the tool through
the patterns and switch between them.

Data collection is finished when the user has completed all three
patterns. The user goes for the second batch of questions and the ex-
periment session is finished. Further details on development and vari-
ables analyzed are given in the following paragraphs.

Feature detection functions and classes are embedded within the
software written to collect experimental data and further process the
information. It collects images coming from the user interface and the
detection time. It also matches the face position to a specific command
region. During post-processing, it runs the collected images but with
smaller sizes. Therefore, it can be launched in two different modes:
COLLECT for data and video collection and POST_PROCESS to pro-
cess user sequences in different sizes.

Figure 2.8 describes the general procedure that the algorithm fol-
lows. It shows the data required at the beginning, what needs to be
initialized, the path depending on the mode and the data released
right before finishing the workflow. Both modes are also expanded
in independent flowcharts. If launched in COLLECT mode, the user
ID is requested and checked to avoid information rewriting, files for
video recording and text recording are initialized. Only text files are
initialized in POST PROCESS mode. And for the general flow, camera
is initialized through a VideoCapture object and the input resolution
is set to 640X480.

Figure 2.9 shows COLLECT mode for video and text collection dur-
ing user experiments. User can enable data collection or switch the
guide pattern. Function calling and information writing are specified.
Data collection is made only when the user is intentionally controlling
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the tool. The time it took to process each frame and the command de-
tected are written on a file. On the other hand, user’s video and the
described path are also registered. This latter is directly made in the
AR background.

Figure 2.10 describes POST_PROCESS mode developed to further
process the video recorded during COLLECT mode but at smaller
sizes. It specifies the criteria for the lowest experimental image res-
olution, too.

Characterizing the relation between the face detection time and the
image size processed by the Haar-Cascade algorithm can provide a
reliable criterion to manipulate the performance of the interface. This
is why the image is shrunk down to the lowest possible resolution.
It begins with VGA (640x480) and goes down until the largest side is
barely larger than 10 pixels. Images are reduced by a factor of 0.72 with
respect to the previous size.

If face is detected, the command and the detection time are reg-
istered. For every frame size, the detection rate is compared with the
VGA resolution, too. Quantitative variables here are the detection time
given in milliseconds and the detection rate given as a coefficient be-
tween 0 and 1. This latter is 0 when incorrect and 1 if correct. It can
also be referred as the correctness coefficient given that it specifically
indicates how accurate has been the command acknowledgment with
respect to the original resolution.

For the detection time, mean and variance are calculated for each
frame size. Results are displayed in box plot and organized user by
user. Section 3.1 shows the quantitative results of this experiments.
Direct output of the experiments is also tabulated.

User experience is observed during and after the experiments and
complemented with the answers given on the question sheet. The tool
footprint is registered and displayed on the pattern. Thus, the control
the user has over the tool can be observed. Qualitative variables are
therefore identified as visual correctness of the path and extra body
movements involuntarily made by the user.

To sum it up, the development set is placed inside a room of Stock-
holm University and 9 random people are asked to take part. The mas-
ter student himself is an experimental user, too. The user sits down
before the set as it is explained about the purpose of the experiment,
what the platform does and how everything will proceed. Afterwards,
an explanation about how to interact with the robot is given. With a
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first approach to the platform, the user can freely control the tool as
desired for two to five minutes.

On the question sheet, the first background-related questions can
be answered and the consent declaration is explained before she starts.
The experiment officially begins. Three trajectories with different pat-
terns are forwarded and the video and trajectory data are saved in the
meanwhile.

The experiment is finished after all three patterns have been used
and the second batch of questions answered. It is closed thanking to
the participant for being part of it. Graphics are produced in R statis-
tics from the output of the experiments. Both quantitative and quali-
tative variables are ready for further analysis and conclusion.

2.2.1 The Final Experimental Set

The experimental prototype is developed on a laptop with an 8-core
CPU running at 2.4 GHz in Windows 8.1 with 64 bits architecture. The
integrated HD web camera is used for user interfacing and an exter-
nal USB HD camera assists the AR scenario for displaying the virtual
robot. A printed marker, where the robot sets, is also part of the exper-
imental set. The 19” integrated screen is enough to display the aug-
mented reality and user interface.

Besides the screen shown in Figure 2.6, where the user interface
and the AR are displayed, the external view of the experimental set
can provide an idea about how the user interacts with this interface.
Figure 2.11 shows the physical configuration of the platform.
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Figure 2.8: Description of the general workflow for execution of exper-
iments. It specifies the data required at initialization and both COL-
LECT and POST PROCESS modes. Data initialization can be depen-
dent or independent of the mode.
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Figure 2.9: When COLLECT mode has been selected, the workflow
starts iterating in order to capture the image, apply the detection al-
gorithm, register the processing time and add the image to the video
sequence.
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Figure 2.10: After data collection is made for each user through COL-
LECT mode , POST PROCESS is launched per user and for different
sizes. Frame by frame, it finds the face (if the case) and writes on the
file the time to detect and the command. The sequence is repeated for
smaller sizes as long as the criterion is satisfied.
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Figure 2.11: The user sits before the platform in order to interact with
the augmented reality engine and manipulate the robot. A question
sheet is provided with additional explanation before and during the
experiment. During the execution, spontaneous user comments and
movements are also important to understand the interaction.



Chapter 3

Results

Through the integration of libraries, tools, source code and concepts,
we achieved a functional prototype of an embedded platform. This
is the start of a proper system that integrates image-processing-based
user interfaces and augmented reality. Data collected from experi-
ments provide an idea about the performance of the Haar-Cascade
algorithm based on the relation between face detection speed and im-
age size. Correctness of command detection also complements this
information. Additional data as the path of the tool projected on the
pattern, answers obtained from the question sheet and the observa-
tions during the experiments provided also an idea about the current
user-machine interaction.

The algorithm performance is described out of quantitative data
generated from the video recorded during the experiment sessions.
For each successful detection, the time in milliseconds is taken to-
gether with the command that was detected. There must have been a
file for every user, it contains on each line a decimal number right next
to a command such ”UP”, ”DOWN”, ”LEFT”, ”RIGHT” or ”BLOCKED”.
This is done for all the frame sizes and for each video sequence.

From the video recorded, the frame size is step by step reduced by
a factor 0.72 with respect to the previous frame as long as the widest
side of the frame is longer than 10 pixels (having 117 pixels as the
shortest acceptable resolution). This factor has no special criterion and
has been established as a random formula. The mean and variance of
the detection time are calculated per image size and for every user. It
means that for every image size, the whole experimental sequence is
run, the detection algorithm is applied and with statistical software,

32
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the time results are synthesized in terms of mean and variance.
Information was collected for every user in regard to age and occu-

pation as seen on Table 3.1. Further synthesis of the answers they pro-
vided is given in section 3.2. The sample set does not require to have
specifications in regard to size or user type. Again, the focus of this
work is to evaluate the relation between the image size and the per-
formance of the Haar-Cascade algorithm for feature detection. From
user to user, there is no considerable influence on the detection speed
for the same size. All faces have also similar size given that users are
sitting to similar distances to the camera.

ID
User’s profile
Age Occupation

0 26 Mechatronic Engineer
1 27 Energy Engineering
2 24 Student
3 - PhD Student - Phylosophy
4 29 PhD Student - Biochemistry
5 44 Carpenter
6 18 Noran AB staff
7 19 IT Support
8 25 IT
9 44 Entrepreneur

Table 3.1: Personal data has been collected for every user. Age and
Occupation is associated with the user ID.

3.1 Quantitative Results

The OpenCV function for feature detection has run with ten videos
and different image sizes. User by user, the same routine was executed
first for 307 200 pixels resolution (640x480) then taken down to 117
pixels. Mean and variance are calculated and displayed as a box plot.
Figures 3.1 through 3.3 display the results for each user.

At the first sight the figures are not quite different from each other
and all tend to describe a similar exponential behavior. This confirms
the low importance of the sample size. In other words, and for this ini-
tial development step, sample size to perform experiments and perfor-
mance of the detection are not strongly tied to the expected threshold
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value.
In general, there is no significant change in detection time between

117 and 4 200 pixels. But for 8 748 pixels, a remarkable rising appears.
When detection time grows bigger, the uncertainty is expanded, which
also demands a high uncertainty on the specifications of the processor.

(a) User 0 (b) User 1

(c) User 2 (d) User 3

Figure 3.1: Mean and variance for the detection time based on changes
on the image size. Users 0 to 3.
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Table 3.2 organizes the detection time (in milliseconds) for each im-
age resolution and for all ten users. Figures 3.1 to 3.3 are the box plot
representation that helps to visualize the results, which are displayed
user by user.

(a) User 4 (b) User 5

(c) User 6 (d) User 7

Figure 3.2: Mean and variance for the detection time based on changes
on the image size. Users 4 to 7.
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(a) User 8 (b) User 9

Figure 3.3: Mean and variance for the detection time based on changes
on the image size. Users 8 and 9.

The fastest operation took 1 936 nanoseconds for a resolution of
117 pixels performed by the user 2, which was a 24-year-old student.
However, Table 3.3 says that the detection rate is completely effective
only from a 8 748 resolution onward. This actually means that the
fastest throughput has been 1.3 milliseconds and was contributed by
the user 3, a PhD Student of Philosophy, at 8 748 pixels size. A variance
of 0.2 corresponds to this case.

In the case of 17 770 pixels resolution, user 1 took 2.6 milliseconds
with a variance of 0.47 came as the fastest one. The slowest has been
user 0, the developer, with 4.2 milliseconds and a variance of 0.6. For
36 300 pixels, user 1 has again generated the fastest detection time with
4.9 milliseconds and 0.6 covariance. User 5 took 8.8 milliseconds on
average for the same frame size with 1.7 as covariance.

The following image size, 73 790 pixels, had a good performance
for user 2 with 10.8 milliseconds and variance 0.76, whereas user 0
was the worse with 16.3 milliseconds with 2.7 as variance. Frame size
with 150 528 pixels presented a good performance with 18.38 millisec-
onds and variance of 1.3 for user 2, user 0 and 4 had the worse average
performance with 31.3 and 30.4 milliseconds (7.8 and 6.7 variance) re-
spectively. For the frame size with 307 200 pixels, the original VGA
(640x480) resolution, user 2 had a really good performance with 45.9
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milliseconds and 6.4 variance. User 6 had the worse performance with
63.98 milliseconds and 8.97 variance.

It is worth saying that the low or almost zero detection time espe-
cially for the first three columns is direct consequence of low detection
rate. It means that the reason it has been so ”fast” is explained through
the early negative detection attempts.

The correctness rate is calculated for every frame size with respect
to the original resolution (640x480). This is an indicator of the relative
success of the detection. In Table 3.3 the coefficient is displayed accord-
ingly for every image size and user. Coefficient 1 is a perfect match or
means equivalence between the current resolution and the largest one,
0 means a complete non-match. As has been already noticed, a resolu-
tion of 8 748 pixels had the same effect as the original image size, i.e.
this is the lowest known resolution that can acknowledge commands
at the same rate as the original one.
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3.2 Qualitative Results

The interaction between user and tool can be observed comparing the
trajectory of the tool with the suggested path. This provides an idea
about the connection or ”feeling” between the user and the robot.

The interaction is also analyzed from user’s answers, observations
and general comments given during the interviews. This helps to un-
derstand it and improve it in further versions.

(a) Guide piece 1. (b) Guide piece 2. (c) Guide piece 3.

(d) User 0. Guide 1. (e) User 0. Guide 2. (f) User 0. Guide 3.

(g) User 1. Guide 1. (h) User 1. Guide 2. (i) User 1. Guide 3.

Figure 3.4: Models and paths followed by users 0 and 1.
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(a) User 2. Guide 1. (b) User 2. Guide 2. (c) User 2. Guide 3.

(d) User 3. Guide 1. (e) User 3. Guide 2. (f) User 3. Guide 3.

(g) User 4. Guide 1. (h) User 4. Guide 2. (i) User 4. Guide 3.

Figure 3.5: Paths described by users 2 - 4.

User interaction can be described through qualitative data. The
geometry of the original pattern is placed on the top of the first batch,
as in Figures 3.4 through 3.7. Thus obtaining an intuitive idea about
the sensitivity of the interface.

Despite slight differences from path to path, users could not ex-
actly repeat every pattern or did not even made it within what can be
considered as a frame. User 0, the developer, did not show special pre-
cision for any of the figures, as well as user 1. However, user 2 appears
to approach a little bit better to the patterns or at least a difference
among the patterns is yet visible. User 3 on its side, had no chance
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to properly repeat over the shapes given that she required help when
pressing the space key in order to activate the platform.

Users 4, 5 and 6 showed also no special repetition over the pattern.
But user 7 appears as the one that showed the best visual overall pre-
cision if compared with other participants, despite the ladder-form of
the contours. Users 8 and 9 did not show a special behavior instead.

(a) User 5. Guide 1. (b) User 5. Guide 2. (c) User 5. Guide 3.

(d) User 6. Guide 1. (e) User 6. Guide 2. (f) User 6. Guide 3.

(g) User 7. Guide 1. (h) User 7. Guide 2. (i) User 7. Guide 3.

Figure 3.6: Paths described by users 5 - 7.

All paths kept within the limits of the CAD shape, even if they
did not exactly repeat the suggested pattern. This suggests that users
were actually aware of not moving away from the whole piece instead
of following the internal routes.



CHAPTER 3. RESULTS 43

Most users agreed to understand the process after a first explana-
tion. Only one required support with the button to activate the inter-
face and to be indicated about the direction to move in order to follow
the track. It was often claimed that the face detection interface and the
AR window were not close enough to track the progress of the tool
and the face tracking feedback.

Questions asked prior the experiment provided an overview on the
general experience every user may have. Some claimed not to have
an idea about what AR was, otherwise they had knowledge on apps
related to this technology such filters that enhance or add features to
the input image.

(a) User 8. Guide 1. (b) User 8. Guide 2. (c) User 8. Guide 3.

(d) User 9. Guide 1. (e) User 9. Guide 2. (f) User 9. Guide 3.

Figure 3.7: Paths described by users 8 and 9.

About non-touch computer interfaces, users reported to know about
XBOX kinect, face recognition, voice recognition, motion detection and
screen unlock through face recognition in smartphones. Then, when
they were asked specifically about interfaces based on image process-
ing, some users mentioned apps that modify images or general image
processing applications on transport systems. They even defined it in
terms of a process that get an image as an input and provide a specific
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output.
In regards to the definition of augmented reality, people mainly re-

lated it to the mix of objects with real life or real world, or even the
most famous apps such as Pokémon Go. And in regard to the pres-
ence of it on their daily life, some addressed the daily apps they use
were related either to social networks or even a participant explained
it in the following words: ”the use of social media can be considered
augmented reality. As it shows something that is not really there but
feels natural to the subject”.

According to the participants, inclusion was defined in terms of
”having access to a normal life”, ”equality” or even as providing con-
ditions to achieve proper personal development. Which is followed
by a common agreement on the definition given as the provision of
tools that would enable handicaps to interact with the world. How-
ever, about half of participants agreed to consider handicaps a special
case that should be excluded from labor.

Different aspects such entertainment, sports and industry are also
surveyed together with the perception the user has in regard to au-
tomation and the union of robots with handicaps. The overall opinion
on the first three aspects is that handicaps are considered a different
category or even ”relegated” in spite that they reported to have known
some cases where they have been treated as regular ones. However,
some just acknowledged that handicaps should definitely be included
on these fields.

About automation, some recognized the fact that humans are being
moved to supervision, whereas robots are taking their spots. Also,
repercussions on efficiency increase or even changes in society were
recognized as possible consequences. Automation is understood as
part of our normal evolution, according to an entrepreneur.

Enabling disabled people to work along with robots would also
mean to ignore a fully capable person for that place, this can be com-
pensated by providing benefits whom hire the first ones. Besides,
someone recognized the robotic surgeons as a similar way of inter-
action.

During the experiments, the cases that needed most assistance re-
quired to be verbally indicated about both the movements and aided
with enabling the system. On the other hand, the user that showed to
be more agile even stood up and set the hands onto the table to gain
speed.
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When pressing the space key in order to activate the interface, it
was challenging for a user when coordinating the next command to
deliver to the robot and the current position of the tool with respect
to the suggested path. The enabling system was reported to be not
intuitive and difficult to use.

As last observation, when experiments were performed, users would
slightly stand up from the seat, or would even try to automatically nod
the head. In one case, the person even required to be assisted with the
space key in order to activate the interface and needed verbal instruc-
tion to control the robot.



Chapter 4

Conclusions

4.1 Summary

Qualitative information extracted from the experiments provides an
idea about the real state of the platform in regards with the level of
control the user has over the tool. Answers and comments are pretty
useful to understand the user experience. As well as the control the
user has over the tool or remarks observed while observing how the
user interacted with the image processing. Human - robot interaction
can be reflected on the path the tool describes. User’s feedback is taken
during or after the experiment from the questions sheet.

Quantitative information is an indicator of the performance of the
algorithm given as the detection time for different image sizes. This is
obtained when the image is processed by the Haar-Cascade function
of the OpenCV library and provides a description of the dependence
between both the input image size and the detection in terms of time
and correctness. This latter feature is analyzed by comparing the com-
mands detected on every frame size with respect to the original one.
Of course, detection time is taken only when the function is executed.

Experiments have been performed with 10 people at Stockholm
University in Stockholm for one day. No specific selection criteria was
established for it. First, the platform itself is introduced to the user.
Both of the elements: AR and image processing for face detection are
explained. Then, the user is given a short time to explore the tool.

The existence of a relation between image size and processing time
is a reflection of the nature itself of the Haar-Cascade: a scanning win-
dow going all across the image and further deeper scanning where

46
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there is not yet a negative detection. Different filters repeatedly go
across each frame. Hence, a smaller image also means less pixels to go
through.

Figures 3.1 through 3.3 present the results for all quantitative data
collected during all ten experiments. The broadest observation at first
sight is the clear increase of processing speed after reducing the size
of the image. The following insight is the increase of data dispersion
when the image gets larger. This indicates that the performance can
be improved by making the input image as small as possible. As un-
certainty is also reduced at smaller sizes, the requirements about the
needed hardware can also be more specific. This leaves space to a re-
duced error margin when later looking for a specific hardware.

For this work, the lowest resolution that allows to have the same
detection capabilities as the original size is recognized as the lowest
acceptable input resolution that the platform can process. This consid-
ers not to compromise the experience that is delivered while keeping
resources at its optimal usage.

The minimal resolution accepted is the one that provides the same
detection rate as the original image size. Table 3.3 tabulates the cor-
rectness coefficient for every new size that was processed by the Haar-
Cascade implementation in OpenCV. At 8 748 pixels, a lower thresh-
old can yet be found. This means an image resolution of at least 108x81
the suggested for using this function in order to get the best algorithm
performance without affecting the detection rate.

The user 0 is the ID corresponding to the developer itself. A stronger
influence on size reduction can also be seen only for this case. As a de-
veloper, he is the one who has the most knowledge on this platform,
reason why it could be understood that introducing the users to the
platform with an adequate tutorial would eventually allow to reduce
the lower image size threshold even further. This suggests a dynamic
threshold assisted by machine learning that could be implemented in
advanced versions. The same could be told about the machine: a
”smarter” interface that acknowledges particular movement specific
to each individual would eventually tolerate a lower threshold.

If resolution falls under the recommended threshold, the algorithm
would detect faster but it wouldn’t offer a reliable detection rate. For
this reason, a trade-off between speed and detection rate would need
to be arranged if performance comes to be a priority.

The physical disposition of the platform would need to be rede-
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fined in case it goes to further versions. For example, special structure,
furniture or adapters would extend the design parameters of the de-
vice. Feedback and comments would shape the next design iteration.

The region where the face can be detected is distributed so the user
can place it as desired. Some participants complained about the rough-
ness of the movements required to control the robot, more sensitivity
was requested in order to deliver smoother commands. For example,
each area can be further split into two smaller regions in order to have
more commands.

The robot had no acceleration, so it was abruptly starting to move.
Hence, speed control would improve tool precision. Initially, acceler-
ation can be provided by placing the face at a given distance from the
center. This can be indicated through concentric circumferences, that
represent different speed values.

As observed during experiments, some users even stood up and
placed their hands on the table in order to help themselves to move
the upper body easier, in order to cope with face detection. Sometimes,
a participant also tried to rotate the head around. Improvements can
suggest face detection that accepts face rotation. This would make
it more user friendly which would theoretically increase the perfor-
mance of the platform.

The enabling method can also be eventually changed to some more
intuitive or natural method. Specific gestures as showing an ear or ac-
tivate it with legs open the possibilities for a broader or more inclusive
human condition.

This has been enough to get initial feedback that would help to de-
velop further versions that after more design iterations would become
a proper embedded platform. As for the face detection algorithm, the
Haar-Cascade would require at least a 108x81 resolution. A next iter-
ation can improve the interface by including smaller detection regions
with concentric circumferences.

Introducing acceleration would also influence the physics behind
the robot movement, therefore, if the interface is upgraded, the kine-
matics of the robot also need to be manipulated according to the prop-
erties of the real model. A smooth start of each articulation would
provide a better feeling.

Nodding or head shaking are the next iteration design for the inter-
face. This suggests either more specific image processing capabilities
or more hardware for image acquisition. A structure with cameras



CHAPTER 4. CONCLUSIONS 49

strategically placed around is an option. A second deeper image pro-
cessing function that maps head rotation is another option.

Image processing speed can eventually be improved at hardware
level exploiting processing resources through SIMD (Single Input Mul-
tiple Data) [36]. This can also be made on the development machine
right before jumping into a dedicated platform.

The user can learn to use the device more efficiently by performing
an appropriate tutorial directly on the platform. At the same time,
improvements for image processing for the interface can consider the
overlapping of a translucent distribution of region over the augmented
reality screen.

Power consumption is also affected if analyzed in terms of energy
required to detect an individual face. For smaller images, the algo-
rithm will iterate very quickly across the interface in order to find the
same face if we compare for example the (108x81) vs VGA resolution.
If we require less time to find a face, then the power per detected face
is reduced, given that there will be less required cycles for the same
task. This can be directly attributed to the way how image process-
ing works: a scanning window is taken all the way through the image
while searching for features. Smaller images require less time to be
scanned by the algorithm. This is less power per detected face but not
less power per individual mathematical operation at processor level.

We can allow to reduce the image size while obtaining the same
results thanks to the overall procedure how this algorithm is applied.
In general, a scanning window is always used in image processing,
which in this case is the feature detection window that now has less
area to go through. For the cascading, it also means that the amount
of non-face regions that the algorithm needs to analyze is reduced
whereas the face is still there.

The image size also affects how much RAM memory is used at ev-
ery scanning iteration. At register level, a smaller image means shorter
times to retrieve pixel information. Which also is expected to happen
in the cache memory. This mean also a quicker search for a specific
memory address.

In the long term, a proper embedded platform with its own ded-
icated hardware that under an embedded operating system, runs an
improved gesture interface and more specific augmented reality soft-
ware. This could be ideally delivered and ready to be taken out of the
box for implementations in fields such as industry, health or entertain-
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ment. Proper industrial and product design would unveil its potential
to the most.

Noran AB, the host company remains with the knowledge and the
technical development that has been achieved during this work and
can implement it or improve it for its game room concepts. The stu-
dent developer on his side can keep on working on further develop-
ment until a deliverable product can be placed on the mass market
especially for supporting disabled people.

4.2 Future Work

According to the information collected during the experiments and the
conclusions coming out of it, future work and tasks may be indicated
in order to expand this work and slowly come into a proper embedded
platform for augmented reality interfaced through image processing.

The work can be split into software, hardware, product design or
user-machine interaction design. This work has barely approached
any of those and has paid special attention to the performance of the
software in terms of the relation between the image resolution and the
detection time.

When it comes to software, OpenCV library might be explored
more in depth in order to have a second level of face recognition where
the user can even turn the face around using just natural movements.
Research on head recognition would be required. Hence, the user
could smoothly interact with the AR environment. The algorithm speed
can also be improved not only setting a proper image size but also
making use of parallel programming resources. Precisely speaking,
the software needs to be improved both to make image recognition
more natural and to increase the processing speed. Of course taking
into account the conclusions of the previous section in regards with the
kinematics of the robot, the rules of the interface and the possibility to
increase the speed with additional hardware resources.

The incompatibility between the AR platform and the image recog-
nition interface needs to be eventually handled either by including the
C++ code directly as Unity plug-in or by moving all the AR elements to
the UnrealEngine and transferring the mathematics behind the robot
movement to C++. Either of these procedures would need to be made
on a second development iteration of this prototype.
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The hardware was not even introduced for this master thesis but
some specifications would be required in order to finally converge to
a single embedded platform. Defining the hardware platform, would
require to identify either if it is for example FPGA or CPU based, or
even a mix of it. But first a second iteration on software development
is recommended in order to start having a first insight into hardware
development.

An inclusive platform would also require special adapters to make
it more usable for users with restricted mobility. Hence, an ergonomic
product design approach would follow and would include an ade-
quate distribution of cameras, seat and processing unit in order to pro-
vide a comfortable user experience.

Additionally, aside from the product design, human-computer in-
teraction design will define the way the person is manipulating the
augmented reality object. An overlapping interface with a distribution
of regions based on concentric circles and radial lines would work as
second design iteration. Nevertheless, given the natural movements
required for the platform, this concept would eventually require to be
redesigned.

Technical details are not the only aspect to further consider in this
work. User segmentation, market analysis and possible stakeholders
and competitors need to be researched in order to exploit its poten-
tial in the market and make it the most profitable. For example, aug-
mented reality developers and researchers might contribute and on its
side image processing researchers can add their valuable knowledge
to be here integrated.

The knowledge explored out of this work needs to be handled de-
pending on the special concern of the developers or investors. There-
fore, the potential to file a patent application comes into consideration
when presenting related work depending on the country or region.
However, it is recommended to keep new code developed as open
source.

On the long term, design of the whole product is to be achieved
together with the serial production of a single deliverable hardware
unit. Specialized OS and software tasks that can be utilized as a plat-
form to allow handicaps to interact with augmented reality elements
in the surroundings. Finally, it is strongly encouraged, that further
work based on this master thesis should always holistically contribute
to humankind.
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Appendix A

Consent Form

For manipulation of personal information

This study is part of the Degree Project Augmented Reality Robotics Game
Controlled by Face Detection Algorithm. By signing this form you agree
that we gather data aimed for the analysis, testing and experimenta-
tion regarding the development of this work.

The person taking part in this process is aware of the data collec-
tion related to the image processing software based on the Haar Cas-
cade Algorithm. Personal data such age and academic background are
hereby collected and analyzed along with the performance statistics
related to the time the algorithm takes to process each image, in order
to detect the face. The results of the processed data will be kept under
the non-disclosed files of the project and will not be transferred to any
third parties. Remember you can interrupt this experiment any time
without explanation.

A.1 Before the experiment

User code:

Age:

Occupation (specify field):

This experiment will record your face in order to further extract
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performance statistics for quantitative analysis. This data will be deleted
by the end of this experiment and won’t be uploaded to the cloud. [] I
agree. (Required to continue the experiment)

[] A photo of my face can be shown in the report with documenta-
tion purposes. Region on and around eyes is covered. ( Not manda-
tory)

Have you ever interacted with non-touch interfaces?
Are you aware of the image processing interfaces on your daily

life?
Are you aware of Augmented Reality and Image Processing im-

plementations in your daily life?
Do you use Snapchat or Facebook features to enhance your face

with funny additions?
Could you please now check if you know it and if possible define

the following terms?
[]Augmented Reality:
[]Face Detection:
Agree or disagree? Handicaps need to be provided with tools

(not attached to them) to interact with the world as of they were com-
pletely capable.

Agree or disagree? Handicaps are a special case and therefore are
not enabled to work or interact with the environment as everyone
does.

Which opinions do people have when it comes to the inclusion
of handicaps in environments such entertainment (game rooms, for
example) or industrial tasks?

Automation is increasingly executing and replacing humans in
repetitive tasks. What is your opinion to this fact?

What is your opinion if we include handicaps to control this robots?
Have you recently visited a game room?
If so, was it conditioned for handicaps?
Now you’re going to interact with a face detection interface in or-

der to move the virtual robot, around the empty space defined by the
virtual piece. Your face position on the screen will accordingly define
the command you want to send to the robot in order to move it along
the plane in only four directions (UP, DOWN, LEFT, RIGHT). Make
sure you enable the interface by holding the space key.

First, you will learn how to use the interface. Try around with your
face and move it around the screen in order to identify the regions
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where it must be to be understood as a specific command. Remember
to hold space to activate the interface.

Now. Two different pieces will be shown one by one with an initial
robot position. Your task is to move the robot as desired in order to
complete the path within the given piece. Move the long tool within
the empty space and avoid as much as possible to contact the material.
Take your time, let the interviewer know once you are done.

A.2 After the experiment:

Direct connection between face movement and robot end-effector?

Besides the space key, do you feel any other action or interface could
be necessary to make it easier to handle?

Did you have fun? :D
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