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Abstract 
 

Microsoft Hololens is an Augmented Reality device, which allows the user to place virtual 
objects onto the physical existing world. The device is so new that there are many aspects 
such as the experience, quality of visualization, quality of voice commands, image detection 
and usability that have not been explored.  

In this study, we investigate and implement Augmented Reality applications to use with the 
Microsoft Hololens to evaluate both the user experience aspect of the device to determine 
how users feel when it comes to using the device. The other aspect that will be investigated is 
the different object recognition SDK to see how they differ and how the difference affects the 
Augmented Reality application. The last aspect that will be investigated is the idea of 
controlling a vehicle using the Microsoft Hololens and whether it is practical to do that or not.  

A lot of the article sources were gathered from IEEE Xplore, DIVA, Engineering village and 
google scholar and the titles and the abstract of each article was used to identify if the article 
had a connection to our area of interest which is Augmented Reality and image detection.  

It can be concluded that the user experience of Microsoft Hololens is on an average level 
because of certain factors affecting the user. There are huge differences between the Vuforia 
object recognition SDK and ARToolKit object recognition SDK in terms of the distances the 
image target was detected and many other small aspects. The differences have a huge impact 
on the Augmented Reality application that was implemented because it undermined certain 
responses that gets triggered when the image target is found. The ability to control a vehicle 
using Microsoft Hololens works flawlessly and it is practical to use Microsoft Hololens to 
control the vehicle but there are some negative aspects that affect in a negative way making it 
sometimes unstable. 

 

Keywords: Augmented Reality, Microsoft Hololens, 
Vuforia SDK, ARToolKit SDK 
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1. Introduction 
 

Augmented reality is a technology that can apply graphics created from a computer onto the 
existing reality. Augmented reality with certain devices such as mobile devices, head mounted 
displays and even computers with web cameras can be used to get a spatial planning of the 
environment around us and place virtual objects into that environment. Microsoft Hololens is 
an Augmented reality device developed and created by Microsoft. Augmented Reality 
applications can be used with the device to see and interact with virtual objects in the 
environment.  

The problem is that at a construction site there are many vehicles and machines working, to be 
able to view information one must use the computer to see the efficiency values, fuel and even 
the load weight of the machine and what the tasks are. By using the Microsoft Hololens to see 
all data about the machines while looking at the machines directly and the user experience 
must be researched to see if it is worth having the device for this specific context. This is 
important because in the world we are living in now the technology that exists is starting to be 
more and more important based on our own experiences. We even have autonomous cars that 
can drive by itself but in a situation like that how can a person know if the car has detected the 
person. Using AR technology perhaps implemented into some device like sunglasses and by 
looking at the car you can see that the car has noticed you. Rather than carrying around some 
laptop or some radio receiver to see information of a specific vehicle object just have a pair of 
glasses that can allow AR applications to run. So, AR applications are important, and our 
research will bring out more depth about AR applications such as the user experience. If a 
person that is developing AR application for a certain product but realizes at the end that AR 
is not that user friendly and that there could have been some other way that would help in that 
specific situation. So, our research will help in provide how the user experience was for our 
case study and the reader can get ideas about if an AR application fits them or not. Another 
important aspect is that AR application to control the movement of a vehicle object has still 
not been tried, so by researching into that we can provide a foundation on if it is possible and 
how it can be approached. By researching this, we can maybe in future get rid of using mobile 
phones or tablets to control different vehicles and it might be enough with just the glasses. 

There are many previous works that relate to Augmented Reality for example mobile devices 
using Augmented Reality applications to detect images and applying objects on it [6] another 
one was to use Microsoft Hololens to draw drawings in mid-air using gestures [10] and many 
more has been done mobile devices [13, 16] and researchers that created their own Head 
Mounted Displays [17].  

A lot has been done around the area Augmented Reality and image detection but however the 
gap is the amount of study that has been conducted using the Microsoft Hololens together 
with different object recognition SDK’s.  As the Microsoft Hololens was released at the end 
of November 2016 for the public to buy the developer edition of the device. The device is so 
new that there are so many aspects that has not been studied into [19]. This is the gap that we 
are filling in this thesis paper by evaluating the Microsoft Hololens in different ways by using 
different object recognition SDK’s and understanding the differences between those object 
recognition SDK’s. Also, an overall evaluation of the device in the aspects user experience 
and the quality of rendering objects.  
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2. Background 
 

Augmented Reality is when applying virtual computer written object into the existing world 
and seeing both the existing world and the virtual computer rendered object at the same time. 
The main goal of the whole concept of Augmented Reality or Mixed Reality is to be able to 
provide the user with virtual information together with the view of the real world [9].   
 
In 1950’s a cinematographer known as Morton Heilig had a vision where he viewed that 
cinema was an activity that would attract all of the senses of the user viewing [12]. The 
concept was developed in 1968 when a computer scientist professor Ivan Sutherland together 
with a student of his created and invented the first Augmented Reality technology device [5]. 
Ivan Sutherland mainly created the whole idea of Augmented Reality to help helicopter pilots 
to land the helicopter in the night by having low-light cameras moving synchronized with the 
head movement of the pilot and the movement of the eyes [5]. However, at that time the term 
Augmented Reality did not exist it was just a device that had transparent glass. 
 
Ivan Sutherland pioneered a way into a whole new level of scientific technology, and this was 
the root of Augmented Reality and even the birth of Virtual Reality. Virtual Reality is when 
the user can only see the virtual environment with virtual objects and can interact with that 
virtual environment. The work that was done by Ivan Sutherland opened some new doors in 
technology and from that many other scientists decided to work in this field. Another 
important milestone was the time when the term Augmented Reality was introduced in 1992 
by a Boeing researcher Thomas Caudell [5]. He introduced the term Augmented Reality when 
he was describing how a head mounted display worked as it had applied virtual graphics onto 
the existing physical world [5].  Ronald Azuma was the person who provided the widely 
known definition of Augmented Reality where he described that Augmented Reality was a 
combination of both real and virtual objects in one field of view space in 1997 [12].  
 
Since then we now have different devices available for both Augmented Reality and Virtual 
Reality. The most recent Augmented Reality device that was introduced is the Microsoft 
HoloLens, which is created and developed by Microsoft [19].  
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2.1 Literature review 
  

There are many different related work papers related with our topic of Augmented Reality and 
some type of image detection like these the work of the researcher Norihiko Kawai et al [11] 
who did an experiment on a method for hiding an object/texture and revealing the actual 
background. The experiment uses an AR camera and a marker to detect the object and hide 
the object. In the experiment the researcher confirmed by using an algorithm that detects AR 
marker to generate a visually image and hide the AR marker to display the background of the 
of the marker. The researcher tested this method in a different surface of background such as 
rectangular texture and stripe texture which gave a good result however testing on complex 
geometry texture could not be handled by camera because of the camera motion that assumes 
the pixels are similarly.  

Another researcher known as Eivind Gravdal [13] has also made a study using combining 
augmented reality with mobile device for tracking object. In this research, he tested out the 
TLD algorithm [13] to test the memory and process usage when the camera of the mobile 
device detects an image and processes it. The result was that the detections algorithm takes 
longer time and the author suggests in future work that the targeted images should be 
predetermined to reduce the processing time.  

Another research about augmented reality is made by Ronald T.Azuma in 1997 [14] on how 
augmented reality technology can serve us in different fields such as military, medicine, 
construction, etc. The Idea behind this research is to detect the different issues and problems 
that can occur using AR technology in different fields [14]. Since the article is from 1997 the 
AR technology were still in its first developments so the author suggest that the augmented 
reality can be used in different fields but the biggest issue is to register and sensing the issues 
in an augmented reality system. Augmented reality can be used in different fields but some 
area such as military and medicine that requires a lot of security and accuracy will take a lot 
of efforts to make an augmented reality system. 
 
There have been done a few works into mobile Augmented Reality as well, Piotr Dabrowski 
[16] researched and implemented a mobile Augmented Reality application to convert real 
buildings in the real world into a virtual building object of the same real building. The focus 
of this research was to identify the accuracy of the GPS of the mobile device to use that in 
placing the virtual object building on the real building and measuring the offsets and the 
quality of the virtual building.  

  
There are some related work papers that have a connection with the device Microsoft 
Hololens that we are using for our research where they considered some different aspects one 
was depth camera and the other one was evaluating the gestures to use with the Microsoft 
Hololens.  Yun Suk Chang et al [10] studied at USA University of Santa Barbara created three 
type of application to evaluate and test how the gesturing can be used on this device [10]. 
They created three type of applications and each application have a specific function to do. 
The first one is the user can draw on targeted surface by using gestures using one of his/her 
hands. The second one is air drawing application it lets the user to draw an annotation on air 
without pointing to a surface like the first one and the annotation will be placed on the 
targeted surface when the drawing is done and the last applications is to drawing on midair in 
3d space without need of any surface. This application can be used to collaborate with multi 
users. In another study that have been made by Huidong Bai is to develop a natural interaction 
technique instead of traditional interaction when using an augmented reality device [18]. The 

http://ieeexplore.ieee.org.miman.bib.bth.se/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Yun%20Suk%20Chang.QT.&newsearch=true
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results showed that it takes longer time to the device to recognize and process but it makes the 
user feel more comfortable than using a traditional gesture.  

Using Augmented Reality for instructional applications such as in school or any other 
learning centers because some users prefer to learn by being able to see images and objects 
rather than only reading texts. This was a study done by Filip Kälström with Fredrik Palm two 
students from Linköping to understand the effectiveness of using Augmented Reality in 
instructional applications area [17]. 

Mathieu Garon et al [8], researched into the quality of depth data on the Microsoft Hololens 
by rendering virtual 3D objects onto small real world object targets. They attached an external 
depth camera to the Hololens to be able to compare the difference in what the Hololens can do 
by itself and what the extra depth camera module can do. The results they got was that the 
extra depth camera was able to provide more information to be able to place an virtual object 
on the real world object while the Hololens depth camera and object targeting was a bit off 
track.  

The related work that is close to our topic is the idea of image detection and image tracking 
which these previous works show what has been achieved in the image detection and tracking 
aspect.  

Hirokazu Kato and Mark Billinghurst [7] created a prototype of HMD (head mounted display) 
to be able to define new methods for both detecting and tracking pattern targets. One of the 
scenario that they had was to view place a user’s face on onto a marker for use to be able to 
have augmented reality video conference. In order for this is to be done, they had to define a 
better tracking and detection method which would be effective. First they created a 
conference interface for the wearer of the device, the conference interface is an interface that 
displays different virtual objects when the user looks at a marker/image pattern and a video 
will be send to another user which is sitting on a computer desktop to collaborate with 
him/her.   

Hirokazu Kato and Mark Billinghurst used a placeholder as a marker in form of cards and 
each card has an id to identify the user and virtual display and a large paper was placed in 
front of the user so that the user can write on it and it will be displayed to the other user who 
is sitting on the other desktop. A marker is an complex unique pattern that is used as an image 
target for the device. From this experiment, the gathered results showed that when the marker 
is moving the stability of the response of the device was very low meaning it lost connection 
to the object. But however, it can catch the pattern quickly again but not stable when there is 
movement involved.  Another issue they dealt with was the further away the user is from the 
target, the less likely it is to identify the target. So, the distance was a limitation for the HMD. 

Alexandro Simonetti Ibañez and Josep Paredes Figueras [6] have done research into the 
Vuforia SDK used together with mobile devices. They focused on analysing the 
functionalities that was offered by the Vuforia SDK on mobile devices, this includes the 
different aspects that affect image or pattern detection. Their focus in their work, is to 
research into the robustness of the Vuforia SDK in the detection aspects. Alexandro Simonetti 
Ibañez and Josep Paredes Figueras [6] designed experiments to test, which uses the different 
detection and tracking features that the Vuforia SDK offers by creating an AR application 
together with the Vuforia SDK to use with mobile devices. The tests they designed they 
conducted each part ten times and they did that to be able to get accurate results without any 
inconsistency. Alexandro Simonetti Ibañez and Josep Paredes Figueras [6] concluded in their 
thesis that there are many different factors that affects the detecting and targeting aspects. The 
major factor was the camera quality of the mobile devices which played a huge roll in 
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detecting the designated targets. When they used the different mobile devices to test the 
maximum distance the Vuforia SDK can detect the target, for a Samsung galaxy S device it 
was 131.73 cm maximum distance, HTC device 106.8 cm and Samsung galaxy note II 151.5 
cm. 
From doing this theoretical study into image detection and Vuforia, it can clearly be seen that 
distance from the target is one of the biggest factor affecting the image detection and the next 
factor is the quality of camera and lens that the device has. 
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3. Research Methodology 
 

C.R. Kothari has defined many different types of research methods in his “Research 
Methodology: Methods and Techniques” [1] that one can choose from based on the type of 
scientific study and its value. The case scenario we have is to build Augmented Reality 
application to serve automotive vehicle companies in making it easier for construction site 
workers, managers to view information about different vehicles on the construction site. In 
this case scenario both applications have to be built and they also have to be evaluated so the 
method type that works well is a mixture of qualitative research and applied research.  

C.R. Kothari presents the definition from his “Research Methodology: Methods and 
Techniques” for qualitative research as “This type of research aims at discovering the 
underlying motives and desires, using in depth interviews for the purpose. Other techniques of 
such research are word association tests, sentence completion tests, story completion tests 
and similar other projective techniques. Attitude or opinion research i.e., research designed 
to find out how people feel or what they think about a particular subject or institution is also 
qualitative research.” [1]. As the case scenario that we have depends on certain user 
experience aspects which involve opinions, and how they users feel when using the prototype 
using qualitative research and having interviews would enlighten and answer our research 
questions. 

 Applied research means to be able to find solutions for certain problems for a society or an 
industry [1].  We investigated how Augmented Reality can be used to improve the 
effectiveness in different environment and if it is practical to use in the specific domain which 
included solving a problem for the automotive vehicle company. So, that is the reason why 
our research approach is the applied research type.   

The research method that we have chosen to use to conduct our empirical study with is the 
Design Science Research method. The Design Science Research method offers us the use of 
both the qualitative method aspect together with the applied research aspect. In the subsection 
3.2, Design Science Research will be presented with more details on the process of it.  In the 
subsection 3.1, the research questions will be presented together with a motivation for each of 
the research question.   
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3.1 Research Questions 
 

In this subsection, the research questions will be introduced together with a motivation for 
why we picked these research questions. The research questions that we are aiming to answer 
in this thesis are the following:  

RQ1: How is the user experience and quality of visualization when using an AR application 
on Microsoft Hololens to interact with automotive vehicle objects?  
 
RQ2: In what ways does the Augmented Reality object recognition API Vuforia and 
ARToolKit differs and what impact does it have on the AR application? 

RQ3: Can an AR application using Microsoft Hololens be used to control the movement of an 
automotive vehicle object and if so how practical is it to use Microsoft Hololens to control the 
movement of the vehicle object? 

Microsoft Hololens is a new device in the area of mixed reality which is Augmented Reality, 
which means that virtual objects can be placed in the real world. As the device was new there 
were many aspects such as usability, the interaction types, quality of rendering and how well 
it performs with object recognition SDK’s of the device that hadn’t been evaluated by users. 
From our experiences the demand for both Augmented Reality and Virtual Reality is rising 
and by doing an evaluation of the Microsoft Hololens potential users will know before buying 
if it will fit their need of use. The device offers many ways to interact and visualize content so 
RQ1 focuses on evaluating the interaction and visualization abilities of the device. 

RQ2 focuses a bit deeper than RQ1 because now the focus is on object recognition, this is 
important in our case scenario. There are different API’s available to use to recognize objects 
but however, Vuforia API is a well-known API in terms of object recognition and they 
recently released an SDK to be used with Microsoft Hololens. ARToolKit is another object 
recognition API that has been serving Augmented Reality applications for almost 18 years 
now[2]. ARToolKit doesn’t offer an SDK that supports Microsoft Hololens instead, it is a 
wrapper created by Long Qian and the package to use is on github[3]. Evaluating the 
differences between these object recognition for use with Microsoft Hololens can provide 
insight into what API works in which scenarios so for future works with object recognition it 
would make it easier to pick the correct object recognition API at the start.  

RQ3 focuses on investigating if Microsoft Hololens can actually be used to control 
automotive vehicle object and in our scenario, it is a small version of the vehicle object. If the 
Microsoft Hololens can be used to control the vehicle, then the focus will be the experience of 
the users when trying to control the vehicle using Microsoft Hololens. This is important 
because nowadays technology is growing so fast that all devices can be controlled wirelessly, 
a mobile can be used to control a tv no need for tv remotes. So it is the same situation in our 
scenario if it is possible to use Microsoft Hololens to control the vehicle object and to 
evaluate the experience of it. This will provide a deeper insight into if the Microsoft Hololens 
can be used to remote control objects and the experience so that future projects involving 
remote controlling objects will know whether if it is useful to use Microsoft Hololens or not.  
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3.2 Design Science Research 
 

The method we choose was the Design Science Research method. The figure 3.3.1 below, 
shows an outline of how the process works for the research method and the figure also 
contains the modification we have done with the method. Below the figure, an explanation to 
the different parts of the method will be described.  

The reason we choose this method is mainly because in our case study we had to create and 
implement an AR application so the choices we had were experiment or Design Science 
Research. The experiment method relies on having certain input controlled, like what plugins 
that will be used to create the application. As our case was more about testing and researching 
different ways to reach our goals we realized that Design Science Research offers us that by 
giving us the freedom to create relevant artifacts that are related to solving the problem 
without the need to specify which plugins or which external unity packages that will be used.  

 

 

The figure 3.3.1 has three different parts, Environment, Design Science Research and 
Knowledge. The first part Environment refers to the specific case study that was given to us, 
the organization and the people that want to have a solution to improve the construction site 
workers or manager’s tasks by giving a quick overview of the machines on the site. It also 
involves the technology that we have to solve this dilemma in a good way, which in this case 
is the Microsoft Hololens. As the arrow 1 shows the environment part has an input to the 
Design Science Research process and it is a vital input [4]. 

The second part is the Design Science Research process which basically contains two sub-
parts which are Develop/build and Justify/Evaluate. The Develop/Build subpart is where the 
artifact is designed and built. In the Justify/Evaluate subpart is where the artifact that is built 
is being evaluated and in our case, we are using two different methods for evaluation which is 
survey and interview. In section 4 there will be a more description what the survey consists of 

Figure 3.3.1 
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for each artifact that is being built. The connection between Develop/build and 
Justify/Evaluate which is shown by the arrows 5 & 6 is the design cycle which happens once 
for each artifact that will be built. The arrows 3 & 4 is the feedback cycle, which has been 
added by us and the reason for this is because every time a part of the artifact has been built 
we would get our project leader to test the artifact and give us feedback. The feedback is used 
to refine the artifact so that it fits perfectly with the case study that we were given.  

We choose to evaluate using both survey and interview so that the results can be collected in 
an efficient way and to see what the participants thought about the different aspects. One of 
the goal with these research is to is if it is practical to use Microsoft Hololens in a specific 
environment for it to help the user with certain tasks. The participants for the first two parts of 
the survey were chose based on who had access to the project because at the time they will be 
conducted the project is still secret and so we picked 5 different people. The background of 
the participants is that they are mechanical engineering students, signal processing student and 
one industrial economy student these students were picked because they had access to the 
machines our project consisted of. Only one of these students had experience using Microsoft 
Hololens while the others did not. For the third survey, we decided to do that on the BTH 
innovation day so we could gather results using people that have had no idea at all about the 
project and document their answers and their feedback. The background of the participants for 
the third survey consisted of random backgrounds from students to owners and representative 
of different technology businesses. The survey results will be analyzed using diagrams to 
represent the scores each question has received together with more diagrams that represent the 
overall score for each question and for each aspect of the survey.  The survey part 1 can be 
seen in the Appendix A, the questions that are underlined are questions that had follow up 
questions which is the interview part to get a deeper insight into the reason of why the 
participant gave the question that score. The survey part 2 for the first object recognition SDK 
can be seen in Appendix B. The survey part 3 for the second object recognition SDK can be 
seen in Appendix C and the last survey part 4 can be seen in the Appendix D and the question 
that is underlined is an interview question.  

The third part of the method is Knowledge, basically it is the knowledge that we have from 
doing other projects or from classes. It is the second most vital input for the Design Science 
Research because without knowledge one can’t complete the objectives of this case study. So, 
the Knowledge part consists of the previous experience we have in terms of coding and the 
literature reviews that relate to our area of topic. It also includes meta-artifacts phase where 
research and the artifact is designed before the artifact is developed.  

The validity threats that has been conducted is that the group of participants that were a part 
of the first survey were also the same for survey part 2 and part 3. This is it to make sure that 
the result is accurate because if the participants differed then the results would be different  
making it inconsistent and hard to derive to an answer. The survey part 4 was independent and 
it didn’t require that the same people participated again instead random people was chosen to 
do the survey.  The survey participants did not know which SDK they were testing for survey 
part 2 & 3 this is to avoid bias in case the participants were familiar with the object 
recognition SDK’s. 
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4. Artifacts 
 

In section 3.3, we described the research method that we are using for the empirical study 
which is Design Science Research. For this research methodology, different artifacts need to 
be built to be able to answer our research questions.  

The tools and resources that will be used to implement the artifacts are listed below:  

● Unity as the IDE editor (To place virtual objects onto a scene) 
● Visual Studio as the editor for C# code (To write scripts to listen for clicks, voice 

commands, gesture inputs and controlling the responses when using the object 
recognition SDK’s) 

● C# as the programming language 
● ARToolKit SDK (Object recognition SDK) 
● Vuforia SDK (Object recognition SDK) 
● Microsoft Hololens (Augmented Reality device) 
● HoloToolKit (Unity package that contains, scripts to use hand gestures click and voice 

command) 
 

The case scenario that was given to us, to solve was about using Microsoft Hololens on a 
construction site to improve and make it simpler for construction site workers to have a better 
overview with the machines. A construction site worker or a construction manager usually 
wants some kind of update which shows the use of the different machines, how much they 
have driven and what the tasks are for that machine. In order this to be shown, data from the 
machines needs to be downloaded directly to a pc and then visualized it with some graphs. So, 
our task was to find ways to identify a machine and directly present information about that 
machine. In order to reach that goal, we decided to compare different object recognition API’s 
and evaluate the user experience of the Microsoft Hololens.   

Each artifact that will be implemented will be described in detail and the reason for how the 
artifact can help in answering our research questions.  There will be a subsection for each 
artifact so it makes it more comprehensible and straightforward.  
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4.1 Artifact 1 
 
The first artifact is built to be able to answer our first research question “How is the user 
experience and quality of visualization when using an AR application on Microsoft Hololens 
to interact with automotive vehicle objects?”.  This artifact will basically include the different 
aspects of interaction and visualizations techniques to understand how the user experience is 
and to understand the quality of visualizations. In order to be able to understand the use 
experience of the Microsoft Hololens all the aspects need to be covered and presented to the 
user and then the user after testing will give feedback. The Microsoft Hololens offers different 
ways to interact with virtual objects which are rendered, we have the hand gestures to click on 
the virtual objects. We also have voice input commands, so a specific keyword can be 
connected to a certain action on a virtual object.  This artifact will implement the different 
ways of interactions both the hand gesture and the voice command.  Together with the 
interactions, there will be a dumper machine and an excavator rendered on the Hololens 
screen and the object will be placed further and further away. By doing that we can see how 
the visualization is affected. In Figure 4.1.1, a basic overview of what this artifact is meant for 
can be seen and the use for it.  
 
This artifact is being built using unity as the IDE for placing the panels and the essential 
objects into the field of view of the user in the Hololens. C# is used as the programming 
language to write our own functions and methods which will be called when the AR 
application receives an input either voice command or hand gesture.   
 

  

Figure 4.1.1 
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4.2 Artifact 2 
 
This artifact focuses on the second research question, “In what ways does the Augmented 
Reality object recognition API Vuforia and ARToolKit differs and what impact does it have on 
the AR application?”. The aim with this artifact is to build an AR application that uses the 
Vuforia object recognition API and to save targets into the database and when looking at a 
target it should present data about the machine like the figure 4.2.1 shows. The Vuforia SDK 
does all the work, the only thing that is needed is to code response action when the target has 
been found. The main purpose of the artifact is to place different image targets in front of the 
Microsoft HoloLens from different lengths and measure what the users felt about the response 
time and the max distance that the image target was detected. If the response is stable while 
the image target is moving and if the angle of view on the image targets affects the response 
time.   
 

 

 

 

 

 

 

 

 

 

 

4.3 Artifact 3 
 
This artifact focuses on the second research question, “In what ways does the Augmented 
Reality object recognition API Vuforia and ARToolKit differs and what impact does it have on 
the AR application?”. This artifact is very similar to artifact 4.2 in the way it is used but 
however the object recognition API is ARToolKit. The response object when the target has 
been found is very similar to artifact 4.2 but this object recognition API uses different 
algorithms compared to Vuforia API. The ARToolKit API only takes black & white patterns 
unfortunately it doesn’t take color patterns. In this artifact the same aspects as artifact 2 will 
be implemented.  
  

Figure 4.2.1 
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4.4 Artifact 4 
 

This artifact focuses on the third research question, “Can an AR application using Microsoft 
Hololens be used to control the movement of an automotive vehicle object and if so how 
practical is it to use Microsoft Hololens to control the movement of the vehicle object?”. The 
main aim of this artifact is to create some kind of link between Microsoft Hololens and a 
miniature dumper machine to control it.  The MQTT protocol is used to send data from to a 
specific topic and the miniature dumper machine has an Arduino onboard with Wi-Fi module 
which is subscribed to a topic on the MQTT protocol. Raspberry pi 3 is used to run a 
mosquito server and both the Microsoft Hololens and the dumper machine is connected to that 
mosquito server. The dumper machine that we had to for this artifact was built by some 
mechanical engineering students together with an automotive vehicle company, so we had 
nothing to do with the building of that machine. Using this artifact it will be possible to gather 
the personal opinions that the different users had when using this artifact and if they would 
use it in the case scenario on an construction site. The figure 4.4.1 shows the connection 
between the Microsoft Hololens and how the commands are sent to the dumper machine 
remotely.  
 
The data that is sent is a value either 1 or 2 which means either the machine goes forward or 
backwards. That was the only movement that was needed because the machine could turn by 
itself.   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 4.4.1 
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5. Results 
 

The results in the section is presented for each research question that we have investigated. 
The research question is presented together with the data collections that we have gathered 
through our surveys and interviews.  In the report, there are several appendices which contain 
the questions that the survey consisted of, in each subsection below there will be a detailed 
description for which appendix corresponds with which research question survey.  

  

5.1 Research Question 1 
  

This research question is answered by collecting data from surveys and interview conducted 
by us. In section 4.1 of this report a detailed description of what the artifact is and why it is 
important to answer the research question. In Appendix A, the questions that were on the 
survey is listed to have a better understanding of the diagrams that are included in this section.  

The questions AQ1- AQ7 consists of a scale 1-5 and 1 being strongly disagree and 5 being 
strong agree. The questions AQ8, AQ10, AQ2, AQ13 consists of a scale 1-5 and 1 being 
strongly disagree and 5 being strong agree. The questions AQ9 and AQ11 has the scale 1-5 
and 1 being very slow and 5 being very fast. Most participants strongly agreed that they could 
see both truck info panel and current task panel placed 5 and 10 meters in front of them (see 
AQ1- AQ4 in figure 5.1.1).  In general, most participants agreed that the cad 3D model of an 
excavator placed at 2 meters and 4 meters was sharp and clear. However, when the cad 3D 
model of the excavator was placed 8 meters most participants said sharpness and clearness of 
the object was average (see AQ5 – AQ7 in figure 5.1.1).  More than half of the participants 
agreed that the voice command recognition capability of the Microsoft Hololens was 
exceptional but the others strongly agreed that it was exceptional (see AQ8 in figure 5.1.1). In 
general, the participants felt that the response time when saying the voice command “Show all 
machines” was very fast, but some felt that it was only fast (see AQ9 in figure 5.1.1).  It can 
be seen that more than half of the participants felt that using the voice command “exit” to 
close the panel was smoother than using click hand gesture to close it (see AQ10 figure 
5.1.1).  Many also strongly agreed that the response time when using hand gesture click on the 
cad 3D model of the excavator to close it was very fast (see AQ10 in figure 5.1.1). Many 
participants felt that the Microsoft Hololens was not that comfortable to wear on the head but 
however they did not strongly agree that the Microsoft Hololens was irritating the eyes (see 
AQ12 – AQ13 in figure 5.1.1).  
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The figures 5.1.2, 5.1.3, 5.1.4 contains the answers that the participants gave for the interview 
questions for evaluation of user experience. The interview question was to identify the reason 
for why the participant choose the specific score value for the question.  

 Participant 1 Participant 2 
Questions   
AQ8 “The voice commands 

worked, but it was slow in 
picking up when I said 
them” 

“The Hololens picked up my 
voice without the need to 
say it again” 

AQ9 “The  response was quick, 
barely noticed the time it 
took to process the voice but 
this only happened when it 
understood the voice 
command” 

“The response was sudden, 
it responded directly after I 
said the voice command” 

AQ10 “The voice command exit 
was good but however the 
hand gesture would have 
been better because 
sometimes it didn’t 
recognize the voice 
command” 

“The voice command was 
really smooth, because it 
only requires to say the 
command while the hand 
gesture requires specific 
moves which are a bit hard 
to do” 

AQ12 “There was a lot of weight 
on my forehead and that 

“There was a lot of weight 
on the nose side and it 

Figure 5.1.2 
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made it uncomfortable but it 
was ok to wear it for a 
limited period of time” 

started to hurt my nose after 
some time of using it” 

 Participant 3 Participant 4 

Questions   
AQ8 “The voice command was 

superb when it understood 
what I said” 

“No problem with the voice 
command the Microsoft 
Hololens understood my 
voice clearly” 

AQ9 “I didn’t experience any lag 
in the response it was super-
fast” 

“The response time was fast, 
couldn’t feel any lag” 

AQ10 “The voice command was 
more easier and smooth to 
use rather than using hand 
gestures” 

“The voice commands are 
more familiar because it is 
like talking to a person while 
the hand gesture are tiring to 
do for a long time” 

AQ12 “I felt a lot of weight on the 
head and also on my nose, 
which made me want to take 
it off” 

“It was very comfortable, no 
pain or irritation” 

 Participant 5 
Questions  
AQ8 “The voice command simple 

but it took a few times 
before it understood” 

AQ9 “The response was fast, I 
could sense it took time to 
process the voice command 
but it was still quick it was 
instantaneous.” 

AQ10 “The voice command didn’t 
sometimes recognize what I 
said so because of that the 
hand gesture was always 
recognized without any 
problem” 

AQ12 “It was comfortable, almost 
like wearing sun glasses” 

Figure 5.1.3 

Figure 5.1.4 
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The figure 5.1.5 shows the average score each question has got and when looking at in 
general it can be seen that the average score for all the questions together is very high (above 
4) but however AQ13 had the lowest score of 2.8.  

  

  

From the gathered result, the figure 5.1.6 illustrates the overall value each aspect of the user 
experience and the quality of visualization has received. Many people agreed and strongly 
agreed that the visualization aspect is exceptional when rendering panels with texts and 3D 
objects with different distances (see Quality of Visualization in figure 5.1.6). Many of the 
participants strongly agreed and agreed that the interaction aspect which contains both voice 
commands and hand gestures were remarkable and the response times war almost 
instantaneous (see Interaction in figure 5.1.6). As the participants were 5 different people they 
also have their own experiences and own influences that can have been a factor when they 
answered the question. In general, many of the participants felt that the Microsoft Hololens 
was lacking a lot of usability features, such as it was not comfortable to wear and even 
irritating in the eyes (see Usability in figure 5.1.6). 

 

 

 

 

 

 

Figure 5.1.5 
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 It can be concluded that the user experience is on the average level meaning that it is in-
between low and high level when combining the different aspects together, the reason for this 
is because the device offers many ways to interact and that increases the user experience 
because it targets a wide group of people but however voice commands sometimes took more 
time to understand because of the dialect and pronunciation differences. The quality of 
visualization is very high on the rendered text and 3D CAD models which can be seen in 
figure 5.1.6 where it received the score 4.6 out of maximum 5. 

  

Figure 5.1.6 
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5.2 Research Question 2 
  

The research question consists of by two different surveys, Appendix B and Appendix C 
contains the questions that were used for the survey.  

The participants had different impressions when they experienced the response time for the 
image target black & white pattern while the target was 1 meter away and the size of the 
pattern was both half and full A4 size. Some felt that the response time was slow while some 
felt that it was average and very fast (see BQ1 - BQ2 in figure 5.2.1). When the image target 
was the magazine, most participants felt that the response time was between fast and very fast 
(see BQ3 in figure 5.2.1). When the distance of the image targets black & white pattern, Color 
pattern and magazine object was increased to 3 meters and 5 meters all the participants did 
not get a response that the SDK had identified the target (see BQ7-BQ12).  The participants 
felt that when looking at the image target with an angle of view at 45 degrees the response 
time was mainly very fast and fast but some felt that it was an average response time (see 
BQ13 in figure 5.2.1). For the magazine as an image target with an angle of view at 45 
degrees most of the participants felt that it had a quick response time (see BQ14 in figure 
5.2.1). When the image targets magazine, black & white pattern and color pattern was moved 
while Vuforia identified the image target, the participants strongly agreed and agreed that it 
was stable and did not lose connection when the movement started (see BQ16-BQ18 in figure 
5.2.1). 
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The figure 5.2.2 shows the average result for the different aspect of the Vuforia SDK. Most of 
the participants felt that the response time when the SDK detected an image was between 
slow and average (see response time in figure 5.2.2). Many felt that when the image target 
was moved further away it decreased the chances of the SDK recognizing the target (See 
distance from target in figure 5.2.2). Most participants felt that the angle of view did not affect 
the response time from when looking at the image directly (see angle of view in figure 5.2.2). 
In general, the participants felt that when the image target was moving the Vuforia SDK was 
stable without losing the connection with the image target (see moving target in figure 5.2.2).  
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The figure 5.2.3 shows the result of the survey for the ARToolKit SDK. Most participants felt 
that the response time when the image black & white pattern placed 1 meter away was fast 
some felt it was only fast (see CQ1 in figure 5.2.3).  Many participants felt that when the 
target was placed 3 meters away the response time was still very fast (see CQ5 in figure 
5.2.3).  In general, the participants were impressed that the SDK had identified the target 
when the distance was increased to 5 meters, 7 meters, 9 meters and 12 meters however some 
participants did not get a response that the SDK had identified the target (see CQ8-CQ11 in 
figure 5.2.3) 
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The figure 5.2.5 shows the average result of each aspect for ARToolKit SDK. In general, the 
participants felt that the response time was in between fast and very (see response time in 
figure 5.2.5). This can be compared to the figure 5.2.2 which shows the average aspect for 
Vuforia SDK where the response time received the score 2.6 while ARToolKit received the 
score 4.7.  The participants in general agreed that the for the different distances the target was 
moved it was still identified by the SDK (see distance from target in figure 5.2.5) while in 
Vuforia SDK many participants disagreed and strongly disagreed that the target was identified 
(see distance from target in figure 5.2.2). Most participants felt that the angle of view did not 
affect the and the target was identified (see angle of view in figure 5.2.5) but however in 
Vuforia SDK some participants felt that the angle of view affected the target and no response 
was shown which contradicts what ARToolKit SDK shows (see angle of view in figure 
5.2.2).  Many participants felt that when the target was moving the stability was only on the 
level to agree sometimes it would lose connection but connect again quickly (see moving 
target in figure 5.2.5) however in Vuforia SDK all the participants felt that it was very stable 
(see moving target in figure 5.2.5). 

  

  

 

It can be concluded that there are many differences between Vuforia SDK and ARToolKit 
SDK. The figure 5.2.2 shows the average result for each aspect for the Vuforia SDK and the 
figure 5.2.5 shows the aspects of ARToolKit SDK. These two figures show that there are 
differences in the aspects response time, distance from target, angle of view and moving 
target.   
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5.3 Research Question 3 
  

This research question is answered by collecting data from surveys and interview conducted 
by us and in section 4.4 of this thesis a detailed description of the artifact and the reason for 
why the implementation of this artifact is required for the research question 3. The survey and 
interview questions can be found in Appendix D.  

The questions DQ1-DQ2 had the scale 1 -5 and 1 being very slow and 5 being very fast. The 
question DQ3 had the scale 1-5 and 1 being strongly disagree and 5 being strongly agree. 
Majority of the participants felt that the response time it took for the miniature vehicle to 
move when saying the voice command “move forward” was fast while the rest said that it was 
average (See DQ1 in figure 5.3.1). In general, the participants felt that the response time when 
saying the voice command “move back” was fast while some said average and slow (see DQ2 
in figure 5.3.1). Two of the participants strongly agreed that it felt practical to use Microsoft 
Hololens to control the movement of a vehicle and one participant agreed. However, 2 
participants felt that it was average instead they wanted to have some other form way of 
controlling a vehicle such as using a mobile application (see DQ3 in figure 5.3.1). 
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Figure 5.3.2 gives an average score for each question. The response time when saying the 
voice command “move forward” has the score 3.6 which basically means that it is average but 
leaning towards fast (see DQ1 in figure 5.3.2). Like previously described for the figure 5.3.1 
the response time when saying the voice command “move back” has the score 3.4 which 
means it is on the average level (See DQ2 in figure 5.3.2).  Most of the participants felt that it 
was practical to use Microsoft Hololens to control the movement of a vehicle and it has a 
score of 4 which means it is fast (see DQ3 in figure 5.3.2). 
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The figures 5.3.3, 5.3.4 and 5.3.5 shows the answers of the participants for the interview 
question and most of the participants did feel that the Microsoft Hololens does give an 
advantage which is to be able to see the real world while having access to virtual data on the 
screen. However, there are many factors that can affect the use of the device outdoors and for 
controlling the movement of a vehicle.  

  

 

 

 

  

  

 

 

 

 

 

 

 

 

 Participant 1 Participant 2 
Questions   
DQ4 “yes, definitely the Hololens 

offers the user to view 
information about the 
machine while seeing the 
real-world environment 
which helps in avoiding 
incidents in a construction 
site” 

“yes, it does make it helpful 
but however the light is 
affecting the Hololens like 
now when it is a bit bright 
outside it is making it harder 
to see the panel showing 
what the voice commands 
are" 

 Participant 5 

Questions  
DQ4 “Controlling a vehicle using 

voice command seems a bit 
risky because one can say 
something without thinking 
that there is a voice command 
action for that word then it 
would cause unwanted 
movement of the vehicle, but 
however it is helpful the 
Hololens does give the user an 
extra hand by giving the 
opportunity to see everything 
with real-time machine data on 
top of the real-world. ” 

 Participant 3 Participant 4 
Questions   
DQ4 “The device is offering an 

upper hand in making the 
constructions site workers 
making it more effective and 
easy because the workers can 
see everything from standing 
at one place but the weather 
conditions outdoor can affect 
the device negatively so yes” 

“yes, I would find it helpful but 
however controlling a vehicle 
using voice commands doesn’t 
seem right would prefer to 
have some kind of mobile 
application with buttons” 

Figure 5.3.5 

Figure 5.3.4 

Figure 5.3.3 
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The results show that it is possible to control a miniature version of a vehicle object and that 
many of the user felt that the response time in the beginning was fast but then the response 
time started to decrease. Many of the participants confirmed that it is practical to use 
Microsoft Hololens to control the movement of a vehicle since the device offers the ability to 
look at the vehicle while giving voice commands to control it while also being able to see the 
real-world environment (see figures 5.3.3, 5.3.4, 5.3.5). 
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6. Analysis 
 

This analysis section contains discussion related to the research questions and the factors that 
played a big role when gathering our results. 

   

6.1 Research Question 1 
  

In figure 5.1.1 the participant 5 has given the score 4 for the questions AQ1 and AQ3 while 
the rest of the participants gave the score 5 for the questions AQ1-AQ3. The questions were 
about two different panels placed at two different distances from the users view in the 
Microsoft Hololens. The participant felt that the panel wasn’t clear but there are many factors 
that could have caused this because the participant in question AQ4 did strongly agree that 
he/she could read the text in the panel when placed 10 meters away. The factors that could 
have affected is the lighting both from outdoor and indoor lighting since if the lightning 
around the device is too bright it can affect the rendered objects and it will make it harder to 
read and see texts and panels. As the room, we did this survey part in was very bright most 
likely the participant was looking a bit towards the light and it temporarily affected his field 
of view. However, this participant has been using Microsoft Hololens before so the user does 
have experience in using the device which could also contribute to the fact that the user 
slightly noticed that the text on the panel became a bit blurry. Another reason, can be that we 
all have different eye sight, some can see text from long distance while some can have a hard 
time reading text on short sight so the participant could have low vision in short distance.   

In figure 5.1.1 in question AQ6 which involves rendering the 3D CAD model of an excavator 
with a distance of 4 meters away from the user participant 1 and participant 2 answered that 
the sharpness was on agreeable level but not strongly agree. In question AQ7 participant 1, 2 
and 3 answered that the sharpness when the 3D CAD model of an excavator was placed 8 
meters away it was average in sharpness quality. Participants 4 and 5 felt that it was at an 
agreeable level but they did not strongly agree that the sharpness was high. When an object 
gets moved further away from the user, the object gets compressed so the object becomes 
smaller in size and this means the use of less pixels. It is almost like when having an image 
and you are trying to make the image smaller and you will reach a point when the image starts 
to get blurry because it is almost impossible to compress the number of pixels the picture has. 
Mathieu Garon et al [8] had the same problem when being further away the sharpness of the 
dragon object that he is laying on top of the real-world plastic dragon object started to 
decrease. Another factor, is that the participants were focusing on different parts of the 
excavator model and certain parts were more sharp than others, like the continuous track was 
sharp while the driver inside cad model was a bit blurry when the object went further. Three 
of the participants have a background in mechanical engineering they are participants 1, 2 and 
3 and they have a lot of experience working with CAD 3D models so they clearly expected 
much better quality from the Microsoft Hololens which definitely had an input value when 
they answered the question. These CAD 3D models were really huge files, and the Microsoft 
Hololens had a hard time rendering the object which put a high load on the CPU and it can 
have affected the performance by making it blurry in certain areas to compensate for the lack 
of CPU and GPU power. 
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Many of the participants agreed that Microsoft Hololens was good enough (see AQ8 in figure 
5.1.1). The reason why they were unable to strongly agree was that participant 1, 3 and 5 had 
to say the voice command a few times before the Microsoft Hololens understood the 
command (see AQ8 in figures 5.1.2, 5.1.3 and 5.1.4). They all had different background and 
different dialect which contributes pronouncing the words with emphasizes on certain words 
making the Hololens unable to understand it correctly. Participant 2 and 4 had an American 
and Swedish background so when they said the voice command it understood it quickly 
without the need to say it again.  

In figure 5.1.1 for question AQ10 the participants 2, 3 and 4 strongly agreed that the voice 
command was better than the hand gesture click to close the panel. The participants 1 and 5 
agreed that voice command was better than hand gesture but however they said that the device 
had sometimes a hard time to pick up the voice command and this resulted with no response 
from the device. So, in a situation like that they would have preferred hand gesture click 
instead of voice command. While participants 2,3 and 4 said that the voice command was the 
best since the hand gesture requires specific moves for it to recognize and after using that 
hand gesture for a long time they get tired. Participant 5 has had experience with Microsoft 
Hololens before and the participant insisted that after using the hand gesture click with the 
Microsoft Hololens it makes the fingers tired and that wouldn’t be that practical. Yun Suk 
Change et al [10] did an evaluation of the gestures for augmented reality for use with 
Microsoft Hololens where he gave the participants the chance to draw mid-air drawings but 
most of the participants felt that the hand gesture used with mid-air drawing was a bit hard 
and they preferred surface-drawing [10].  

The participants 1, 2 and 3 felt that the Microsoft Hololens was not comfortable on their head 
(see AQ12 in figure 5.1.1). They said that the weight of the device was leaning towards their 
forehead and nose so at the end the full weight of the device was on their nose. The factors 
that have caused this are few, as we all are different which includes different head size and 
that is really important because if the head size is too small then the device will end up 
moving towards leaning on the nose. However, participants 4 and 5 felt that the Microsoft 
Hololens was like wearing sun glass without having any extra weight on the nose. Participant 
5 did have experience with the Microsoft Hololens so that makes that participant more used to 
the device.   
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6.2 Research Question 2 
  

In figure 5.2.1 the questions BQ7-BQ12 is about when the image target is moved to different 
distances, the three different patterns and images are moved to 3 and 5 meters away from the 
device. All of the participants have responded with strongly disagree that they were unable to 
see the response that the image target has been detected. Alexandro Simonetti Ibañez et al [6] 
used a mobile device with the Vuforia SDK to target images and patterns and there were some 
distance limits once the distance limits were exceeded the image target wouldn’t be detected.  
When they were using the Samsung mobile device the max distance they could be from the 
image target was 131.73 cm while in our survey the question was at distance of 300cm away 
from the image target. The camera quality and the camera lens plays a huge role which is 
showed by the study by Simonetti Ibañez et al [6]. Another important factor is how the 
algorithm for image detecting is built for the Vuforia because if we look at figure 5.2.3 at 
questions CQ8, CQ9, CQ10, CQ11 it is almost the exact question that was used in the Vuforia 
SDK question but the distance of the targets is 5, 7, 9, 12 meters and here some of the 
participants could see the response that the image was detected. It can clearly be seen that the 
image detection is not that stable because some participants are able to see it while some 
aren’t like mentioned earlier in the report this ARToolKit SDK is not an official release to be 
used with Microsoft Hololens instead it is an SDK that has the same functionalities as the 
ARToolKit but is wrapped to be able to use with windows 10 devices by Long Qian [3]. 
Another factor than can affect the accuracy of image detection is the lighting and if the image 
target reflects light then the SDK won’t be able to interpret it because the unique fiducial 
markers on the image can’t be identified.  

In figure 5.2.1 the questions BQ16 – BQ18 where the average score is around 4 which means 
that most of the participants accept that when the image target is moving it is still stable to 
some extent. Hirokazu Kato et al [7] created a head mounted display which detects images 
and portrays a user on it and in their experiment, they identified that when the target is 
moving the image detection algorithm loses the target and it identifies it again. In figure 5.2.3 
question CQ13 covers the same moving target aspect and the average score for it on the 
ARToolKit SDK is also around 4.  The factors that can affect the SDK when the target is 
moving is based on how fast the target moves, because when the target moves slow most of 
the participants agreed that the response on the Hololens is stable while the target is moved 
fast it loses the connection but however it can reconnect once it has identified it.  
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6.3 Research Question 3   
  

 In this final research question the evaluation was about experience on controlling a vehicle 
remotely using HoloLens device. The first question was how fast did the vehicle responded to 
the voice command from the user. As showed in the diagram in figure (see DQ1 5.3.1), 
participants 1,2 and 3 felt that the response time after saying the voice command was fast 
while participants 4 and 5 said it was average speed. There is a factor that caused this 
difference between the participants, the engineer that was part of the group building those 
miniature vehicles said that the chip controlling the speed and taking in data from the MQTT 
protocol started to get warm which made the voice commands to lag because it took more 
time for the machines to process it.  That is why there is a difference between the participants 
because the more time it was apart the warmer the machine started to get. This was the same 
for the voice command to move the vehicle back (see DQ2 in figure 5.3.1) 

In figure 5.3.3, 5.3.4 and 5.3.5 where the participant was asked to put himself or herself into 
the situation of being a construction site worker or manager and see from their perspective if 
the Microsoft Hololens would help them at a construction. Most of the participants said that 
the device would help but however there are many weather aspects that can affect what the 
user sees on the device. Since the day we did that survey it was very sunny and bright and the 
sun shined directly into where we were doing the survey it made it harder for the user to see 
the panel containing the voice commands.  
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7. Conclusion 
 

This section will conclude and summarize what was discussed in both the result and 
discussion section and connect with the theoretical conclusion that was based on the work in 
the same field as ours.  

In relation to research question 1, “How is the user experience and quality of visualization 
when using an AR application on Microsoft Hololens to interact with automotive vehicle 
objects?” The user experience is on an average level, meaning that the device offers many 
ways to interact but however voice commands have some lack in being efficient when the 
pronunciation differs. The gesture input works flawlessly but that specific movement with the 
finger is not that easy to perform. There are some usability aspects such as irritating eyes and 
weight on the nose that is making it uncomfortable for the user. The quality of visualization is 
high of all the objects and text that was rendered and in different distances the object rarely 
decreased in quality. 

In relation to research question 2, “In what ways does the Augmented Reality object 
recognition API Vuforia and ARToolKit differ and what impact does it have on the AR 
application?” Vuforia SDK and ARToolKit SDK differs in all the aspects response time, 
distance from target, angle of view and stability when the target is moving. The impact this 
has on the AR application is that when being far away from the targeted image target there 
will be no response because the SDK has not been able to identify the target because it is too 
far away. Or it has identified it but the response time was longer than what we people are used 
to nowadays which is having quick responses.  

In relation to research question 3, “Can an AR application using Microsoft Hololens be used 
to control the movement of an automotive vehicle object and if so how practical is it to use 
Microsoft Hololens to control the movement of the vehicle object?” Yes, Microsoft Hololens 
can be used to control the movement of an automotive vehicle object and it is practical 
because it offers the ability to see virtual objects, information while looking at the real-life 
vehicle when controlling it.  
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8. Future Works 
 

 There are many different aspects that still can be considered when it comes to 
the Augmented Reality device Microsoft Hololens. In our thesis, we considered the overall 
user experience and how the different object recognition SDK work and how they differ. This 
aspect can be investigated deeper by analyzing the algorithm these two object recognition 
SDK’s use and see if altering the algorithm can result in the object recognition SDK 
becoming more effective in identifying the image targets. In our research, we focused on the 
image targeting aspect of the object recognition SDK while the SDK actually offers many 
other types of detection methods. A comparison of the different types of detection methods to 
use with Microsoft Hololens to discover the method that works the best.  

 Another important Augmented Reality application that can be built using the 
Microsoft Hololens is the ability to create a virtual object of the real-world environment and 
using GPS position of either a machine or vehicle or some form of object to place that 
position on the virtual object of the real-world environment to be able to find the object and to 
know where the object is located giving the user the advantage of seeing the object in a bird 
view perspective. This can contribute to what we have accomplished in our thesis and upgrade 
it to fit the specific environment of a construction site.  
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Appendix A 
 

Visualizations: 
 
AQ1. I was able to read the text in the “Truck Info panel” which is placed 5 meters from the 

camera view of the Hololens 
AQ2. I was able to read the text in the “Truck Info panel” which is placed 10 meters from 

the camera view of the Hololens 
AQ3. I was able to read the text in the “Current Task panel” which is placed 5 meters from 

the camera view of the Hololens 
AQ4. I was able to read the text in the “Current Task panel” which is placed 10 meters 

from the camera view of the Hololens 
AQ5. I felt that the CAD 3D model of the excavator machine was sharp when the model is 

placed 2 meters away from the camera of the Hololens. 
AQ6.  I felt that the CAD 3D model of the excavator machine was sharp when the model is 

placed 4 meters away from the camera of the Hololens. 
AQ7. I felt that the CAD 3D model of the excavator machine was sharp when the model is 

placed 8 meters away from the camera of the Hololens. 
 

Interaction: 
 

AQ8.  I felt that the voice command recognition of the Microsoft Hololens was good enough 
AQ9.  I felt that when using the voice command “show all machines” the response time was 

good enough 
AQ10. I felt that when using voice command “exit” was better than to use the hand gesture of 

clicking on the all vehicles panel to close it 
AQ11. I felt that when I used hand gesture to click on the CAD 3D model of the excavator the 

response time was. 
 

Usability: 
 
AQ12. I felt that the Microsoft Hololens was comfortable to wear on my head. 
AQ13. As the Hololens view is close to the eyes, I was able to feel some irritation created by 

the brightness of the rendered TruckInfo Panel 
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Appendix B 
 

Response time:  
 
BQ1. How did you experience the response time of the object recognition SDK A when the 

image target (Black and White pattern) is half A4 size and the target is 1 meter away 
from you 

BQ2. How did you experience the response time of the object recognition SDK A when the 
image target (Black and White pattern) is full A4 size and the target is 1 meter away 
from you 

BQ3.  How did you experience the response time of the object recognition SDK A when the 
image target (Magazine) is full A4 size and the target is 1 meter away from you 

BQ4. How did you experience the response time of the object recognition SDK A when the 
image target (Magazine) is full A4 size and the target is 2 meter away from you 

BQ5. How did you experience the response time of the object recognition SDK A when the 
image target (Color pattern) is half A4 size and the target is 1 meter away from you 

BQ6. How did you experience the response time of the object recognition SDK A when the 
image target (Color pattern) is full A4 size and the target is 1 meter away from you 
 

Distance from target:  
 

BQ7. SDK A recognized the image target (Color pattern) full A4 size and the target is 3 
meter away from you 

BQ8. SDK A recognized the image target (Magazine) full A4 size and the target is 3 meter away 
from you 

BQ9.  SDK A recognized the image target (Color pattern) full A4 size and the target is 5 meter 
away from you 

BQ10. SDK A recognized the image target (Magazine) full A4 size and the target is 5 meter away 
from you 

BQ11.  SDK A recognized the image target (Black and White pattern) full A4 size and the target 
is 3 meter away from you 

BQ12. SDK A recognized the image target (Black and White pattern) full A4 size and the target 
is 5 meter away from you 

 

 

Angle of view:  
BQ13. SDK A recognized the image target (Black and White pattern) full size A4 and the 

distance is 1 meter and the angle of view is 45 degrees 
BQ14. SDK A recognized the image target (Magazine) full size A4 and the distance is 1 meter 

and the angle of view is 45 degrees 
BQ15.  SDK A recognized the image target (Color pattern) full size A4 and the distance is 1 
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meter and the angle of view is 45 degrees 
 

Moving targets:  
BQ16. SDK A was stable when the recognized image target (Black and white pattern) full 

size A4 started to move.  
BQ17. SDK A was stable when the recognized image target (Magazine) full size A4 started to 

move. 
BQ18. SDK A was stable when the recognized image target (Color pattern) full size A4 started to 

move.   
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Appendix C 
 

Response time:  
 
CQ1. How did you experience the response time of the object recognition SDK B when the 

image target (Black and White pattern) is half A4 size  and the target is 1 meter away 
from you 

CQ2. How did you experience the response time of the object recognition SDK B when the 
image target (Black and White pattern) is full A4 size and the target is 1 meter away 
from you 

CQ3.  How did you experience the response time of the object recognition SDK B when the 
image target (Black and White pattern) is half A4 size and the target is 2 meter away 
from you 

CQ4.  How did you experience the response time of the object recognition SDK B when the 
image target (Black and White pattern) is full A4 size and the target is 2 meter away 
from you 

CQ5. How did you experience the response time of the object recognition SDK B when the 
image target (Black and White pattern) is full A4 size and the target is 3 meter away 
from you 

CQ6. How did you experience the response time of the object recognition SDK B when the 
image target (Black and White pattern) is half A4 size and the target is 3 meter away 
from you 

CQ7.  How did you experience the response time of the object recognition SDK B when the 
image target (Black and White pattern) is full A4 size and the target is 4 meter away 
from you 
 
 

Distance from target:  
 

CQ8. SDK B recognized the image target (Black and White pattern) full A4 size and the 
target is 5 meter away from you 

CQ9. SDK B recognized the image target (Black and White pattern) full A4 size and the target 
is 7 meter away from you 

CQ10.  SDK B recognized the image target (Black and White pattern) full A4 size and the target 
is 9 meter away from you 

CQ11.  SDK B recognized the image target (Black and White pattern) full A4 size and the target 
is 12 meter away from you 
 
 

Angle of view:  
 

CQ12.  SDK B recognized the image target (Black and White pattern) full size A4 and the 
distance is 1 meter and the angle of view is 45 degrees 
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Moving targets:  
 

CQ13. SDK B was stable when the recognized image target (Black and white pattern) full size A4 
started to move. 
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Appendix D 
 

DQ1. How did you experience the response time it took for the machine to move after saying 
the command “move forward”? 

DQ2. How did you experience the response time it took for the machine to move after saying 
the command “move backward”? 

DQ3. Did you feel it is practical to use Microsoft Hololens as a control machines remotely? 
DQ4. If you were a construction site worker or manager. Would you find it helpful to use 

Microsoft Hololens with the AR application that will give an overview of all the 
machines and give the ability to control them?  

 


