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Abstract

Visualization of underground infrastructures, such as pipes and cables, can be useful for
infrastructure providers and can be utilized for both planning and maintenance. The 
purpose of this project is therefore to develop a system that provides interactive 
visualization of underground infrastructures using mixed reality.  This requires 
positioning the user and virtual objects outdoors, as well as optimizing the system for 
outdoor use. To accomplish these, GPS coordinates must be known so the system is  
capable of accurately drawing virtual underground infrastructures in real time in 
relation to the real world.

To get GPS data into the system, a lightweight web server written in Python was 
developed to run on GPS-enabled Android devices, which responds to a given HTTP 
request with the current GPS coordinates of the device. A mixed reality application was
developed in Unity and written in C# for the Microsoft HoloLens. This requests the 
coordinates via HTTP in order to draw virtual objects, commonly called holograms, 
representing the underground infrastructure. The application uses the Haversine 
formula to calculate distances using GPS coordinates. Data, including GPS coordinates,
pertaining real underground infrastructures have been provided by Halmstad Energi och
Miljö.

The result is therefore a HoloLens application which, in combination with a Python 
script, draws virtual objects based on real data (type of structures, size, and their 
corresponding coordinates) to enable the user to view the underground infrastructure. 
The user can customize the experience by choosing to display certain types of pipes, or 
changing the chosen navigational tool. Users can also view the information of valves, 
such as their ID, type, and coordinates. Although the developed application is fully 
functional, the visualization of holograms with HoloLens outdoors is problematic 
because of the brightness of natural light affecting the application’s visibility, and lack 
of points for tracking of its surroundings causing the visualization to be wrongly 
displayed.
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Sammanfattning

Visualisering av underjordisk infrastruktur, som till exempel ledningar och kablar, kan 
vara användbart för infrastruktursleverantörer och kan användas till både planering och 
underhåll. Syftet med projektet är därför att utveckla ett system som möjliggör 
interaktiv visualisering av underjordisk infrastruktur med hjälp av mixed reality. Detta 
kräver positionering av både användaren och virtuella objekt utomhus, samt optimering
av systemet för utomhusbruk. För att detta ska vara möjligt måste GPS koordinater vara
kända så att systemet är kapabelt att exakt kunna rita upp den underjordiska 
infrastrukturen i realtid i relation till verkligheten.

För att få in GPS data i systemet, utvecklades en web server skriven i Python för att 
kunna köra på GPS kapabla Android enheter, som svarar på en given HTTP förfrågning
med enhetens nuvarande GPS koordinater. En mixed reality applikation utvecklades i 
Unity och skrevs i C# för Microsoft HoloLens. Denna frågar efter koordinaterna via 
HTTP för att kunna rita upp virtuella objekt, ofta kallade hologram, som representerar 
den underjordiska infrastrukturen. Applikationen använder sig av Haversine formeln 
för att räkna ut distanser med hjälp av GPS koordinater. Datan, inklusive GPS 
koordinater, avseende verkliga underjordiska infrastrukturer har försetts av Halmstad 
Energi och Miljö. 

Resultatet är således en HoloLens applikation som, i kombination med ett Python 
script, ritar upp virtuella objekt baserat på verklig data (typ av struktur, storlek, och 
deras koordinater) för att göra det möjligt för användaren att se underjordiska 
infrastrukturer. Användaren kan anpassa upplevelsen genom att visa särskilda typer av 
rör, eller genom att ändra det valda navigationsverktyget. Användare kan även se 
information om ventiler, så som deras ID, typ, och koordinater. Även om den 
utvecklade applikationen är fullt fungerande, så är visualiseringen av hologram 
utomhus med HoloLens problematisk på grund av styrkan på det naturliga ljuset vilket 
påverkar applikationens synlighet, och brist på visuella utgångspunkter för att kunna 
kartlägga sin omgivning vilket orsakar att visualiseringen blir felaktigt uppvisad. 
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1 Introduction
Mixed reality is a relatively unknown term when compared to virtual- and augmented 
reality. It is the concept of viewing virtual objects in the real world, and it can enable 
and facilitate many facets of work, such as previewing prototypes before production, 
guiding a person towards a location or visualizing hard to see objects [1]. This project 
will explore the latter by creating a mixed reality application to enable interactive 
visualization of underground infrastructures, such as pipes and valves. Real data from 
underground infrastructures from Halmstad was provided by Halmstad Energi och 
Miljö (HEM) [2], who helped the project as they have an interest in it, being providers 
of heating and cooling services via underground infrastructures.

1.1 Purpose
The purpose of this project, as previously mentioned, is to develop a mixed reality 
system to enable visualization and interaction with virtual objects representing 
underground infrastructures, such as cables and pipes (see Figure 1). Ideally, the results 
of this project will facilitate visualization, planning and maintenance of structures. 

Figure 1: Conceptual user interface for the proposed system.

1.2 Goals and problems
This project has the objective of addressing the following questions:

● How to locate and position the user outdoors using geolocation provided by 
GPS? 

● How to enable support for GPS for a mixed reality capable device, how to get 
data into the device and transform it into something its own coordinate system 
can understand?

● Given the geographical position and other information about the objects of the 
underground infrastructure of HEM, how are virtual objects created on the 
surface in the correct position in relation to the physical world?

● How to enable user interaction with the created virtual objects and record 
changes in their positioning?
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In order to answer these questions, requirements that the project needs to fulfill have 
been set. Only some are presented here, the rest are present in the requirements 
specification (appendix A).

● The system must be able to retrieve GPS data (2.4.2).
● The system must be able to correctly place virtual objects by comparing real 

data to GPS coordinates (3.4.2).
● The system could have editing capabilities to adjust incorrect points (3.4.6).

1.3 Limitations
The project was envisioned with mixed reality in mind, and as the HoloLens is the 
provided device, the project will be closely tied to the headset. The developed 
demonstration will act as a proof of concept and therefore may not have fully fledged 
features or have the necessary precision for professional use. The security aspect and 
optimization of the demonstration are seen as low priority.
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2 Background
The background includes related work done on the matter of this report. Relevant 
theories used throughout the report and information about the different methods are also
covered. The concepts of virtual-, augmented-, and mixed reality are explained and their
differences and similarities are presented, along with examples of devices supporting 
the different techniques. The development environment and theories used to accurately 
place a person and calculate distances on Earth are also explained. 

2.1 Related work
An online visualizer has been created, displaying underground infrastructure based on 
images and videos [3]. The infrastructure is superimposed on top of the input media, 
after which it looks as if x-ray vision is used to view it. The drawback of this method is 
seemingly not being able to view the infrastructure in real-time, reducing its practical 
usability.

Another project has been done relating to real-time visualization of this type of data 
using an AR device [4]. The AR device is a tablet PC with various sensors attached. It 
can be mounted on a tripod, or worn using a strap. While functional, the AR device is 
large and clunky compared to the flexibility provided by the HoloLens being a headset.

A project using AR to visualize underground infrastructure [5] has been concluded. A 
laptop was used to power a handheld device that consists of a screen to visualize the 
information, a GPS receiver to locate the user, a camera to record the image that the 
virtual content is superimposed on, and various controls for navigating the software. 
The goal of the project was to develop a system to aid workers in maintenance, planning
and surveying of underground infrastructure. 

A company called Meemim has created a tool called vGIS that turns GIS, CAD and 
other types of data into mixed reality visuals [6]. The tool is available as an augmented 
reality application for iOS and Android devices. The tool is also available as a true 
mixed reality application developed for the Microsoft HoloLens [7].  vGis has been 
tested by the municipal of Toms River, New Jersey. The municipal tested the tool to 
facilitate maintenance and construction of their infrastructure, and to ease cooperation 
between different agencies [8]. 

There is little information about using the HoloLens outdoors. Peter Neil, CEO of BIM 
Holoview wrote an article [9] about the problems of interference from sunlight. BIM 
Holoview is an application made for the HoloLens to make it possible to visualize 
models of building plans in full scale on the actual construction site [10]. Their main 
problem was that direct sunlight made the holograms hard to see and overcame that by 
adding secondary tinted lenses in front of the already existing lens [9]. This yields the 
same result as wearing sunglasses on a sunny day.  

2.2 Mixed Reality
Mixed Reality (MR) is a term describing the interactivity between the physical and the 
virtual world [11]. To best describe MR, one can first describe the concepts of Virtual 
Reality (VR) and Augmented Reality (AR).
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2.2.1 VR
As its name implies, VR places the user inside of a virtual reality. Using a VR headset, 
the user is placed in a virtual environment containing virtual objects. They may move 
and look around in the environment with the help of head-tracking, making the user feel
as if they are located within that environment [11]. They are also able to interact with 
objects within a VR application by using a controller. The user is not able to see the real
world as the headset is occluded, and they cannot directly interact with the objects.

Various VR headsets are available. Oculus Rift [12] and PlayStation VR [13] headsets 
require the user to place sensors to allow the headset to determine the user’s position to 
make the user able to freely move around within the virtual environment, so long as 
they are within the range of the sensors. These are often reliant on external devices to 
function. Headsets such as Google Cardboard [14] and Nintendo Labo VR [15] allow 
for single screen non-VR devices to act as the headset’s display by rendering a scene 
using two cameras and display them on one half of the screen each. Lenses in these 
headsets then magnify each half to avoid double vision and to create the feeling of VR. 
These provide easy access to VR as the user most likely already has one of these 
devices and buying the headset is cheaper than premium alternatives as they are made 
of cheaper materials.

2.2.2 AR
AR is a term which places holograms in the real world with the help of a device. Using 
a device with a camera and screen, the user can view holograms at places in the real 
world, thereby augmenting reality [11]. The user can see the world around them as the 
device is external, and they cannot directly interact with the hologram, only being able 
to move it with the help of e.g. a touchscreen.

AR capable devices are more widespread than VR devices, as the feature is 
implemented in most smartphones. Many apps use this feature, such as Pokémon GO 
[16] and soon Google Maps AR [17]. There are multiple ways of implementing AR 
functionality [18] and it can differ depending on the device. Relevant to this section is 
video see-through AR, as found in most smartphones. These have an object overlayed 
on the images from the camera. Using two cameras at the same time, as found in newer 
models of smartphones and devices such as the iPhone X [19] and Nintendo 3DS [20], 
it is possible to place said object in a way that makes it seem as if it is placed in an exact
location, thanks to the ability to extract depth from the cameras by comparing the 
captured images [21].

2.2.3 MR
Having described VR and AR, it can now be said that MR can be seen as the 
combination of these two concepts [11]. By using an MR headset, the user interacts in a 
manner similar to that of VR. However, the user does not see a completely virtual 
world, and are instead presented with the real world through the transparent visors of 
the headset. They are able to see the holograms as if they are in the same environment 
as the user [22], giving them a feeling of physical presence similar to AR, albeit 
enhanced. Interaction with the holograms is possible, with or without a controller, as 
cameras exist on the front of an MR headset. These can capture the movements of the 
user’s hands, allowing for direct non-physical interaction between a hologram and the 
user. 
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Devices which support MR are the Microsoft HoloLens [23] and the Magic Leap One 
[24]. Both of these headsets are self-reliant in the sense that they do not need external 
devices. The Magic Leap One can be seen as two devices, however, with the headset 
and the computing components being permanently attached by a wire, whereas the 
HoloLens has everything integrated into the headset itself. The computing part of the 
Magic Leap One is made up of a battery and the processing unit, where the battery can 
be stored in e.g. a pocket for easier transportation. 

These headsets have see-through screens with images projected onto them, allowing the
user to see the holograms in the physical environment. They have multiple sensors and 
cameras inside [25] [26] which detect the placement of a user’s hands and what gesture 
they are performing with them. The gesture may cause an action to be performed within
the currently running application, depending on how the application has been 
developed. In addition, they have support for voice input and support various external 
devices through Bluetooth. These alternatives can be used to facilitate interaction for 
the user. 

The sensors are also used for spatial mapping, which consists of scanning the 
environment surrounding the user, creating a virtual version of said environment when 
completed. With this, it is possible to store virtual objects in places relative to the real 
world. With the HoloLens, the headset can recognize a scanned environment based on 
the Wifi it was connected to while scanning. This also makes spatial anchors [27] 
possible. These are pointers to physical positions relative to the scanned environment 
assigned to the Wi-Fi. The Magic Leap One can also store positions based on a scanned 
environment, however they do not seem to utilize spatial mapping for it. Some sensors 
that do not exist in these devices are the ones for GPS and compass abilities.

Released two years later, the Magic Leap One has improved upon the HoloLens in 
various ways, such as including eye-tracking, having a larger viewable area of the 
screens, and being more ergonomic. At the time of writing this report, Microsoft has 
announced the HoloLens 2 [23], which addresses these issues. In addition to the 
previously mentioned features, the new headset has support for a larger variety of 
recognized gestures. It features a more ergonomic design by distributing the weight 
over the whole headset, placing the processing parts in the back of the headset instead 
of having it all in the front. The lens will now be liftable by itself as opposed to having 
to flip up the whole headset with the exception of the attachment headband.

Companies have been exploring the usability of MR using the HoloLens [28]. For 
example, NASA uses it to view Mars’ surface with the help of the Curiosity Mars Rover
[29], and Trimble [30] has developed multiple applications, including Trimble Connect 
[31], which helps construction workers to compare the current progress of a project with
the final layout.

2.3 Development environment
For creating applications, many tools have been made available for developers to use, 
though few are available for MR development. This report will delve deeper into the 
two most likely alternatives: Unity and DirectX. The former is a development engine 
highly popular among independent game developers, and the latter is a low-level 
solution created by Microsoft.
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2.3.1 Unity
Unity is a program allowing for application development [32]. Its main focus is on 
games, but other types of applications can also be developed. It allows for development 
across multiple platforms, such as PC’s, smartphones, and game consoles. The engine is
component based [33], where components are placed on so called GameObjects, 
whereafter they inherit the traits of the component. Unity has a built in editor, which 
makes editing objects and components relatively simple. It also simplifies debugging, 
since it can run the application currently in development without having to create a 
separate build to be put into the target platform(s). A downside of Unity is that, while 
possible, it has proved to be an unfriendly environment for threads to be used [34]. 
These can normally be used to have calculations be made simultaneously as other 
scripts are running.

When writing scripts for a Unity application, one writes it in the C# language. C# is an 
object-oriented language developed by Microsoft to avoid having to use Java. The 
language has its roots in C++. Structurally it is similar to Java and many functions and 
operations remain the same [35], however some differences exist in the language and 
syntax. Development with C# in conjunction with Unity differs slightly to that without, 
with extra functions added to allow for better communications between the two [33]. 
These include communication between the code and GameObjects and their 
components, along with using Unity created calculations and methods. 

2.3.2 DirectX
DirectX is an API (Applications Programming Interface) which can be used when 
developing software [36]. It is a set of components that can be used to establish a direct 
link between the software and the hardware it is running on. In and of itself not much 
can be done to rapidly create applications, however it eases the transition. Unity makes 
use of the API for its own engine, however direct usage of it allows for developers to do
more with the hardware. If using DirectX, one must use the Windows OS [37] as it is 
the only one supported.

C++ is the programming language used when developing with DirectX. It is a general 
purpose language designed by Bjarne Stroustrup [38]. The language is derived from C 
and has itself been used as the base for C#. Being in between C and C#, it can be seen 
as a stepping stone between machine code languages and higher level languages. While 
its structure is not as basic in nature as its lower level counterpart, it is not as accessible 
to users as its higher level counterpart either. Due to its lower-level nature compared to 
C#, it provides easier access to the hardware, giving the developers more chance at 
optimizing their software. 

2.4 Coordinate systems
A coordinate is a set of two or more values that mark a location in relation to a 
reference system. These reference systems range from having a single dimension to 
having infinite ones. An example of a one dimension coordinate system is a number 
axis, with a coordinate, consisting of a single number, it is possible to pinpoint an exact 
location on the axis. The Cartesian coordinate system is a two dimensional coordinate 
system and are used to pinpoint a location an a two dimensional plane. To be able to do 
this the coordinate needs to have two values, one for each dimension to be able to 
pinpoint an exact location. To be able to pinpoint a location in a coordinate system, the 
coordinate needs to include a value for each dimension [39].
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To pinpoint locations on Earth a special kind of coordinate system is used, a geographic
coordinate system. The most commonly used version is two dimensional, the coordinate
in such a system consists of a longitude and a latitude. The longitude determines the 
position horizontally and the latitude determines the position perpendicularly, and 
combined they represent an exact position on Earth [39]. 

2.5 Global Positioning System
Global Positioning System, also called Navstar Global Positioning System [40] is a 
geolocation system created by the United States government. The system consists of 
satellites that orbits the earth in a way that on every position on earth gets unobstructed 
line to at least four satellites at any given time. The satellites constantly transmit their 
position and time through radio waves. The receiver receives these signals and can 
calculate the distance to the satellite, and with multiple signals the receiver can 
triangulate its position, see Figure 2.

  
Figure 2: Illustration of GPS triangulation with three satellites.

2.6 Haversine formula
The Haversine formula gives the great-circle distance between two points on a sphere 
using their latitudes and longitudes, as well as the sphere’s radius [41] (see Figure 3). 
The formula is needed to calculate the accurate distance between points on Earth. This 
makes it especially important in navigation. The formula (see Figure 3) needs the radius
of the globe the two points are located on, and also two latitudes and two longitudes to 
be able to correctly calculate the distance between the points. 
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Figure 3: Haversine Formula alongside a visualization. d is the distance between two points
(λ1, φ1) and (λ2, φ2) on a globe with the radius r.

Since the shape of the Earth is a rough sphere, the formula can be used to calculate a 
correct distance between two points on Earth. By using the radius of the Earth in 
meters, the resulting distance will also be in meters, resulting in a way of converting 
from a geographic coordinate system with longitude and latitude to a meter based 
Cartesian coordinate system with X-coordinates (horizontally) and Y-coordinates 
(perpendicularly) [41].

2.7 Conclusion of background information
The related work presented in the report proves that it is possible to create an 
application of this type, as various similar projects have been created. Section 2.2 about 
mixed reality describes that a finished application of this type can be demonstrated in 
the desired way of having virtual content displayed over physical environments. The 
described development environments show that there are ways for the system to be 
developed. Retrieving and using GPS coordinates in combination with the Haversine 
formula should theoretically make it possible to convert coordinates of the real world 
into meter distances which can be used as distances between a user and a given pair of 
coordinates.

8
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3 Method
The method contains a breakdown of the requirements of the project and a description 
of the project method used. The method also has an abstract description of the approach 
for the project, what was done and during which stage of development it was done. The 
method continues with a more in depth description of implementing the different 
theories and methods, as well as the creation of the system itself.   

3.1 Specifying the task 
Deciding which features should be present in the developed demonstration are needed 
to create a suitable project specification. These features should satisfy the needs of our 
supervisor. The specification will be deemed good enough if the content is understood 
and approved by the parties involved. The finished requirement specification can be 
found in the appendix (appendix A). The following requirements have been set:
 

Requirement 2.4.1 The subsystems must be able to connect with each other.

Requirement 2.4.2 The subsystems must be able to have data shared between each other.

Requirement 2.4.3 The subsystems should connect with each other directly.

Requirement 3.3.1
The subsystem should accurately depict the size of the pipes according 
to their real counterparts.

Requirement 3.3.2
The subsystem should use 3D models to more accurately depict the 
shape of the objects.

Requirement 3.4.1 The subsystem must be usable by the HoloLens.

Requirement 3.4.2
The subsystem must be able to place virtual objects according to GPS 
coordinates.

Requirement 3.4.3
The subsystem should be able to differentiate between different types 
of pipes.

Requirement 3.4.4 The subsystem should have a search function to find valves.

Requirement 3.4.5 The subsystem should have filtering options.

Requirement 3.4.6
The subsystem could have editing capabilities to adjust incorrect GPS 
coordinates.

Requirement 4.3.1
The subsystem should signal the user whether it is connected to the 
HoloLens or not.

Requirement 4.4.1 The subsystem must be able to gather GPS data.

The testing of the requirements will be done by going through the test specification 
(appendix C) and following the instructions present for each requirement. If the testing 
goes as expected and the requirement is fulfilled, it will be deemed complete. Should 
something not be fulfilled, it will be worked on more until it can be deemed as such. 
Should it not be possible to fix it, an alternative needs to be thought of and the 
requirement may change as a result. If that is not enough, the requirement will have to 
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be re-evaluated, after which a decision will be made to determine whether or not it is an 
important requirement. The different requirements will be tested during the 
development and a full system test will take place at the end of the project. All the 
requirements needs to be convirfimed visually since there are no other way of 
determining if the requirement is met.  

3.2 Method description
The method which will be used will mostly be following the LIPS model, which was 
developed by Tomas Svensson and Christian Krysander at Linköping University [42]. 
LIPS starts with the handing of a task, after which requirements are set for the project to
fulfill. Then a plan is created, detailing how the project will be fulfilled. After this, the 
creation of the project’s assets begins, including its design, necessary code, whatever it 
may need. The end of this period should mark the project’s halfway point, after which 
thorough testing of the assets is made, followed by integration and further testing to 
make sure everything works when combined. The project should now be finished, being
followed by its delivery and an evaluation of it. Once evaluated, a final report is to be 
written. The LIPS model’s structure can be seen in Figure 4.

Figure 4: Overview of the LIPS project model. The halfway point can be seen as the point
where development should be completed, having only integration and testing left to do.

In an overview of the project, information was gathered regarding the various 
possibilities. After having decided what needed to be done, the design of the 
demonstration was formed.  After the general structure of the project was decided the 
development now starts, with a simultaneous writing of the report. As stated earlier, the 
report is usually written after the delivery of the project, however in this project’s case 
the report will be written alongside the development.  

3.2.1 Project planning
The project began with a meeting with Wagner Ourique de Morais where the general 
idea for the project was presented. He had contact with a representative from HEM 
whom had expressed their interest in exploring MR. After a brief researching period, a 
meeting was held with HEM’s representative to discuss how they envisioned an 
application of this type, after which the concept was developed. This includes the ability
to view both heating and cooling pipes, being able to discern between the available pipe
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types, and being able to filter what is displayed, among other functionalities.

Figure 5: Flowchart of the system. 
Top: An overview of the main application.

Bottom: Diagram of the mobile application.  

As seen in Figure 5, the system is composed of two subsystems. The first is the main 
application, which will be the one used to visualize the data in a mixed reality 
environment. The second is an application is intended to be run on an external device 
with a GPS receiver that will be used to transmit its GPS coordinates to the main 
application. As the HoloLens does not have a built-in GPS, an external GPS receiver is 
needed, of which smartphones or tablets are the most accessible. 

When the finalized concept had been developed, a project plan (appendix B) was 
created, which describes what the end result will be like, and how the result will be 
achieved. It also describes how the result will be reached and includes a preliminary 
time schedule consisting of the periods each segment is expected to be worked on. The 
project plan was followed by the writing of the requirements specification (appendix A)
which outlines what the finished demonstration needs to include and how the included 
features should work. These documents were sent to the supervisor for feedback, and 
changes were made based on it until they were finalized. Before starting development 
on the demonstration, information was gathered regarding GPS functionality and 
various ways to implement some of  the wanted features of the demonstration.

3.2.2 Choice of development tools
The demonstration will be developed for the Microsoft HoloLens, as it is the only type 
of MR device that was easily accessible to the group during the start of the project. 
Prior experience of HoloLens development was had during an earlier project which both
the authors were part of, which also affected the decision to choose it as the target 
system.

As the HoloLens does not have a built in GPS receiver [25][26], an external device is 
needed. To transmit the current GPS position to the HoloLens, smartphones can be 
used, as they have built in GPS receivers accessible by apps alongside access to Wi-Fi. 
Another type of device which can be used is external GPS receivers, which can be 
coupled with any computer to achieve the same functionality as a smartphone. It was 
decided that a tablet using the Android OS will be used. The Android OS was chosen 
for its accessibility and wide support of IDE’s for different programming languages. 
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QPython3 [43], an IDE built for the Python3 programming language, will also be used 
in combination with the CherryPy framework [44]. CherryPy is a Python HTTP 
framework and is used to be able to create a web server on the tablet in order to 
establish a connection to the main application. 

Zandbergen, P and Barbeau, S wrote a paper on the accuracy of GPS receivers in
mobile devices [45]. They came to a result of a median error between 5 and 8.5 meters.
During outdoor testing the error never exceeded 30 meters and during indoor use the
error never exceeded 100 meters. It was concluded that the mean margin of error for 
this type of device were acceptable for the project. This project is, as previously 
mentioned, a proof of concept and possibly lacking the necessary precision for 
professional use. It was decided that the use of an Android device with an integrated 
GPS receiver was used for the solution, due to the ease of access to its data.

The lack of a compass in the HoloLens [25][26] makes it necessary to have an external 
device to get the correct heading and starting point. It would be possible to get the 
orientational data from an external device sent to the HoloLens, but that data would be 
based on the orientation of the device and not necessarily the user. Therefore, it has 
been decided that manual calibration will be used. Any proper compass or a phone 
compass should suffice in getting this direction.

It was decided that Unity would be used over DirectX to develop the demonstration, 
meaning the programming language to be used is C#. The code will be written in Visual
Studio, as it is included with an installation of Unity. This also means that threading 
will not be an option, as Unity is not thread-friendly, and even less so when combined 
with the HoloLens as a plug-in will have to be created [46]. The decision to use Unity 
was made due to several factors. Unity is a tool which has multiple tiers of accessibility 
with one of them being a free alternative, provided one does not generate revenue in 
excess of over one hundred thousand dollars, something neither member does. It will 
also be faster to get started with the demonstration, as DirectX would require creating 
the engine and application from the ground up as opposed to having an engine ready to 
use. The members of the group have also had previous experience with the engine in a 
previous course, which have made them more familiar with the tool, unlike DirectX. 

Though both MacOS and Windows versions of Unity are available, only Windows 10 
OS (Operating System) versions support HoloLens development. Those are the only 
ones that can create builds in the format used by the headset, UWP (Universal Windows
Platform). The C# version used by Unity has been expanded with extra functionality for
HoloLens development, such as ways to create spatial mapping, interaction using the 
recognized gestures, and ways to implement input through voice commands. To use the 
extra functions, packages must be imported in the scripts that will use them.

Microsoft has developed a toolkit for use with HoloLens development in Unity [47]. 
This is called the Mixed Reality Toolkit and contains multiple pre-made scripts, 
components, and other types of useful items. Included are interfaces that help with 
interaction, settings to easily have a Unity project ready for HoloLens development, and
simple ways of creating finished builds. The interfaces will be used to allow for easy 
ways to code interaction between the user and the virtual objects, whether it be tap-
based or gaze-based. Also included are scripts that make objects always face the user, 
which is helpful for menus and other important items. These scripts and interfaces will 
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not be brought up in the development section as they were not created by the group, nor 
will they be altered. The toolkit was used in the Development Project course and will be
used again due to its effectiveness and to save time. 

The Mixed Reality Toolkit contains the interfaces IFocusable and IInputClickHandler, 
which will be used throughout the application. IFocusable allows the use of the 
OnFocusEnter and OnFocusExit methods. These draw a ray from the users position to a
set distance in front of them, and if this ray collides or exits collision with an object, an 
event can occur if programmed. The IInputClickHandler interface checks if the tap 
action has been made on a gazed on object. If one has been made, it performs the 
related action. The two described functionalities require specialized code to develop by 
itself and provide critical functionality to the application, and so the interfaces will be 
used instead of developing them from the ground up.

As for project management, it was decided that Google Drive [48] would be used for 
documents used or created for the project. This is a cloud-based storage service, 
allowing multiple users to gain access to the same documents. The service provides ease
of access to stored documents, as well as having the ability to create and modify 
documents using the Google file types from anywhere. This allows for document 
writing even though a computer is not present, as smartphones can easily gain access to 
the service. 

For development, it was decided that GitHub would be used for saving different 
versions of the demonstration [49]. GitHub is a version control system, allowing a user 
to switch between previously saved states of files in a project When developing a 
product, it is important to be able to go back to previous iterations to see what worked 
or did not work with a certain version, as iterations on digital files often means 
overwriting previously existing files with the new version. Having access to prior 
versions of the demonstration can be very important if irrevertible changes are made to 
the current version, and GitHub provides a solution for that need.

3.2.3 During production
After the required documents were created, development of the demonstration started. 
Development started with creating a way for the user to calibrate the demonstration so 
that it knows the coordinates and orientation of the user. The system makes all its point 
positioning calculations based on this starting point, and the orientation is used to place 
the points of the infrastructure correctly relative to the user’s view. The ability to place 
said points was then developed by implementing the Haversine formula. They are 
placed based on coordinates from the data, with the placement being decided using the 
user’s starting coordinates. 

The ability to visualize the pipe between any given point and the points connected to it 
was the following item to be implemented. The visualization includes properly scaling 
the pipe based on the distance between two points, scaling it according to the data 
provided, as well as orientating the pipe so that it connects to the points. Once the 
ability to visualize the data of the underground infrastructure was implemented, filtering
options were implemented to help differentiate the different types of data.

To help the user keep track of which direction they calibrated North to be, two different 
navigational tools were implemented, with each of them always pointing North in 

13



Interactive Visualization of Underground Infrastructures via Mixed Reality     Dataingenjör 
Elliot Gustafsson, Sebastian Sela       2019-06-14 

different ways. One is a 3D arrow, and one is a 2D compass.

After having received the data from HEM, the ability to dynamically read it in the 
application was developed. With real data, it was now possible to check if the 
visualization code worked as intended. It was now also possible to develop a way to see
the information of valves on the pipelines.

The implementation of subsystem 2 started with tests of different types of sockets for 
the HoloLens. No suitable type of socket was found and the decision fell on using a web
server instead. The web server was later setup and the associated code was constructed. 

Since the user’s coordinates were now able to be updated, a recalibration button was 
implemented. This resets the user’s position and rotation like the original calibration 
process, and deletes and redraws the underground infrastructure.

Simultaneously with the development of the demonstration, the report was written. As 
progress was made with the project, the report was modified and expanded to reflect the
changes made. The test specification (appendix C) was written once the application 
contained a majority of its functionality. This contains various test cases the 
applications needs to fulfill in order to be deemed finished.

3.2.4 Post-production
In the final part of the project, when the development of the application had been 
finished, a build was made and put on the HoloLens. It was tested against the test 
specification to see if it had the necessary functionality. When that was confirmed, 
some final adjustments were made to enhance the experience. After this, work began on
creating the necessary items needed for the UtExpo. This includes poster designing and 
the creation of an arrow that can be laid on the table. The report was finalized to include
the remaining information.

3.2.5 Resources
The group was allowed to use the HoloLens owned by HCH (Hälsoteknikcentrum 
Halmstad) at Halmstad University. Access to an Android tablet located inside of HINT 
was also granted by HCH. Computers that were used were either the members’ own or 
ones available through the school. Software used, such as Unity and Blender, was either
freely available or already accessible by the members. Data supplied by HEM was 
provided for free.
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4 Execution
The execution contains a detailed explanation of the different scripts developed for the 
system. This is presented in a manner similar to the flow of the application while in use.

Figure 6: UML-diagram of the scripts created for the project. Yellow scripts are for the main
application, while the green one is for the Android device. The Pointer and Compass scripts do

not interact with any other scripts. Neither does MenuManager, apart from one button. The
GPSCalculations and ReadData scripts do not store any information.

As seen in Figure 6, eleven scripts have been developed for the system. Every script is 
connected to another in some way with the exception of two. The connections are made 
through calls to functions in other scripts.

4.1 Calibration
In order to correctly use the application, the user is required to perform a calibration 
process at the start. This is done with the help of the Calibrate script. A button object 
using this script is placed in front of the user at startup. The button follows the user’s 
gaze using the Billboard and SphereBasedTagalong scripts from the Mixed Reality 
Toolkit. It has either a green or red color based on whether or not it is being looked at 
by the user, which is decided by the IFocusable interface found in the toolkit. The 
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button also has a TextMesh component added to it with a text telling the user to tap it, 
which they can then do with the help of the IInputClickHandler interface from the 
toolkit. Once they have tapped the button, the calibration process begins. The text of the
button now tells the user that it is waiting for their starting coordinates, which are 
gathered through a script on a tablet in combination with the DataRetriever script. The 
coordinates are locally stored for the duration of the current session and are deleted 
when the application is closed. 

After the coordinates have been gathered, the data stored in the application is drawn 
through the DisplayCoordinates script, after which the user’s view is calibrated 
according to the direction they looked. This is done by resetting the rotation and 
position to zero vectors for the application’s camera to realign the camera’s rotation and
position with the user’s view, ideally after the user themselves have adjusted as needed. 
At the end of the Calibrate script, various GameObjects are turned either on or off to 
activate or deactivate their functionality, after which the calibration process has been 
finished.

4.2 Retrieval of GPS data
The user’s coordinates are gathered via the DataRetriever script. The script uses HTTP 
requests to contact the script on the tablet using its IP address, after which it awaits a 
response. The response contains the tablet’s coordinates, and when these have been 
retrieved, they are placed in an array which other scripts are then able to acquire. This 
can be done with the GetCoords method, which returns the array. It also prints the 
coordinates on the screen by editing the text property of a TextMesh component of an 
object that is always following the user’s gaze, so the user can know where they are at 
any given time. The script sends HTTP requests once per second, so the coordinates 
will always be up to date.

The script that runs on the Android device is written in the Python 3 language using a 
specific Android API. After receiving an HTTP request, it is able to send coordinates 
based on either the network’s location, or the device’s location. These are retrieved by 
calling on the Android device’s startLocating and stopLocating functions and choosing 
either to gain access to the GPS coordinates or the coordinates according to the 
network. This script is not an entire application, and is instead just a script being run 
with the help of QPython3, an Android compatible Python development environment, 
in conjunction with the HTTP framework CherryPy.
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Figure 7: The Python script to run on an Android device. Every “@cherrypy.expose” denote a
method. The first one makes the Android device vibrate and is used for testing connections. The

second is the one retrieving the device’s coordinates and sends them to the requester.

4.3 Implementation of the Haversine formula
The gathered coordinates are used in a script called GPSCalculations . This script 
calculates the distance in meters between the user’s coordinates and the coordinates 
used for the pipes and valves using the WGS-84 format. The calculations are based on 
the Haversine formula and are made separately for latitude and longitude. These are 
done separately in two different functions, because instead of getting the great-circle  
distance between the input coordinates the objective is to get a difference in longitude in
meters and the difference in latitude in meters separately. The calculated values are used
for the points representing the coordinates of the piping system. The calculations 
require that the input longitudes and latitudes are converted into radians which are done 
inside each function. After the conversion, the values are put into the Haversine formula
now implemented in C#. The Haversine formula requires the radius of the sphere being 
used for the calculations, and considering the pipes will be placed using the Earth as a 
sphere, the chosen radius will be the mean radius of the planet, with that being 6 378 
137 meters.

One of the functions, GetDiffLongMeter, is used to get the difference between the two 
input positions and convert that difference to a length in meters. The function has four 
input variables, the users longitude and latitude, and the longitude and latitude of the 
position to get the distance to. The latitudes are needed to correctly calculate the 
difference in longitude. The return value of the function is the difference in meter 
between the two input longitudes.
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The second function, GetDiffLatMeter, is subsequently used to get the difference in 
meters between to input latitudes. To get the difference in latitudes converted into 
meters the longitudes are not needed, the input variables are therefore only two 
latitudes.  The output value is the difference between the two inputs converted into 
meters.

Two different versions of the GPSCaluclations script were created during the project to 
be able to properly place objects in the virtual world. The left image in Figure 7 
displays the result of the first implementation, using a simplified version of the 
Haversine formula. The second version of the script uses a proper implementation of the
Haversine formula to calculate distances for the points, the result of which is displayed 
in the second image in Figure 8. The points chosen for this test are taken from within 
HINT, retrieving the coordinates from each corner of the apartment, with an additional 
one retrieved roughly in the center of it. The proper implementation has a rectangular 
look as it should, while the simplified version looks a bit stretched, having the points 
placed further than they should. Note that this only applies to the longitude direction, as 
the latitude placement has not been altered.

Figure 8: The difference between using a simplified version of the Haversine formula to place
the points of the pipe and using a proper implementation of the formula. North is up in this
image, meaning the up-down direction is latitude, while the direction left-right is longitude.

4.4 Visualization
The data needs to be read before it can be visualized. This is done with the ReadData  
script. Two modes are available, one for reading information relating to the pipes 
(Figure 9), and one for reading information relating to the valves. Each method requires
a TextAsset file and a true or false value to work, with the latter representing whether 
the data relates to heating or cooling pipes. The TextAsset file is converted into the 
string format, after which it can be separated based on the amount of lines present in the
file. These lines each represent a pipe and are used to extract the information present in 
them. The important data is extracted and stored in a way that is better understood by 
the DisplayCoordinates script. 

The extracted information is stored differently based on whether the coordinates are part
of the pipes or are locations for valves. The information strings are stored in lists of 
strings, separated by type. The script reads the data files of the piping systems, storing 
the information of each coordinate in a text string. For pipes, the information consists of
its ID, its diameter, if it is a single pipe or a twin pipe, if it is part of a heating or cooling
system, its depth, as well as the latitude and longitude. For valves, information includes 
their ID, type of valve, the direction (if available), whether it is part of a heating or 
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cooling system, its depth, and the latitude and longitude. The depth for both pipes and 
valves is not something extracted from data, however, as it is not present. It is instead 
set as roughly 1.5 metres below the surface, based on a statement given by HEM. Once 
the data has been processed, the script has finished execution for the session.

Figure 9: Excerpt from ReadData. Code for processing pipe data. The process is similar for
valve data, with some changes made to its structure and the removal of the for-loop.

TextAssetToString simply converts the TextAsset into a string.

Visualization of the underground infrastructures is done through the 
DisplayCoordinates script. It calls on the ReadData script and retrieves the processed 
data, and these are then iterated through. For each string in the lists, a GameObject is 
created, storing the values of a string in either the CoordinateInfo or ValveInfo script 
attached to it. The only purpose of these scripts is to store information, although 
ValveInfo has a way to display the information of a valve to the user. Both scripts 
contain get and set functions for each the of information to have it easily available. The 
GameObjects containing the information are placed using the distances calculated in the
GPSCalculations script and are visible to the user as either the spherical bending points 
of the pipes if they are part of the piping system, or cylinders if they are valves. 

Once the pipe points have been placed, the pipes going between them are drawn by 
iterating through the points. Also using a cylindrical model, pipes are placed at the 
halfway point between two selected points. A pipe’s length is decided by the distance 
between the points, and its orientation is decided by taking the difference between the 
currently selected point’s position and the pipe to place. Pipes are drawn for as long as 
the previously placed point contains the same ID as the currently selected point, 
otherwise a pipe is not drawn. The script finishes execution when all points and pipes 
have been placed.
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At this point, the application has entered its main part. A menu button is presented, 
floating in front of the camera. Pressing this menu button reveals the options for the 
application, including filtering options and navigational tools. All of these buttons are 
using the MenuManager script. The script starts by setting an isActive variable to either
true or false, depending on the button, through a switch-case statement. This variable 
decides which texture is to be shown - a texture resembling a checkmark - and also 
decides what should happen when the button is tapped. Each button can change color 
based on whether the user is looking at it or not, similar to the Calibrate script. 

For functionality, all buttons behave the same way in that they all either hide or show 
various objects, with the exception of two (Figure 10). The first outlier is the main 
menu button, which behaves similarly to the previously mentioned functionality, but 
instead of using tags to search for the GameObjects relating to its functionality it has a 
list containing all the GameObjects in needs to modify. The second outlier is the 
“Recalibrate” button, which deletes every object relating to the drawn underground 
infrastructure, resets the user’s position based on the latest collected coordinates from 
the DataRetriever script, and then calls on the DisplayCoordinates script to redraw the 
piping system based on the new coordinates. 

Figure 10: Code from the MenuManager script to determine what happens when a button is
tapped. GameObjects are tagged with the same name as the case they relate to.

4.5 Navigational tools
To help the user keep track of which direction North is, two navigational tools exist 
using the Pointer and Compass scripts, respectively. The Pointer script is used with the 
3D pointer tool. The script sets the rotation of a 3D model of an arrow to constantly 
make it point towards the direction set as North. The value of a continuous sine wave 
was then added on its Z-axis to make it sway back and forth, which is meant to help the 
user discern which direction the arrow is pointing.
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The Compass script is used for the 2D compass tool, which is set as the default 
navigational tool. The script is attached to both the compass image [50], as well as the 
icon representing the user’s orientation and letters for identifying the directions. The 
script has two methods for rotating an object, where the method used is determined by 
an object’s name. If the name of the GameObject the script is attached to match that of 
the object containing the compass image, that object rotates in the opposite direction of 
how the user rotates their head. This is to have the compass stay aligned with the set 
North direction. If it does not match, it makes the object rotate along with the way the 
user is rotating. This is to counteract the user icon and direction letters being children of
the compass image object, which would have made them rotate together with it if no 
script had been attached. 

The 3D model of an arrow used for the 3D navigational tool was made in Blender [51] 
using a cube as base. Through many steps using operations such as extrude, subdivide, 
vertex merging, and scaling- and positioning adjustments, the simple model was 
created. The image used for the compass was created by modifying a public domain 
image in Adobe Photoshop [52] to better fit the needs of the project. Other images, such
as the logo of the application, were also created in Photoshop, using the tools found 
within. Flowcharts and diagrams were made using draw.io [53], a website where such 
images can be created using templates and pre-made shaped. 
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5 Results

5.1 Initialization and calibration
An application has been created for the HoloLens, titled Holo Pipes, in addition to a 
Python script for Android devices. The system starts by opening the HoloLens 
application. Once it has been started, the user is presented by a short splash screen, 
displaying the application’s logo. After this, they are presented with a button in an 
otherwise empty environment (Figure 11). The button asks them to calibrate the 
application, which they should do by looking North, followed by tapping the button.

Figure 11: What the user sees after the application has loaded. The coordinate text is displayed
as soon as the application has received coordinates from the Android device.

When this button has been pressed, the application waits until it has received a message 
from the Python script running, and signals this to the user by changing the text of the 
button. The Android device transmits its GPS coordinates to the HoloLens once it has 
received an HTTP request, and once the HoloLens application has received the 
coordinates, it starts the calibration process. As of this point, the following requirements
specified in the requirements specification (appendix A) have been fulfilled:

Requirement 2.4.1 The subsystems must be able to connect with each other.

Requirement 2.4.2 The subsystems must be able to have data shared between each other.

Requirement 2.4.3 The subsystems should connect with each other directly.

Requirement 3.4.1 The subsystem must be usable by the HoloLens.

Requirement 4.3.1
The subsystem should signal the user whether it is connected to the 
HoloLens or not.

Requirement 4.4.1 The subsystem must be able to gather GPS data.
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5.2 Visualizing the GPS data
The calibration adjusts the application’s camera based on the user’s position and 
orientation, and draws the underground infrastructure. Using the retrieved coordinates 
and the data provided by HEM, the application is able to draw the piping system placed 
in the area surrounding Halmstad University, as seen in Figure 12. The data, stored in 
multiple .csv-files, is read and organized by the application. The organizing of data 
consists of changing the way it is stored into a specific way to make it readable by the 
application. Once it has been made readable, the data is placed using the Haversine 
formula. Each pair of coordinates becomes its own object. All pipes and valves have an 
ID number, pairing objects with others containing the same ID, and the pipes are 
constructed using multiple coordinate objects. Each object is also split by type, 
differentiating if it is a heating or cooling pipe, and visualized to the user through the 
use of different colors.

Figure 12: Comparison of visualized data between HEM’s own system and the project’s system.
Left: HEM’s system. Only heating pipes are displayed.

Right: The developed system. Both heating and cooling pipes are displayed. A shadow effect
has been added to the image to enhance visibility.

The following requirements have now been fulfilled, in addition to the previously 
mentioned ones:

Requirement 3.3.1
The subsystem should accurately depict the size of the pipes according 
to their real counterparts.

Requirement 3.3.2
The subsystem should use 3D models to more accurately depict the 
shape of the objects.

Requirement 3.4.2
The subsystem must be able to place virtual objects according to GPS 
coordinates.

Requirement 3.4.3
The subsystem should be able to differentiate between different types of
pipes.

5.3 Main application
Once the calibration process has been finished, the user has entered the application’s 
main section. As seen in Figure 13, they are presented with a compass in the upper left, 
a menu button to their right, and their GPS coordinates above the center of their vision. 
The displayed GPS coordinates are updated every time new coordinates have been 
retrieved, and the compass always points to the calibrated North.
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Figure 13: The application has entered its main section. The compass and GPS coordinates are
static objects in the sense that they cannot interacted with by the user. Their positioning on the

screen never changes.

The user is now free to explore their surroundings, being able to normally walk to 
places and seeing the pipes in their vicinity. The application is able to draw the pipes 
very far away, and many are visible at all times. The user is not able to tap or interact 
with the pipes themselves, but at various places in the underground infrastructure, the 
pipes’ valves have been drawn. For these, the user is able to look at them from a close 
enough distance, after which information about the currently gazed at valve is 
displayed, including its ID, its coordinates, and what type of valve it is (Figure 14).

Figure 14: Displaying information about a valve.

5.4 Options for the application
If the user wants to, they may adjust various settings by tapping on the menu button. 
One of the settings is recalibration, done with the “Recalibrate” button. The 
recalibration process is similar to the standard calibration process, in that it gathers the 
user’s coordinates and visualizes the data based on them, while also resetting the 
position and orientation of the camera. The major difference is that the previous 
visualization is deleted, meaning every pipe and valve have to be redrawn from scratch. 
If the execution of the Python script has been ended, the recalibration process will still 
progress using the user’s previously stored coordinates. 
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Figure 15: The available menu items. “View heating” and “View cooling” adjust which pipes
are shown. “Use compass” and “Use pointer” adjust which navigational tools are being used.

In addition, the menu offers multiple filter settings, as seen in Figure 15. The user has 
two navigational tools to choose from (Figure 16). By selecting “Use compass”, it 
either hides or displays the compass which is visible by default. The status can be seen 
by viewing the checkbox, where it is displayed if it is filled in. Similarly, the user may 
hide or display a 3D arrow, an alternate navigational tool hidden by default which also 
points to the calibrated North, by tapping the “Use pointer” button.

Figure 16: The two navigational tools. They are both fixed in place in the application. 
Left: The compass, a 2D image showing the calibrated North from a bird’s eye perspective.
Right: The pointer, a 3D arrow that constantly rotates to point toward the calibrated North.

To help visualize a certain type of pipes, the user is also able to select whether to 
display a type or not (Figure 17). Tapping on “View heating” either hides or shows 
heating pipes, depending on its current status, and “View cooling” behaves the same, 
but for cooling pipes. Among the objects these buttons affect are the valves for the 
respective type of pipe. 
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Figure 17: The hiding or displaying of certain types of pipe. Blue pipes are cooling pipes.
Orange and red pipes are heating ones, with orange being a single pipe and red being twin.

Top: Both types are displayed.
Bottom left: Only heating pipes are displayed.

Bottom right: Only cooling pipes are displayed.

At this point, the following requirement has also been fulfilled:

Requirement 3.4.5 The subsystem should have filtering options.

The only data that can be drawn is the one stored in the application. As such, the user 
may start the application anywhere they want, but they must be in the vicinity of the 
drawn infrastructure to see it.

Any button in the application can be selected using voice input through the “Select” 
command, a universal function within the HoloLens. 
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6 Discussion

6.1 Analysis
The finished application resembles that of the one described in the requirements 
specification (appendix A). However, there are requirements that have not been fulfilled
for various reasons. To start, editing capabilities, as described in requirement 3.4.6, 
have not been implemented. The feature was dropped after some reconsideration as the 
data available is more than likely accurate, so any discrepancies would either be related 
to the formulas used to calculate distances between the user and the coordinates of the 
pipes, or be caused by an inaccurate calibration process. Another dropped feature was 
the ability to search for valves, described in requirement 3.4.4. Due to problems 
regarding the data received from HEM, which resulted in the late arrival of functional 
data, the feature was cut due to time constraints.

Subsystem 2 was meant to be an application developed from the ground up as a way to 
send information to the HoloLens. Instead of this, it is now just one Python script being 
run using QPython3 on Android. The initial solution was to send and receive data 
through sockets, and the application would be developed once that solution had been 
developed. Implementing support for sockets proved to be difficult, however, and after 
some time it was decided that a third party application that could send GPS data would 
be used instead of developing one. Further down the line, socket support had still not 
been implemented and an alternate solution had to be found, consisting of contacting 
the Python script via HTTP requests sent from the HoloLens. Due to the prolonged 
development of the failed socket solution, neither member had the time to learn Android
development to create an application, which would result in not being able to finish the 
project in time. Though the initial communication solution failed, the current solution is
enough. Its flow is the same as the one conceptualized, and it satisfies the requirements 
set in the specification (requirements 4.3.1 and 4.4.1).  
 
A delivery requirement was set, stating that the application must be finished by the 30th
of April. This was set so that the application could be finished well in advance of the 
deadline of the report, in order to have a good amount of time to focus on it. However, 
this could not be fulfilled, primarily due to complications with connecting the HoloLens
with external devices. Another factor was the delay of data, which even hindered some 
functionality from being implemented.

6.2 Social requirements
Social requirements for the project were essentially non-existent, even if disregarding 
the fact that it is only a proof of concept. 

● Economics - With a finished application, no cost is required to produce more 
copies of it as software is infinitely duplicable. Costs such as equipment and 
bills are not directly related to the application’s creation. 

● Environment - The application does not harm the environment in any significant
way as it is software, which does not have any real physical presence. Any 
energy requirements would relate to the HoloLens. Being software, no material 
is needed to produce copies of it due to the duplicability. 
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● Security - Currently, data used is stored in a humanly readable manner. For a 
final version, this would have to be encrypted so it is not readable by external 
parties.

● Integrity - The infrastructure’s data is currently stored within the application, 
which carries a risk, but is only used as a solution for the proof of concept. For a
commercial version this data would most likely be gathered from a database. 
GPS data is only temporarily gathered by the application for the current session.

6.3 General discussion

6.3.1 Application
The finished application could likely have been developed for AR-capable smartphones,
however the way it was envisioned would have been compromised. Features such as 
seeing the pipes virtually visualized in the real environment would have been negatively
impacted, and key functionality like viewing depth would have been removed. With 
AR, the data would be displayable in the same way as using MR, but it would lack the 
depth perception due to it being tied to a single screen instead of being shown from two 
different angles. It could probably be used together with a VR headset like the Google 
Cardboard, but then the user would have a harder time viewing the real world as the 
image would come from the camera instead of the actual environment, and they would 
not be able to interact with the application in the desired way, if at all. 

At the conceptual stage of the project, it was believed that the application would be 
connected directly to a database storing the data, data which would then be sent to the 
application. In reality, access to the data has been limited, as it was provided by HEM 
through Microsoft Excel documents sent via email. This data is stored locally in the 
application after having been converted to the .csv file format. For the project, this is 
acceptable, however if a full version of the application was to be made, it would likely 
be worked on more closely with HEM and therefore also include functionality not 
currently possible. 

Another dropped feature was the ability to display the pipes at the depth they were 
buried at. This was dropped for two reasons, the first being that the data provided did 
not include this information  The other reason is that an issue displaying it at the correct
depth is that it would not take differences in ground height into account. If a pipe on a 
mountain is buried at the same depth as a pipe near the ocean, and the application is 
started near the ocean pipe and is turned on until the mountain pipe is reached, the 
mountain pipe would be displayed as far down as the mountain is tall. This is because 
the application will display the pipes at the same depth due to not taking the ground 
height difference into consideration.

6.3.2 Thoughts and problems regarding the HoloLens
As the HoloLens uses a different version of C# compared to the Unity editor it makes it 
unnecessarily difficult to work with. The version of C# that Unity is using is older 
compared to the one in the HoloLens. That means that many functions and features are 
not supported on both platforms, which therefore makes development challenging. 
Network development is one of the areas this problem affects, as it becomes nearly 
impossible and very time-consuming to properly debug the code without being able to 
run it in the editor. Since the main application is developed specifically to have it run on
the HoloLens, the code becomes virtually useless for the project. 
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Attempts were made to use websockets for the communication between the HoloLens 
and the GPS capable tablet but no single type of the found socket solutions is supported 
by both the editor and the HoloLens. The Windows.Networking.Sockets assembly is 
supposed to be supported by the HoloLens, but with it not being supported by the Unity 
editor debugging of the code became very difficult. This made getting the code to work 
very difficult, which resulted in the abandonment of using sockets in favor of setting up 
a web server.

Reading the data was another part of the application that required rewriting of code due 
to difference in versions of the language. At first a StreamReader solution was used, 
where a file was read and it was immediately available to read each line of a file. Once 
the application had been built to the HoloLens, however, it was discovered that this is 
not supported by the headset. The new solution reads all the text of a file placed in a 
TextAsset variable and places it in a single string. This is then split into several strings 
based on new lines, after which the process continues as it did before by making the 
information readable by the application.

The HoloLens is an interesting device. Visualizing virtual data in a manner that makes 
it appear as if it was in the physical world is astounding, and the possibilities are many. 
The technology behind it is fascinating. The device itself is a bit cumbersome, being 
heavily front-loaded which may cause neck pains if used for too long. Developing 
applications for it is also a bit difficult, with the aforementioned differences in code 
language, and the need of creating builds to test different options as well. It has been a 
unique experience developing for this rather exclusive device however, and it has been 
exciting creating applications for hardware that is not a PC. If the members ever want to
continue developing HoloLens applications, it would be using the HoloLens 2 as it 
seems to be a big improvement over one, especially with its more ergonomic design.

6.3.3 GPS and orientation
There is always a margin of error with the coordinates retrieved from a GPS receiver. 
High end receivers can get accuracy down to under ten centimeters, but the fairly 
rudimentary devices that get built into tablets and phones generally get a margin of error
of around five meters. This helps contribute to the slight shift of the holographic content
from the correct position. As long as a phone or a tablet is used as the GPS receiver, this
is hard to improve. To get a more accurate system, a more advanced receiver needs to 
be coupled with the system. 

When the application was tested it was noticed that it was almost impossible to get an 
exact lock on North during the initialization of the application. This led to an improper 
rotation of the holographic content resulting in an imprecise experience. The 
rudimentary setup of the orientation of the application could be avoided if the HoloLens
did have a built in compass that the application could use instead. It would be possible 
to get the orientation from the external device, in the case of this project the Android 
tablet, but then the problem would be that the orientation is taken from the external 
device and not the HoloLens which would also result in inaccuracies. 

The Python script that has been developed sends GPS coordinates to the application, but
the coordinates are only captured by the Android device once, on startup. This means 
that new coordinates are only gathered every time the Python script is restarted, which 
causes the script to constantly send the same coordinates, making continuous calls to it 
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is relatively pointless. Attempts were made to update the device’s coordinates every 
call, but this resulted in it crashing after the first call, essentially not changing the 
script’s behaviour. The HoloLens application already supports the ability to update the 
displayed coordinates in real time, so if a fix to the Python script would be found, the 
application would be able to continuously display the user’s current coordinates.

Another improvement that could likely be made to the Python script is to send the 
direction of the device to the main application. Due to the Python script being 
developed so late into the project’s life and the lack of experience with the language 
among the group, not much was known on what information can be extracted from the 
Android device through the script, so it is uncertain if this data can even be gathered. If 
possible, this could improve the main application by providing a more accurate value 
than manually calibrating it.

6.3.4 Problems and possible improvements
When drawing the data, the application draws all of the stored data at the same time. 
The amount of calculations being made causes the HoloLens to freeze momentarily, 
making the image static and frozen in space relative to the real world. An improvement 
to this would be to draw only the data within a certain range of the user. This could 
cause continuous calculations when the user gets within range if dynamic data reading 
is implemented, but the usability would also be mostly uninterrrupted between pre-
calibration and post-calibration. Another improvement could be that the draw distance 
set in Unity, which determines how far away an object can be to still be visible, also 
could be lowered as there is no real need to be able to see the pipes many kilometres 
away. It is uncertain if this would speed up the data visualization, or if it would simply 
make the application run better after the data has been read.  

Visualization of the data could also have been done with threads by running the 
calculations in the background. It could have allowed the application to not freeze while
drawing the data. This solution was thought of too late in the project’s life for it to be 
implemented. However, based on the limited information retrieved, it seems that Unity 
is not a thread-friendly environment. The HoloLens is also an unfriendly environment 
for threads, as it does not officially support threads through Unity, so a plugin has to be 
created to implement it.

While it is possible to see the HoloLens’ screens when they are used outside, doing so is
challenging. Inside, the light is comparatively weak, allowing the holograms to be seen 
in the dark environment through the HoloLens’ darkened lenses. Outside however, the 
strong sunlight lowers the difference in light between the holograms and the real world, 
causing a higher sense of transparency, making the holograms more difficult to see. 

In addition to it being hard to see, the HoloLens relies on memorizing the actual 
location it is at, doing so by scanning its environment. Moving around outdoors causes 
the environment to change significantly, which causes it to lose track of its current 
location. This has side effects of modifying the application’s current state, causing the 
user’s location in the application to be changed and therefore making the visualization 
of the underground infrastructure be placed inaccurately.  

32



Interactive Visualization of Underground Infrastructures via Mixed Reality     Dataingenjör 
Elliot Gustafsson, Sebastian Sela       2019-06-14 

6.3.5 Evaluation of our work
The project resulted in a system that works as intended, with the absence of two 
functionalities that are only absent due to reconsideration and the delay in data delivery.
With that in mind, the process has been successful. However, there was slack during the
project’s production. Due to the delay of the data, there was a period where nothing was
really made that could have been used to refine certain aspects of the application or 
where the report could have been updated and improved. The final solution used to send
GPS data to the HoloLens application could likely have been implemented earlier if the 
time was better spent.

The solutions developed for the project are all relatively technical, with it being able to 
accurately draw data based on given coordinates. There are some places that could 
benefit from being more technical, however. Sending data to the HoloLens from an 
Android tablet is currently only possible for that specific tablet, as its IP-address has 
been hardcoded into the application. Its late implementation prevented a better solution 
from being implemented. For the data, it could have become more technical to connect 
to HEM’s database and gain access to the data in that way, however it was impossible 
as access was never given to a database.

As the project only shows the result of a proof of concept, not much thought was put 
into various social requirements, such as environmental and economical ones. 
Therefore, that section is not as expansive as it possibly could have been. All 
information known through a prior course pointed towards software not affecting those 
areas in any significant way, as digital content does not take any material to produce 
multiple copies of and any energy requirements would relate to the hardware said 
content runs on.

Finding scientific articles and reports in the area of work has been difficult, and as such 
not much of it is present. This is likely due to said area being relatively new, with the 
HoloLens being released in March of 2016.
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7 Conclusion
The project set out to answer the following questions and problems:

● How to locate and position the user outdoors using geolocation provided by 
GPS? 

● How to enable support for GPS for a mixed reality capable device, how to get 
data into the device and transform it into something its own coordinate system 
can understand?

● Given the geographical position and other information about the objects of the 
underground infrastructure of HEM, how are virtual objects created on the 
surface in the correct position in relation to the physical world?

● How to enable user interaction with the created virtual objects and record 
changes in their positioning?

For the first two questions, locating and positioning the user outdoors in the HoloLens 
is not different from doing so indoors. The headset has no GPS or compass components,
which requires that information comes from elsewhere. In this case, the project used an 
Android tablet with a built in GPS receiver as a way to retrieve the user’s coordinates 
and used an app enabling hotspot capabilities to establish a connection with the 
HoloLens. The GPS data needs to be transferred from the external device to the headset.
QPython3, a Python port for Android, was used in combination with a HTTP 
framework called CherryPy in order to setup a web server. The HoloLens then sends 
HTTP requests from the main application to get the GPS data from the tablet. 

For the second to last question, when the GPS data from the Android tablet has been 
stored on the HoloLens, it is stored in the WGS-84 coordinate format. The HoloLens 
application uses its own coordinate system based on meters. A translation is therefore 
needed, and this is made possible by the Haversine formula. When the application had 
support for transforming a difference in coordinates to a shift in North and West in 
meters it could reliably place virtual objects in the correct location in relation to reality. 

For the last question, the ability to directly interact with the created models for the 
underground infrastructure was not implemented due to being deemed illogical. It is 
possible to interact with valve objects, however. By coming close enough to one, the 
user can look at it and information will be displayed to the side of them. This is done 
with the help of the IFocusable interface. These draw a ray from the users position to a 
set distance in front of them, and if this ray collides with a valve, its information is 
displayed. Buttons are also interactable, so in addition to IFocusable, the interface 
IInputClickHandler is used for these to perform actions when clicked.

Finally, the result of the project shows that an application of this type is completely 
possible. It fulfills most of the requirements set, and it displays the information as 
expected. Further ways the application can be expanded upon is connecting directly to a
database containing the data instead of storing it in the application. This would allow 
for direct access to the latest data without having to create new versions of the 
application, and it would give a reason to be able to edit the information of the drawn 
data. The unimplemented search function could also be implemented, as it would allow 
further usability of it. It is not recommended to develop HoloLens applications for 
outdoor use, however, as it is difficult to view the displayed images of the application. 
As there is no consistent environment for the HoloLens to memorize, it also loses track 
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of its place in the world, which can sabotage for the user by placing them in an entirely 
different location than was intended.
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1 Introduction
Using the data provided by Halmstad Energi och Miljö AB (HEM) regarding the underground 
infrastructure, the aim of this project is to develop a system that combines the Microsoft 
Hololens with a GPS device to display virtual objects, such as virtual pipes, in their relative 
real-world position. A high-level view of the system is presented in Figure 1. 

Figure 1: Overview of how the system will work. The user wears the HoloLens and uses the installed application, and
simultaneously uses the GPS-device, which itself connects to the HoloLens application. Data is sent to the HoloLens

from a server, which is used with the GPS-device to draw pipes relative to their real life position.

The requirements are displayed as follows:

Requirement X.Y.Z Version Description Priority X

The X.Y.Z in the requirement field has X for Chapter, Y for Subchapter, and Z for Number. For
the priorities, X stands for the type of priority, and for them the following applies: Priority 1 is a
must, as in the demonstration must be able to perform this. Priority 2 are expected 
functionalities, ones that should be included. Priority 3 includes functions which could be 
included, but may be unnecessary or hard to implement.

1.1 Usage
The finished demonstration will show the possibilities of the HoloLens and how it can facilitate 
the work of workers who need to view hidden or buried items with the help of GPS coordinates.

1.2 Definitions
HEM - Halmstad Energi och Miljö AB. A provider of environmental services such as waste 
management, heat and electricity.

AR - Augmented reality. Display virtual objects in a real environment with the use of a camera 
and a screen on hardware. Cannot directly interact with the virtual objects.

MR - Mixed reality. Using a headset, the user can view an AR-environment that they can 
interact with using their hands.

GPS - Global Positioning System. Used to triangulate the position of a device with a margin of 
error of a couple of metres.

IDE - Integrated Development Environment.

HoloLens - MR headset developed by Microsoft.

Demonstration, application, proof of concept - Interchangeable terms for the system to be 
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developed.

2 Overview of the system
The system consists of two parts, which are described in their own chapters later on.

2.1 Dependencies on other systems
The developed system needs to run on a HoloLens to get full usage out of it, and an external 
device in the form of a smartphone will be needed to send GPS data to the main application, 
maybe through a computer. A wireless internet connection may be required, if not Bluetooth.

2.2 Ingoing subsystems
The demonstration will be developed using Unity, an object oriented game engine. It itself uses 
Visual Studio as an IDE, where the code is written in C# and builds are made.

2.3 Design philosophy
The demonstration should be as easy to use and as easy to understand as possible, and should be
developed with an outdoors environment in mind.

2.4 General requirements for the system

Requirement 2.4.1 Original The subsystems must be able to connect with each other. Priority 1

Requirement 2.4.2 Original
The subsystems must be able to have data shared between 
each other.

Priority 1

Requirement 2.4.3 Original The subsystems should connect with each other directly. Priority 2

3 Subsystem 1

Figure 2: Visualization of subsystem 1.

3.1 Description of subsystem 1
Subsystem 1 is the application which will be developed for use on the Microsoft HoloLens. It 
will virtually display pipes relative to their physical location based on information retrieved 
from HEM.

The user starts the application and will be asked to look to the north to calibrate. After 
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calibration has been done with the help of subsystem 2 (Figure 2), pipes will start appearing 
within a certain radius of the user. The user will see two types of pipes, each with a different 
color. The user should also see valves on the pipes and be able to search for specific ones using 
their ID. The user should also be able to configure what will be displayed through checkboxes. 

3.2 Interface
At startup, a menu will be displayed featuring a text asking the user to calibrate and a button 
they should press after calibration. Once calibrated, the user should enter the next menu, where 
various options of what to display should show, which should consist of buttons and textfields. 
Selecting a textfield should open a keyboard, where the user can enter a value.

3.3 Design requirements

Requirement 3.3.1 Original
The subsystem should accurately depict the size of the pipes 
according to their real counterparts.

Priority 2

Requirement 3.3.2 Original
The subsystem should use 3D models to more accurately 
depict the shape of the objects.

Priority 2

3.4 Functional requirements for subsystem 1

Requirement 3.4.1 Original The subsystem must be usable by the HoloLens. Priority 1

Requirement 3.4.2 Original
The subsystem must be able to place virtual objects according
to GPS coordinates.

Priority 1

Requirement 3.4.3 Original
The subsystem should be able to differentiate between 
different types of pipes.

Priority 2

Requirement 3.4.4 Original The subsystem should have a search function to find valves. Priority 2

Requirement 3.4.5 Original The subsystem should have filtering options. Priority 2

Requirement 3.4.6 Original
The subsystem could have editing capabilities to adjust 
incorrect GPS coordinates.

Priority 3

4 Subsystem 2

Figure 3: Visualization of subsystem 2.

4.1 Description of subsystem 2
Subsystem 2 is an application developed for smartphone devices which will transmit GPS data 
from the phone to the HoloLens. An overview of the system can be seen in Figure 3.

The user starts the application before calibrating subsystem 1, after which the current GPS 
location will be gathered. Once gathered, the calibration process can be finished and the 
HoloLens application will have data from the GPS.
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4.2 Interface
Optimally, no interface will be needed. However, the user may be asked to connect with the 
HoloLens, either through a button or by inputting a value. After confirmation, no additional 
input should be needed.

4.3 Design requirements

Requirement 4.3.1 Original
The subsystem should signal the user whether it is connected 
to the HoloLens or not.

Priority 2

4.4 Functional requirements for subsystem 2

Requirement 4.4.1 Original The subsystem must be able to gather GPS data. Priority 1

5 Performance requirements
Since only a proof of concept will be developed, no performance requirements are needed. 

6 Requirements for further development
As there is no intention to further develop the demonstration, no requirements are needed.

7 Reliability
As only a proof of concept will be developed, no requirements for reliability are needed.

8 Economy
Since the project has no budget, no requirements regarding economy are needed.

9 Security requirements
No requirements will be set for security, as only a proof of concept will be developed.

10 Delivery requirements and sub-deliveries

Requirement Document type Description Priority

Requirement 10.1 Project plan
The project plan must be delivered to the supervisor by 2019-
02-04.

Priority 1

Requirement 10.2 Project plan
The project plan must be delivered to the examinator by 
2019-02-06.

Priority 1

Requirement 10.3
Requirements 
specification

The requirements specification should be delivered to the 
supervisor by 2019-02-15.

Priority 2

Requirement 10.4 Half-time report
The half-time report must be delivered to the supervisor by 
2019-03-11.

Priority 1
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Requirement 10.5 Half-time report
The half-time report must be delivered to the examinator by 
2019-03-14.

Priority 1

Requirement 10.6
Test 
specification

The test specification should be delivered to the supervisor 
by 2019-04-05.

Priority 2

Requirement 10.7 Demonstration The demonstration must be complete by 2019-04-30. Priority 1

Requirement 10.8 Report
The report must be delivered to the supervisor by 2019-05-
13.

Priority 1

Requirement 10.9 Report
The report must be delivered to the examinator by 2019-05-
17.

Priority 1

11 Documentation

Document Language Purpose Target audience
Format / 
media

Project plan English 
Create a plan to know what needs to be 
done over the course of the project.

Developers, examinator, 
supervisor

PDF-file, 
Google Docs

Requirements 
specification

English
Set needs for what the demonstration 
should be able to perform and have them 
written down somewhere known.

Developers, supervisor Google Docs

Report English
Display the results of the project within a 
detailed report

Developers, examinator, 
supervisor

PDF-file, 
Google Docs

Weekly 
summary

English
Describe what has been worked on during 
any given week of the project.

Developers, supervisor Google Docs

12 Education

Requirement 12.1 Original
The user should learn how to perform inputs that the 
HoloLens recognize, such as holding, tapping, and bloom.

Priority 3

13 Quality requirements
Since the finished application will be a proof of concept, no real requirements are needed for 
quality apart from being in working condition.

14 Maintainability
No requirements are needed for maintainability, as only a proof of concept will be developed. 
This will not need any further updates, unless it is developed into a full product.
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1 Introduction
Mixed reality is a relatively unknown term when compared to virtual- and augmented 
reality, and it is the result of blending the physical world with the virtual world [4]. Unlike
virtual reality and augmented reality, mixed reality uses the world around you to 
enhance immersion. All virtual reality devices use an opaque screen which means that 
the user is blocked of from the physical world [5]. Augmented reality is more similar to 
mixed reality as the user typically sees the physical world but augmented with virtual 
objects, the user still does not have the same capability of interacting with these virtual 
objects as they would in a mixed reality setting [6]. The enhanced interaction between 
computers, humans, and an environment that mixed reality brings makes it a very 
interesting topic. 

Mixed reality devices use a wide range of cameras to record the environment around 
them, detecting physical objects and making the system aware of these. This is the 
part of the systems which gives you the possibility to interact with objects, the cameras 
recognizes your hand and can detect special gestures which gives the user control 
over different aspects of the system. The same cameras also record your 
surroundings, which makes it possible for virtual objects to interact with physical 
objects like floors and walls. [4]

Holograms, or virtual objects, are made made of light. This light is added to the user’s 
world by the screen and is perceived no differently from the light cast by your 
surroundings. Holograms are three dimensional virtual objects and this means that 
they can be any shape possible, whether lifelike or cartoonish. Holograms also have 
the capability to emit sound. These virtual items can be 3D models of real-life items, 
giving the user a sense of seeing the item in the environment the user is currently 
located in. Moving and viewing virtual copies of real items can be much easier than 
having the actual items there, as these can be difficult to view (being obscured or in 
hard to reach places), hard to move around (heavy or stationary), difficult to get there 
(weight and size), or expensive to produce. [7]

Figure 1: Example of a hologram in a physical surrounding. [7]
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HoloLens is created by Microsoft and is a mixed reality headset. A distinguishing factor
compared to the majority of these types of product is that the HoloLens is totally self 
sufficient. Different solutions for augmented, virtual, mixed reality relies on an external 
computer to do the computing, but the HoloLens is equipped with a fully functional 
computer which runs a basic version of the desktop operating system Windows 10. [8]

Figure 2: Picture of the Microsoft HoloLens system. [3]

HEM (Halmstad Energi och Miljö), a provider of environmental services such as waste 
management, heat and electricity amongst others, is interested in exploring mixed 
reality in the management of the underground infrastructure (e.g. cables and pipes) as 
an approach to facilitate design, deployment and management of such infrastructure.

1.1 Purpose and Goals
The purpose of this project is to develop a mixed reality system to enable visualization 
and interaction with virtual objects representing underground infrastructures, such as 
cables and pipes. Ideally, the results of this project will facilitate maintenance and 
visualization of the structures. 

The goals of this project are the following:
● Locating and positioning the HoloLens outdoors.
● Given the geographical position and other information about the objects of the 

underground infrastructure of HEM, create virtual objects on the surface in the 
correct position in relation to the physical world.

● Enable the user to interact with the created virtual objects and record changes 
in their positioning.
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Figure 3: Concept of the visual aspect of the application. 
(Created by Wagner Ourique de Morais)

1.2 Limitations
The developed demonstration will act as a proof of concept and therefore may not 
have fully fledged features or have the necessary precision for professional use. The 
security aspect and optimization of the demonstration is seen as low priority.

2 Method

2.1 Description of the state of knowledge

2.1.1 Prior knowledge

We have worked with and developed for the HoloLens in an earlier project for the 
Development Project course, and from this we received a good understanding about 
the limitations of the current technology and the HoloLens system. This also includes 
knowing the tools needed to develop an application for it.

A game engine is needed to structure the virtual objects and to create the overall 
structure of the application, and an IDE (integrated development environment) is 
needed for script writing. The game engine we will use is Unity, which is recommended
by Microsoft [1], and the IDE to use is Microsoft’s own Visual Studio, which handles C#
code, a programming language similar to Java. Other alternatives are DirectX, but 
since it is just an API (application programming interface) it would require developing 
an engine of our own. In that regard, Unity is much more user friendly, and as we used 
it for the previous project, it is more familiar to us. Unity projects need to be built into an
executable application that can run on the HoloLens, and Visual Studio is required to 
do so. 

If 3D modelling is needed, basic models can be done inside Unity, such as cubes or 
spheres, but for more complex models we will use Blender. This program was briefly 
touched upon in the Development Project course. Alternatives include 3DS MAX and 
Maya, but these require either a purchase or a subscription, while Blender is free and 
open source. 
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Communication from separate systems to the HoloLens is something that has been 
researched extensively in our earlier project, and the best solution we found is to use 
HTTP requests. Other options that we explored were .NET Data Providers and 
sockets, but none of them were fully supported for our needs.

2.1.2 Further research

The HoloLens does not have GPS functionality [2] which requires us to develop 
support for this and also acquire an external resource which can provide the GPS 
position to the application through wireless communication. Development with GPS 
functionality is not something we have explored previously, so this would be new 
information for us. 

2.2 How the task will be specified
In order to get a suitable project specification we need to settle on what the finished 
demonstration should be able to perform. It should also satisfy the need of our 
supervisor (and potential client at HEM). The specification will be deemed good 
enough if we understand what our task is and know what we are supposed to do.

2.3 Method description
The work method will be based on both the LIPS model as well as the kanban flow 
model. 

2.3.1 Before development

We will gather the required information and knowledge in a pre-study phase, after 
which the requirements specification will be created. These documents will help us 
design the demonstration, and once designed, its development begins.

2.3.2 During development

A majority of the time spent developing will be with the use of the aforementioned Unity
game engine and the Visual Studio IDE, which includes coding the features. Any 
required 3D model will be created using Blender. Further research on GPS, how to 
implement it and how to connect it to the HoloLens will be conducted alongside its 
implementation. A test specification will be written once some features have been 
implemented and their supposed functionality is known. Writing of the report will be 
done alongside development of the demonstration. 

Experiments will be performed by coding potential solutions for the needed features 
until they work. Tests will be performed as features are implemented, where they will 
be tested against the test specification. As the HoloLens is built for indoor use, a 
majority of the testing will be made there, with only GPS testing being made outdoors.
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2.3.3 After development

Further testing of the demonstration will be made once all features have been 
implemented. Any detrimental bugs or errors will be investigated and fixed. Afterwards,
it will be evaluated based on both the test specification and the requirements 
specification. The report will be finalized according to the finished demonstration. Any 
borrowed resources will be returned.

2.3.4 Resources

The HoloLens is owned by Hälsoteknikcentrum Halmstad (HCH) at Halmstad 
University, which have granted us access to it. Some computers we will use are owned
by the group members, while some are available through the school. Should 
components be needed, an arrangement will be made between the group and other 
involved parties.

2.4 How the result will be analyzed 
The task will be verified through a created requirements specification, which will detail 
what features need to exist in the created demonstration. As the features need to 
consistently provide the same experience, these will be tested with the expected result 
in mind, which will be written down in a test specification.

2.5 What will be shown at UtExpo
Provided a demonstration with its intended functionalities has been finished, it will be 
shown at the UtExpo. The demonstration will be shown by group members, who will 
stream the demonstrator’s view to a computer, which will then be viewable by 
attendees. Attendees may be allowed to test the demonstration by themselves. From 
our experience, people in general seem interested in this type of technology (viewing 
virtual items as if they were real), which may also be a driving factor to view our 
project.

3 Time plan

3.1 Time spent per activity

Figure 4: Estimated amount of weeks and time spent per activity.
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3.2 Milestones

Description Deadline

Project plan February 4, 2019

Requirements specification February 15, 2019

Fundamental development progress March 8, 2019

Half-time report March 11, 2019

Test specification April 5, 2019

Development complete April 30, 2019

Report May 13, 2019
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9.3 Appendix C: Test Specification

Test Specification
Interactive visualization of underground infrastructures

Elliot Gustafsson, Sebastian Sela
Examensarbete / Degree project

1. Introduction
The test specification describes the tests which will be performed on both 
individual functions and the whole application. These tests are used to verify 
that the end product solves the overlying problem and fulfills the specifications 
of the requirements specification. 

2. Definitions

Test nr X Refers to req X Description and execution Date

nr = number
req = requirement
Description refers to what needs to be tested. 
Execution refers to how it will be tested.
Date equals the date it was confirmed to be working.

3. General requirements
Refers to the general requirements, found in section 2.4 in the requirements 
specification.

Test nr 1 Refers to req 
2.4.1

Verify that the HoloLens can connect to 
the GPS application. Test by confirmation
debug message. 

2019-05-09

Test nr 2 Refers to req 
2.4.2

Verify that data can be shared between 
the applications. Test by sending data 
between the applications.

2019-05-09

Test nr 3 Refers to req 
2.4.3

Verify that the HoloLens can connect to 
the GPS application in a direct manner. 
Test by confirming there’s no device 
between the HoloLens and GPS device.

2019-05-09

61



Interactive Visualization of Underground Infrastructures via Mixed Reality     Dataingenjör 
Elliot Gustafsson, Sebastian Sela       2019-06-14 

4. Subsystem 1
Refers to the requirements for the HoloLens application, found in sections 3.3 
and 3.4. 

Test nr 4 Refers to req 
3.3.1

Verify that the pipes sizes are 
accurately depicted compared to the 
data provided. Test by comparing 
comparing visualized data with an 
approximation of real size.

2019-05-09

Test nr 5 Refers to req 
3.3.2

Verify that the data is visualized using 
3D objects. Test by viewing 3D objects 
in the application.

2019-05-09

Test nr 6 Refers to req 
3.4.1

Verify that the application runs on the 
HoloLens. Test by running the 
application on the HoloLens.

2019-05-09

Test nr 7 Refers to req 
3.4.2

Verify that points are placed using 
coordinate information. Test by 
comparing placed points with their 
supposed positions.

2019-05-09

Test nr 8 Refers to req 
3.4.3

Verify that the application differentiates 
between the types of pipes. Test by 
seeing different types of pipes.

2019-05-09

Test nr 9 Refers to req 
3.4.4

Verify that the application allows for 
searching for valves. Test by searching 
for a valve in the application.

Not 
implemented

Test nr 10 Refers to req 
3.4.5

Verify that the application has working 
filtering options. Test by turning on/off 
the various filter options.

2019-05-09

Test nr 11 Refers to req 
3.4.6

Verify that editing capabilities are 
working. Test by modifying objects.

Not 
implemented

62



Interactive Visualization of Underground Infrastructures via Mixed Reality     Dataingenjör 
Elliot Gustafsson, Sebastian Sela       2019-06-14 

5. Subsystem 2
Refers to the requirements for the mobile application/website, found in sections 
4.3 and 4.4.

Test nr 12 Refers to req 
4.3.1

Verify that a connection between the 
applications is visualized. Test by 
connecting the applications.

2019-05-09

Test nr 13 Refers to req 
4.4.1

Verify that the application can gather 
GPS positioning data. Test by comparing
retrieved data through application with 
data gathered through other means.

2019-05-09
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