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ABSTRACT 

Existing indoor positioning systems require some infrastructure setup, e.g., WiFi or 
Bluetooth. The maintenance cost of such systems makes them not easy to deploy 
everywhere. In this project, our goal is to develop an infrastructure freesolution for the 
Indoor Positioning System (IPS) using magnetic field.  

To build an infrastructure free solution, we first build a magnetic footprint database for 
the targeted environment. Given the footprint database, we can estimate a user location 
based on her magnetic trajectory, where the estimation is done by a Dynamic Time 
Warping (DTW) like algorithm. In addition, we also study some pruning strategies to 
further improve the computation time.  

Besides the technical development, we also attempt to run the system in real scenarios. 
One testing case is to use the indoor positioning in our university library. We design a 
prototype system, called BookFinder, that can help people to find the book’s position 
and guide them to the destination by Augmented Reality.  Lastly, we also conduct quite 
a few of experiments to confirm the robustness of the system design. In summary, the 
infrastructure free solution still has room for improvement but it definitely has a bright 
future.  
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CHAPTER 1. INTRODUCTION 

Smartphone becomes very popular in recent years, where we can find its usage 
everywhere in our daily life. For instance, driving navigation is particularly helpful for 
driving in a big city. However, the positioning system nowadays relies on GPS and 
mobile network that are not applicable to indoor areas. Indoor positioning system 
becomes an important tool in helping many applications and decision making. For 
instance, if a venue owner has information of their guest movements in a big event, then 
she may have a better planning for the floor plan setup. We can easily motivate the 
indoor positioning by other examples, e.g., car parking management, security, 
advertising in shopping malls, museum guiding, etc.   

 

Figure 1: The concept of IPS 

One application of the indoor positioning is to find books in a library. By mapping the 
book to physical coordination in floor plans, users are able to find their willing books 
on the shortest path with guidance. Similar scenarios happen in finding a car in carpark. 
In car park, people always forget where they park their car and cannot find it when they 
try to drive it out. With magnetic positioning, users could save their car position and be 
guided back to their car when they want to leave the building. The working environment 
of miners is quite complicated. Miners sometime cannot even find the destination of 
work if they need to travel in the mine. However, GPS is not working in the mine. The 
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cost of IPS that need infrastructure is probably unconscionable. Magnetic position is 
free for infrastructure and it can also provide a brief route to reach their destination. 

 

Figure 2: The application of IPS 

IPS in general requires some setup in a specific location. For instance, Wi-Fi need to 
install a network of routers before it can work functionally. It is same to Bluetooth that 
you have to put some beacon over the area when you setup the IPS. The development 
of indoor positioning system is not consummated, the mainstream of research make use 
of the radio frequency such as Bluetooth, Wi-Fi, NFC, etc. During the research of 
improving the indoor positioning, we found a technology called magnetic positioning. 
This technology is still developing and it is not matured and popularized yet. 

1.1 Magnetic field 
Before introduce the magnetic indoor positioning, the concept of magnetic field should 
be introduced. The Earth’s magnetic field is everywhere, it is the magnetic field that 
extends from the Earth’s interior out into space. By mentioning magnetic field in this 
report, the Earth’s magnetic field is mentioned.  

1.2 Advantages 
A magnetic indoor positioning system is an approach on data matching of magnetic 
fingerprinting. The main advantage of this approach is that it does not require any 
specific infrastructure, no Bluetooth beacons, Wi-Fi base stations, which meaning no 
power batteries and wires is needed in the system. Moreover, the magnetic field is 
everywhere around the globe, the magnetic indoor positioning system simply make use 
of the magnetic field powered by the Earth while it would be distorted by metallic 
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structure insides buildings. The metallic structure inside a building already helped 
create a distorted magnetic field that belongs to the building and belongs to every 
absolute position insides. Though the magnetic field might not be unique in every 
position insides, it is sufficient to enable the magnetic field indoor positioning system 
to become feasible and even accurate. The magnetic field insides the building have their 
own value, by mapping every absolute point with the magnetic value there, a magnetic 
field fingerprint is created and it is the only preparation that is necessary.  

The magnetic field data can be collected by a magnetometer which most smartphones 
built-in, this also make the magnetic indoor positioning system could be implement 
across different platforms. On the other hand, since any hardware infrastructure based 
IPS would need to deal with the problem of the data availability. For instance, access 
of the data collected from specific RF chips like Wi-Fi or Bluetooth. On iOS platform, 
there is no way to get a signal strength indicator like RSSI, since those technologies 
might have security issue and it is possible to be hacked, the availability would then 
decrease by the manufacture. Magnetic field would have special characteristic since it 
cannot be hacked.  

1.3 Contribution 
For my contribution in this project, I try to use magnetic indoor positioning to combine 
with the augmented reality-based positioning to do the navigation. Let the user can easy 
to finding the way to the destination. It also can help to lighten the workload of the 
matching of magnetic field by using the turning point method. 

On the other hand, I also design and develop an application that using magnetic indoor 
positioning and augmented reality-based positioning to help people finding the book in 
the library. I will use some design system in the user interface to make the application 
more user friendly and focus on the app’s interaction part to improve the user 
experience.  

 

Figure 3: The concept of application – BookFinder 

User want to find a book.

User

User open the magnetic 
positioning application.

Open the apps

The application can show 
the shortest path to the 
user.

Show location 
and path

Search the book what user 
want.

Search the book

User can arrive the 
destination with the guide 
of the AR.

Search direction 
with AR

1 2 3 4
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1.4 Difficulties 
For the difficulties to use magnetic indoor positioning combine with Augmented 
Reality-based positioning to do the navigation. When first time to test the augmented 
reality to add some label to show on the screen in real time. The label can’t stay at a 
position stable and smoothly when the user shaking the phone or move it unstable. For 
the navigation part, we also found that it is very difficult to show the visual path on the 
road that using augmented reality. Since, we don’t have enough man power to collect 
all magnetic field in the floor plan. It is hard to testing the navigation it in the real 
environment. For the app design part, because of develop it in iOS and base on iPhone 
7’s screen resolution. So, it may cause some problem’s in other devices. Those all the 
problem will discuss more detail in the other chapter. 

1.5 Achievement 
In the stage of data analysis, feasibility is assured by different kind of data testing. 
External factors such as metal, electric current can be negligible. The error caused by 
time and user’s posture can be fixed by crowdsourcing and calculate the yaw, roll, pitch 
collected by accelerometer and gyroscope. Thus, we are confident that the magnetic 
data can be used to support indoor positioning system. A simulator is also complied 
based on the distribution of data collected. This could be used for testing of running 
time and accuracy of the system in the future. 

After the survey on feasibility, implementing the magnetic indoor positioning is our 
next goal. Implementing an indoor positioning system do face on a few of technical 
challenges, including the methodology to deal with a huge amount of data, a data 
matching model customized for magnetic indoor positioning system, also a modified 
algorithm to help data matching faster. 

This document is a development research for magnetic indoor positioning. We want to 
solve the problem of route leading in a library by applying Indoor Positioning System 
(IPS). At the beginning, our group tried to solve the difficulty when user want to find 
an object in an indoor area.  

Although the magnetic field is an emerging yet incomplete technique for indoor 
positioning, we observe its potentials for the following reasons. 

1. Magnetic field exists everywhere in Earth, this can completely disregard the 
constraint of transmission distance in.  

2. As the magnetic fingerprint data of every position in an indoor area is almost 
unique, the accuracy can be up to 1 - 2 meters. 

3. Since there is always a magnetometer in smartphone, the only preinstall might 
be the installation of application. Capability is extremely high. 

This report will talk over the existing development progress and elaborate how to 
improve this technology and apply it further in indoor positioning system. 
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CHAPTER 2. RELATED WORK 

Our group tried to solve the difficulty when user want to find some object in an indoor 
area. The development of indoor positioning is not consummated, the mainstream of 
research make use of the electromagnetic waves such as Bluetooth, Wi-Fi, RFID, etc. 
We start to compare the applying capability on indoor positioning for those 
technologies. 

2.1 IPS Performance Metrics 
In this part, we will deliver more about the indoor positioning system (IPS) in different 
technologies and compare the applying capability on IPS for those technologies. We 
would analyse and compare all those technologies in all these dimension: Accessibility, 
Range, Accuracy, Security and Cost. 

Accessibility 
Accessibility is how easy that user and administrator use, maintain and manage it. 
Most of the radio frequency IPS needs some extra equipment take parts to analyse 
the user position. This make them more difficult to be manage and maintain, or in 
another word, not well accessible. On the other side, GPS and magnetic 
positioning can just be executed with user's smartphone, these two method do not 
require extra equipment and therefore, they are behaving go in the part of 
accessibility. 

Accuracy 
Accuracy define the size of positioning error in a certain area. The change of 
execution environment would affect the result of the positioning. Thus, how much 
the result that would be affected would reflect how the accuracy that the 
positioning is. 

Range 
Range is about how far the device can detect the signal of positioning from other 
devices such as beacons or satellites. Apart from ideal transmission distance, 
environment changes would also affect the range of the technologies applied. Wi-
Fi positioning would be affected by object blocking very easily, GPS cannot even 
pass through the building structure. 

Security 
Security indicate how well the system protect user from hacker’s attack or 
information theft. Prevent the user to be tracked by third party. 

Cost 
Cost usually refer to the pre-installation and designing price. Typical example is 
Wi-Fi positioning. The administrator has to design the floor plan and put the router 
on the right position in order to make the tracking work. The price for equipment 
failure repairing and old equipment replacing should also be considered as cost. 
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To the best of our understanding, most of IPS techniques are based on EM. We first 
summarize their performance with this following table that compare different 
technologies' pros and cons in positioning. The marking is based on the indoor 
application and we would have details after the table. We will discuss them in detail 
shortly. 

Table 1: IPS Comparison 

	
Bluetooth	 Wi-Fi	 RFID	 GPS	

Magnetic	
Positioning	

Accessibility	 Good Medium Medium Software 
only 

Software only 

Accuracy	 Good Medium Very 
Good 

Very Bad Very Good 

Range	 1-60 
meters 

20-
100meters 

12 meters No limit  No limit 

Security	 Good Bad Good Medium Very Good 

Cost	 Good Medium Bad No Cost Man Power 
Cost 

 

2.2  Magnetic Positioning 
Magnetic positioning is a fingerprinting solution for positioning. This is a solution that 
do not need any infrastructure hardware and have not limit on range since is it powered 
by the Earth. The further discussion will be in section 3. 

Accessibility (Very Good) 
The maintain of the magnetic fingerprinting would be the most important part of 
the accessibility since the magnetic positioning is a fingerprint based solution 
while it is a software only solution at the same time. 

Range  
Since the magnetic is powered by the Earth, the magnetic is everywhere even in 
an indoor environment like underground parking, the magnetic field could also be 
detected. 

Accuracy (Very Good) 
The accuracy is depending on the resolution of the fingerprint data. 

Security (Good) 



The Rise of Magnetic Positioning: An Emerging and Infrastructure Free Solution for Indoor Positioning 

15 of 54  25 May 2017 

The accuracy is depending on the resolution of the fingerprint data, it could be as 
accurate as it needs to be while increasing the cost of initiate the fingerprint 
database. 

Cost (Good) 
 The magnetic fingerprinting database should be conducted by manpower while it 
does cost for the initiate of the system. However, there are some collection method 
such as using robot or crowdsourcing that can make it almost free in cost. 

2.3 Comparison with EM waves based IPS techniques  
In the research stage, we found different disadvantage of Electromagnetic (EM) waves. 
Wi-Fi positioning has a low accuracy which does not allow user to find a small object. 
Bluetooth positioning require a lot of preinstall at the preparing stage. Transmission 
distance of near field communication is too short that cannot let the client devices to 
connect with the tags.  

According the discussion provided above, we realized that EM wave is actually not 
suitable for indoor positioning. We start to find other technology beside the EM wave 
and compare with EM wave. 

2.3.1 Bluetooth 
Bluetooth IPS is executed by collecting signals from BLE Beacon around the 
environment. By calculating the signal strength and matching with Fingerprinting and 
Triangulation, the position of user can be figured out easily. Thanks to the low power 
consuming of Bluetooth 4.0, Bluetooth become a commonly used IPS system. 

Bluetooth is easy to be used by user while using extremely low-power and computing 
resources. It is a wireless technology that aimed to create a PAN (Personal Area 
Network). Bluetooth limit simultaneously connect at 7 devices, speed up to 25 Mbps 
and broadcast frequency at 40 ms. Though, it does not necessary connect to an AC 
power. In the usage of indoor positioning, the Bluetooth chip stay at advertising mode 
all the time, no need to have any 2-way communication with users' devices. 

Accessibility (Good) 
BLE Beacon individual hardware. The administrator does not need to connect or 
control it through the system. It is small in size that make its installation becoming 
easy. Since it is low in electric consuming, the battery life can make it maintain 
for one to three years [1]. But still, we need to replace it after the beacon use up 
its battery. Most of the user's smartphone provide Bluetooth functions, we do not 
require extra equipment to use this technology [2]. 

Range  
Bluetooth is a short-range device. It uses a radio communications system. So it 
has different of class dependent on the power. According to the Bluetooth 
Marketing. It qualifies that class 1’s ranges most cases between 20-30m and class 
2 range most cases between 5-10m. Nowadays most of Bluetooth applications are 
battery powered class 2 devices. And the maximum range of Bluetooth 4.0 is up 
to 200f (60.96m). 



The Rise of Magnetic Positioning: An Emerging and Infrastructure Free Solution for Indoor Positioning 

16 of 54  25 May 2017 

Accuracy (Good) 
Bluetooth and Wi-Fi both using 2.4 gigahertz frequency. In fact, 2.4GHz radio 
signal is easy to be affected by environment. For example, the blocking of human 
body and objects [3]. The accuracy would be increase with the distance from the 
beacons as well. Apart from this, by using different algorithm, there is a large 
range of error. The error is usually between 0.7m to 10m [4]. 

Security (Good) 
Bluetooth can be hacked and spoofed by hackers. Bluetooth has three security 
mode, the security mode 3, which is the most security mode, is using 
authentication and AES-128 encryption based on secret key. However, since 
Bluetooth is normally equipped a low-class specification and that narrowed down 
the application after it being hacked. On the other hand, hacker can hack the 
Bluetooth profile, clone it and spoof itself as a Bluetooth device that has been 
already paired. 

Cost (Good) 
Bluetooth beacons is not expensive at all. For example, Gimbal Proximity 
Beacons, its cost between $5 - $30 [5]. There is different type of beacons that have 
lots of additional function as well. However, if we compare it with magnetic 
positioning or GPS. Bluetooth is not recommended since it is not costless. 

2.3.2  Wi-Fi 

Wi-Fi indoor positioning is usually being achieved by collecting wireless access points 
(AP) or Wi-Fi hotspot signal with smartphone. By receiving the AP signal’s MAC 
address and SSID to the database. We can calculate the user’s coordinate as we already 
know where the AP or hotspot is [6]. 

Accessibility (Good) 
The Wi-Fi system is widely used so most of library will have installed. Data 
collection is also easier for Wi-Fi coordinating as all calculation can be done in 
the router, user just need to connect. Therefore, it is also easier to get crash as 
more and more connected users' electronic devices. It allows users to connect to a 
WLAN, provide internet access and so much more features. The variety brings 
the problem of meeting hardware limit. However, Wi-Fi has a big broadcast range 
so it does not need a lot of new equipment compared to Bluetooth and RFID, and 
user do not need to open the application to do the positioning.  

Range  
The signal range of Wi-Fi depends on the frequency band, radio, the gain of 
antenna and the type of antenna. Most of the access point also use 802.11b or 
802.11g. The range can up to 330ft (100m) and the minimum of can over 20m. 

Accuracy (Good) 
Wi-Fi IPS accuracy is usually more than 2m. This is all depended on AP 
contribution density, environment, and the AP’s model. In, fact, it could be 
improved with algorithm down to about 1.5m. Since Wi-Fi and Bluetooth both 
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using 2.4Ghz signal, it is easy to be affected by others signals. Same as Bluetooth, 
it would be affected by human bodies and objects easily as the signal cannot pass 
through [7]. 

Security (Good) 
The signal range of Wi-Fi depends on the frequency band, radio, the gain of 
antenna and the type of antenna. Most of the access point also use 802.11b or 
802.11g. The range can up to 330ft (100m) and the minimum of can over 20m. 
Wi-Fi is hardly being hacked if its configuration is in high security. Wi-Fi support 
four security method, WEP, WPA, WPA2 and WPS. The most security mode, 
WPA2-PSK with AES-256 encryption, the only way the hack it is the method of 
exhaustion, it takes years to crack a complicated password. However, the Wi-Fi 
AP can be caused overload maliciously. Wi-Fi is easy to be connected and got 
crash by the users' electronic devices. It allows users to connect to a WLAN, 
provide internet access, VoIP while having no limitation on how many connection 
can be established. However, Wi-Fi AP has hardware limit and it depends on the 
specification and setting of the AP, including encryption method, size of traffic, 
modulation type, etc. Wi-Fi AP normally does not equip high performance 
hardware while running too much computation for providing services like 
firewall, VPN, routing, etc. It is very easy to be disabled just because of highly 
usage. When Wi-Fi technology is used in indoor positioning application, its 
dependency on high computation power and high power energy may lead to the 
issue of single point of failure. When the power is down, all the Wi-Fi AP 
shutdown and disabled. 

Cost (Good) 
The cost of Wi-Fi indoor positioning always increases with the size of the 
building. Since buildings always need Wi-Fi networks, positioning is only a by-
product. The cost of the APs should not be calculated. However, the costliest part 
of Wi-Fi IPS is the design of the floor plant and the system since we need to 
consider how to put the APs so that the performance of positioning would be 
better. 

2.3.3  Radio-frequency identification (RFID) 

RFID system consists of tags and readers. There are two type of RFID – active RFID 
and passive RFID. For the indoor positioning, when people in the location system. The 
scanner base on the tag to scanner’s minimum distance to determine the position of that 
person. The distance is depending on the radio frequency, it operates on low frequency 
(LF), high frequency (HF) or ultra-high frequency (UHF) bands. 

Accessibility (bad) 
RFID requires rather more pre-installation for indoor positioning. For hardware, 
we need tags, readers, reader controls, etc. We also need a special system to 
execute it. These is not commonly used. The user need to do a check-in action on 
any RFID tags that are already installed in the venue, the produce is inconvenience 
to the users.  

Range  
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Range of RFID depends on the bandwidth of the transmission wave [8]. 

Table 2: Transmission range of RFID 

RFID	frequency	 Bandwidth	 Range	

Low	frequency	(LF)	 30KHz -300KHz ~10cm 

High	frequency	(HF)	 3KHz -30KHz 10cm – 1m 

Ultra-high	frequency	(UHF)	 300MHz – 3GHz 12m~ 

 

Accuracy (very Good) 
RFID does have a different range on accuracy depends on the types of the tags 
while the technology is capable for building a very high accuracy indoor 
positioning, more than 90% accuracy within 5 meters [9]. 

Security (Good) 
There is no main threats on IPS. Being a point-to-point network technology, RFID 
unlike other WPAN technology (Wi-Fi, Bluetooth, etc.). RFID tags do not 
broadcast all the time like a Wi-Fi router does, it can only respond when a RFID 
reader request it to. The communication duration and distance is short and needed 
a RFID reader to read all the tags. RFID use two types of encryption method, 
password protected without key-management infrastructure and password 
protected with key-management infrastructure (for ex., asymmetric AES 
encryption) [10] 

Cost (Good) 
Since RFID solution is highly variable, the cost of a RFID IPS is associated with 
the level of quality of the RFID tags and reader have been chosen [11]. To 
accomplish a complete and accurate RFID IPS, much more tags/facilities is 
being used compared to other solution. 

 

2.3.4  Global Positioning System (GPS) 

GPS is a good solution for outdoor positioning. However, GPS signal is at a low 
frequency (Two utilized frequencies, L1: 1575.42 MHz and L2: 1227.60 MHz) that the 
wave is unable to pass through solid structures. Therefore, when we are in a building, 
the device cannot receive the signal from the satellite. Thus, the GPS positioning will 
become extremely unstable. 

Accessibility (Software only) 
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GPS has extremely good performance at accessibility. There are lot of satellites is 
built. For example, GPS from USA, GLONASS from Russia and BDS from 
China, etc. 

Range  
GPS has no limit in range. But sometimes, when you try to use it in basement, 
your device might not able to get the location since the signal cannot reach 
underground space. 

Accuracy (Very bad) 
GPS has extremely bad accuracy performance at indoor since there are no signal. 

Security (Medium) 
The security is good at the satellite side but variable at the receiver side since there 
are different level of quality of receiver is being made. Spoofing a satellite and 
communicate to the receiver is possible. 

Cost (Very Good) 
GPS satellite is built by countries for free. The only cost is the receiver, it is low 
cost and is built on most smartphones. 
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CHAPTER 3. Survey on Magnetic Positioning  

 

Figure 4: Geomagnetic positioning framework 

The figure above shows how existing magnetic IPS work. The existing system is 
basically divided into two parts. Offline part used for client data collection. Online part 
used for data matching, alignment, and user coordinating. 
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Figure 5: Inertial navigation flow 

 

3.1.1  Data type 

Magnetic field has its direction and magnitude, or in another word, magnetic field is 
kind of vector. In this system, we try to solve the problem in a slight of processing 
magnetic field as vector. We collect three different data magx, magy, and magz. Which 
represent the current position field divided into three axis. Each director magnitude. We 
also have the physical coordination x, y representing client’s position. Those 
coordination always followed by floor plan. This allow us to connect the relationship 
between field vector and the physical position. 

3.1.2  Existing flow 
First of all there's a built-in floor plan. This database should include the magnetic 
vector for each coordination. After client’s device get the magnetic vector, the system 
is then align the data with the built-in map. By aligning the magnetic vector, we can 
return the coordination of the client. In addition  

3.2 Data analysis 
In order to lead the client, the first thing we have to know is how precise our data is. 
We have to make sure this technology has a high feasibility before we start our 
development. Thus, we made few small experiment for testing the feasibility of the 
basic data collection of magnetic positioning. 
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3.2.1  Collection concept 

 
Figure 6: Testing environment 

 

In most of our testing, we had set a 5 x 5 square area with marked coordinate and 50cm 
between each point. For each point we will also record the data that when the device is 
put in 8 different direction. After we build up a magnetic map, we would try to record 
a path of magnetic magnitude and use DTW to score the path that match with a path in 
the map.  
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Figure 7: The idea of magnetic magnitude 

In order to approach positioning, we have to collect data in register phrase to build up 
a map of magnitude corresponding to the physical location. In the process, few types of 
data is being collected, which include magnetic magnitude, yaw, pitch, roll, physical 
coordination. The concept is mainly achieved by magnetic magnitude and physical 
coordination. Yaw, pitch and roll is also recorded for further analyse of data reliability 
and data optimization. 

 

Figure 8: Data collection intention diagram 
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Figure 9: Data collector inside devices [12] 

The magnetic data are recorded by the magnetometer, which can digitize the magnetic 
vector passing through the magnetometer. The yaw, roll and pitch are recorded by three-
axis accelerometer and gyroscope, which able us to fix magnitude error caused angle 
difference as the user hold the device with their own posture. 

This can help us to improve the error caused by direction deviation. To achieve this 
function we have to record magnetic data from eight direction in one position. 

 

Figure 10: Hit map of 5x5 area magnetic magnitude in 8 direction 

The system relied on measuring the measuring similarity between two temporal 
sequences of magnetic magnitude. We can calculate the magnetic magnitude by getting 
the root of Mx^2 + My^2 + Mz^2. In which, Mx, My, and Mz representing the 
magnitude of three direction of the magnetic vector. In addition, since that the influence 
of magnitude from the direction is measured to be regular curve change. Yaw, roll, and 
pitch can help us to further optimize the data accuracy. 
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CHAPTER 4. SYSTEM OVERVIEW 

  

4.1   Software Architecture 
The magnetic indoor positioning system is a magnetic field fingerprint mapping 
system on mobile device, it calculates the result of the best matching absolute position 
for the user’s current position in an indoor environment. The whole software system 
includes 3 main part: Magnetic Fingerprint Sample Collect System, Data Filtering 
System, Data Matching System. 

 

Figure 11: Magnetic indoor positioning system 

The system has been design to have two main stages: Data Collection Stage and 
Ready-to-use Stage. To build the whole system, on the data collection stage, the 
owner of the system should finish collecting essential data samples for the system to 
build a complete magnetic field fingerprint database. Once the data collection is 
completed, the system would be ready-to-use and jump to the ready-to-use stage. In 
this stage, the system can be deployed to the user and operate. 
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Figure 12: Magnetic fingerprint sample system 

The Magnetic Fingerprint Sample Collect System is the system for the owner to 
record the sample data for building the complete fingerprint database for data 
matching. The system makes use of the magnetometer on a mobile device to collect 
the data. The collection can be done by multiple people or automated bot at the same 
time, however, the data segments should be merged into a united database. 

 

Figure 13: Data filtering system 
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Figure 14: Data matching system 

The Data Filtering System and the Data Matching System is present in Ready-to-use 
Stage. Every time the user update the activity status or positioning itself, the system 
will iterate the ready-to-use stage. First, the whole database is available for the data 
filtering system to filter the data that is not suitable for the current computation, to 
minimize the size of the data that need to be computed. The system would base on the 
data that collected from the gyroscope, accelerometer and the magnetometer to 
determine what the suitable data for computation on the current time is. Moreover, the 
system would compute all the possible path that the user might be going and ignore the 
corresponding rest of the data, to enhance the application efficiency. The data matching 
system is aimed to make use of the filtered data and the data that comes from user to 
achieve the positioning application. The system should then try to train all the samples 
from data filtering system and match all of those data with the data that user collected 
at the time. Through adopting Dynamic Time Wrapping and kth Nearest Neighbour, the 
system should finally get a ranking list of the matching result, the most assured result 
which is on the top of the result will be shown to the user. However, the computation 
time cost might be high, which is a common issue on a fingerprinting system, the 
pruning skill is also applied in the system for optimize the computing efficiency. 

  

. 
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CHAPTER 5. AUGMENTED REALITY 

5.1 Introduction of AR 
Augmented reality (AR) is a technique that can calculate the position and the angle of 
the camera to add some virtual elements generated by the computer in it. Such as 
graphic, sound, video or some GPS data. It can let the user live preview or interactive 
with the virtual elements in the real-world environment though the screen. Nowadays, 
different of area such as architecture, commerce, education, games, medical…etc. 
trying to use AR to do things more efficient.  

5.1.1 Motivation  

When we are developing the application of the magnetic indoor positioning. We think 
that when user use the mobile phone to see the map and check the location. The user 
will put his phone down horizontally and bow down his head to look the phone. Because 
most of the people need time to imagine and see the environment around him to match 
the map. It will spend a lot of time in it. Also, some of the people don’t know how to 
use the map for position and orientation.  

 

Figure 15: The case of user use the map for navigation 

So, we try to add one more for navigation method - the Augmented Reality-based 
positioning to solve this problem. It can let user easily to know where and which 
direction he should go. And don’t need to spend time to think or confirm where they 
are. 

 

Figure 16: The case of user use AR for navigation 
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5.2 Methodologies & Implementations 

5.2.1 GPS Augmented Reality-based positioning 
Most of the Augmented Reality-based positioning for mobile devices is using in 
outdoor. It will get the user longitude and latitude form GPS data and display user’s 
Point of Interest (POI). Longitude and latitude is the geographic name same as the x 
and y value in 2D Cartesian system. POI is a location point that can show the sign is 
useful or interesting for the user such as landmark, viewpoint, different commercial 
organization (shop, supermarket, restaurant, carpark…etc.).  

 

Figure 17: Viewing of POI pointing 

The POI are also need to include their position and other properties. To show this on to 
the screen, we need to calculate the relative of these POI and the user’s position and 
change them to the screen coordinates. First we need to collect the user’s mobile phone 
yaw or roll data. It is given by Euler angles in iOS’s CoreMotion coordinate system(see 
figure 15). And then make it be the heading orientation value.  

 

Figure 18: CoreMotion Coordinate System 

Next, We need to use some basic trigonometry to calculate the location of the user and 
the location of each POI. And covert the POI’s longitude and latitude position in the 
radians. And calculate the angle of the camera heading and POI. 
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Figure 19: user position and POI location in radians 

To calculate the distance of user to the POI point, we need to use Haversine formula 
to calculate the great-circle distance between two points. 

𝑥 = 	𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 = arccos sin 𝑃<=> ∗ sin 𝑈<=> + cos 𝑃<AB ∗ cos 𝑈<AB ∗ cos 𝑃<AB − 𝑈<AB  

𝑦 = sin 𝑃<AB − 𝑈<AB ∗ cos	(𝑃<=>) 

𝛼 = atan2	(y, x) 

Equation 1: Haversine formula 

And then set the heading angle same as azimuth. An azimuth is a spherical coordinate 
system for angular measurement. When the angle is 0°, it mean that it point at the north. 
To project the POI on the screen. We set each POI on to the horizon line and according 
different azimuth to set the position. 

 

Figure 20: Azimuth heading 
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5.2.2 Magnetic Augmented Reality-based positioning 

For magnetic indoor positioning, we can also use the same method of GPS AR-based 
positioning to achieve this. It is because when we can collect all the magnetic field data 
for all the indoor area. The magnetic field date can generate the custom indoor 
coordinates. And then we can use these coordinates to replace the GPS data. the 
longitude and latitude will become the indoor coordinates of x and y.  

But indoor navigation is different to the outdoor navigation. For outdoor, most of the 
POI in other application will show out that each shop or the place’s name. 

 

 

Figure 21: outdoor AR application's POI 

For indoor AR navigation we can’t just set the POI position to the end point, the user 
also don’t know how to walk to the destination. So, we set each POI to each turning 
point. To navigate the user which is the correct direction in each turning point until to 
the destination. 

 

Figure 22: Turning point navigation 

5.2.2.1 Turning point detection 
We also found that using the magnetic for AR indoor navigation. It can help to reduce 
the work for match the magnetic field value. Because showing the user location on map 
in real time, the phone need to calculate and match the magnetic value in every moment. 
It will take up a lot of RAM in the phone. So, we try to collect each turning point’s 
magnetic value.  
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Figure 23: Magnetic detection of each turning point 

When user walk into the magnetic detection area, the IPS will begin to identify and 
update the user ‘s position. Also, it will show next following turning point to the user. 
Although it solves the problem of matching magnetic value in every moment. It also 
need time to match the user’s walking path in the turning point. Because the IPS will 
calculate all the possible path that user will walk in the detection area. The user maybe 
stop or turn around in the turning point. It will have many unexpected probability 
happens. So, we change the detection area that can reduce the user possible path. 

 

Figure 24: Detection area near by the turning point 

 

Finally, we change the detection area near by the turning point. It will set at the begin 
and the end of the corridor. Most of the people walk into the corridor will not suddenly 
stop or turn to other direction. It can reduce many unexpected probability happens. Most 
of the cases are go straight or go back. 
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Figure 25: Predict user walking direction 

When the user walk through the detection area, the IPS can identify where is the user. 
It also can advance and update the POI to next turning point. But the disadvantage of 
this method will need more man power to collect the magnetic field value. 

5.3   Outcomes 
Because of the iOS app developing, I use swift language to develop this augmented 
reality. I use the open source library “HDAugmentedReality” developed by 
DanijelHuis to combine the magnetic IPS. For the result, it works successfully to 
display the POI and calculate the azimuth and distance. But we don’t have enough 
magnetic field data to do the testing for the real environment, it need to much time to 
collect the magnetic data. So I use some simulation data to do test. The following 
figures is the test result of the augmented reality-based positioning.  

 

Figure 26: The AR view of the begin of the corridor 
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Figure 27: The AR view of the end of the corridor 

When the user walk through the begin of the corridor, the mobile phone screen will 
display a POI label that tell the user should go to this turning point. When the user walk 
through the end of the corridor, the POI label will tell the user that he need to turn to a 
new direction. And then it will follow this rule until the user arrive the destination. 
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CHAPTER 6. APP DESIGN SPECIFICATION 

For the application of magnetic indoor positioning. We choose to use it in the UM 
library. It is because the environment of library is very stable. There are not many 
electronic devices and people moving around to interference the magnetic field. On the 
other hand, we found that it is hard to finding a book in library when you only know 
the book’s name. If people need to find a book into the library, he need to know that 
which category the book is. If he knows which category the book is, he also need to 
find a way to that category’s area. When he arrivals that area, he also need to find each 
bookshelf and check each book’s name. So, I design a app call – BookFinder that can 
help people to find the position of the books and the library’s places easily.  

 

Figure 28: BookFinder Logo 

At the beginning, I summarize some main points that this app must include. 1. This app 
need a search book or place function. 2. This app need to use the magnetic indoor 
position system. 3. This app can do the AR navigation. 4. This app can suggestion some 
books to the user according to their interest. Finally, I design the concept of BookFinder 
(see Figure 24) that include the main functions. 

 

 

Figure 29: BookFinder concept 
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6.1 User interface 
This app is based on iOS system for the iPhone user and develop it in swift language. 
So, I based on the Apple’s iOS human interface guidelines [13] to design this app’s user 
interface. 

6.1.1 Wireframes 

 

Figure 30: BookFinder wireframes flowchart 
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This is the wireframes of the BookFinder, it is a draft that show how the page look like. 
It also shows out that the flow between different screen. In the flowchart’s screen 1 is 
the home page of this app, the user can use the search function or see what is the newest 
books and suggestion books. Screen 2-6 show out how the search function work. The 
user can search the book name or place, and then it will show the location on screen 9. 
For screen 10-11, it is the navigation page and the navigation function is based on the 
magnetic indoor positioning system. Screen 11 is using AR to navigate user to the 
destination. 

6.1.2  Design system 

6.1.2.1 8-point design system 
For the design system, I try to use 8-point design system by Bryn Jackson who is the 
most study in this system [13]. The benefit of using 8-point design system is the even 
number. When using an even number to size or spacing element to make scaling. It can 
make the pixel-fitting on the screen. For example the different of scaling the 4px grid 
and 5px grid by 1.5x. The 5px grid will have a half pixel offset. 

 

Figure 31: The different of scaling the 4px grid and 5px grid 

In the other hand, using 8-point design system can make the app’s layout have a 
consistency that also is a reason how to make the UI have a professional and trustworthy 
appearance. 8-point design system is using multiples of 8 to set up the grid and each 
element’s padding, margin, width and height. 

Another reason of choosing base on 8-point, not 6 or 10 point is most-used screen 
resolutions are multiple of 4 or 8 points. So that it can easy to the auto layout in different 
screen perfectly. Some of the special screen resolutions like iPhone 7 is 375 x 667 
points, but it can also work for keeping the consistent of the each elements padding and 
margin. Most of the element in apple are sized fit to 4 point and it have a minimum 
margin and padding of 8 point (see figure 32) . 

4px grid 4px grid5px grid 5px grid

1x Export 1.5x Export
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Figure 32: Apple's design general rule [13] 

There have two method of this system – Hard grid and soft grid. For hard grid method, 
we should group every element into a small group, and then grouping every small group 
into a big group. Next, we need to set up every group’s margin and padding that 
multiples of 8pt.  

 

Figure 33: Hard grid method 

For soft grid method we need to set up each elements position which is relative to 
another individual elements. This method is good at programming, it is because most 
of the application data gat from the database and it will generate the data in a sequence. 
It can make the programmer easy to develop or add elements easily. The example you 
can see it in the auto layout chapter. 
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6.1.2.2 Auto layout 

 

Figure 34: Using auto layout in 8-point design system 

This figure is showing that different device also can fit to use 8 point system with auto 
layout. For implementation of enable the app to fitting different mobile device screen 
resolutions base on 8 point system. I use this Swift’s syntax which comes from UIKit 
framework to achieve it, the following code is the example that how to use the auto 
layout base on 8 point system and soft grid system.

//  User image's position 
let userImgTop = 
NSLayoutConstraint( 

            item: userImg, 
            attribute: .top, 
            relatedBy: .equal, 
            toItem: reviewTitle, 
            attribute: .bottom, 
            multiplier: 1, 
            constant: 24) 
         

let userImgLeft = 
NSLayoutConstraint( 

            item: userImg, 
            attribute: .left, 
            relatedBy: .equal, 
            toItem: cardView, 
            attribute: .left, 
            multiplier: 1, 
            constant: 32) 
 

//  User name's position 
let userNameTop = 
NSLayoutConstraint( 

            item: userName, 
            attribute: .top, 
            relatedBy: .equal, 
            toItem: userImg, 
            attribute: .top, 
            multiplier: 1, 
            constant: 8) 
         

let userNameLeft = 
NSLayoutConstraint( 

            item: userName, 
            attribute: .left, 
            relatedBy: .equal, 
            toItem: userImg, 
            attribute: .right, 
            multiplier: 1, 
            constant: 16) 

 

Figure 35: Autolayout implementation using soft grid method 

When you starting a company you are thinking on how to 
cut expenses. One of such options to cut the startup costs 
is a company logo design. But is it good idea to order a 
cheap logo or work without company logo at all?

Logo represents company’s identity. First impression is 
made by logo or its absence. To know the importance of 
a logo just answer one question: “How many big, leading 
and famous companies don’t have logos?” If you 
company doesn’t have a logo this can raise doubts and 
negative thoughts. If logo was made by non-professional 
designer or made by owner of the company it is 
sometimes worse than no logo at all.

One of the popular questions is – why my logo should be 
custom? If logo is created with the use of a clipart 
(premade graphic elements from the public collections) it 
may look like or be identical to other logos and even your 
competitors’ logos. This will make identification of your 
company difficult or your logo may be easily mixed up 
with logo of another company. This situation may harm 
your reputation and money invested in marketing of your 
brand will be wasted. Good company logo reflects the 
main point of your company, its values and helps in 
successful development of the business. Also, it is 
important to distinguish the logo design for big 
companies and start-ups. Logo for the big company may 
consist only of a one graphic element (Nike swoosh) and it 
will be easily identifiable but for small company such logo 
is a bad idea because you will need to spent huge 
amounts of money to promote it.

When owner of the company decides to create logo 
himself results are rarely look professional. Results of his 
work may serve as concept for a new logo but not as 
logo. To create a successful logo you need more than 
Photoshop and tutorial from the internet. You need to 
have knowledge of the basics of design at least; you need 
to have experience in logo design. Bad logo is worse than 
no logo.

Company logo is one of the must have attributes of the 
successful business. High-quality business card may tell a 
lot about its owner as well as a bad one. Let’s sum up. 
Logo should be custom and designed by a professional 
logo designer. You’ll never have a second chance to make 
a good first impression. You have just a few seconds to 
attract the attention and to make first impression. In many 
ways first impression depends on your logo. Successful 
marketing of your business starts with a successful 
corporate identity.
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Edwin Thornton
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6.1.3 Interaction flow chat 

In this part, I will discuss about the interaction flow chat. This following picture is the 
result of using 8-point design system to design the BookFinder user interface in 
different page. Nest I will use this picture to discuss to the flow in detail. 

 

Figure 36: BookFinder user interface 
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For the flow of the screen 1 and 6, screen 1 is the homepage of BookFinder. ON of the 
main function in homepage will show the book that the library recommends to the user, 
maybe some of the event held in the library, the library also can use it to do the 
promotion. User can see what book is interested in. When user click the book, it will 
show out the location of it. 

 

Figure 37: The interaction flowchart of 1 and 6 
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For the flow of the screen 1, 2, 3, 4,7, 8 and 10. It show that another main function in 
homepage – search function. When the user click the search bar on the homepage, it 
will go to the search page. When the user not typing word on the search bar, the screen 
will show the search record which user searched in previous day. If the user is the first 
time to use the search function, it will show out the recommend book to the user. When 
user typing the name which the user want to search on the search bar. It will display the 
key word what user is typing dynamically. When user pass the enter on the keyboard, 
it will do the search not just according to the book’s name. and show out the book cover 
photo in 2x2 grid. If user want to see more detail. He can click the list button to change 
the view of searching result. In this search process, the user can click the book that what 
he wants to search, the result of it will show out the book’s location. 

 

 

Figure 38: The interaction flowchart of 1, 2, 3, 4, 7, 8 and 10 
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For the flow of the screen of 6, 9 and 10, it is a long scroll page, when the people click 
the book, it will show the book location first. In this view, use can see which floor they 
are, and the time to arrival the destination. If the user want to see more detail of the 
book, he can scroll down to see it’s description, bookshelf location, commend of the 
book…etc. When the user scroll down to the book cover part, The GO button will 
change to the book mark button, and then the tab bar will appear on screen of the bottom 
to let the user go to another page quickly. 

 

Figure 39: The interaction flowchart of 6, 9 and 10 
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For the flow of the screen of 9,10, 11 and 12. When the user click the GO button, the 
system start the navigation function. When the user use the AR mode, it will show the 
POI label “Go here” to tell the user go to the each turning point. When the user almost 
arrives to the turning point, it will tell the user need to change the direction. Also there 
have a card view show the detail what the user need to do on the bottom of the screen. 
User can swipe it up to see how to go to the destination step by step. When he arrive to 
the destination, it will show the bookshelf position which have the target book to the 
user automatically.  

 

Figure 40: : The interaction flowchart of 9, 10, 11 and 12 
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6.1.4  Interaction design 

Interaction design is talking about how user interaction with the product or UI that can 
enable the user easy found the best way to achieve their object. So, for interaction 
design, I focus on use animation to attract people to make them know what they should 
in the next step. For the animation setting, I follow the rules of Google’s material design 
[15] to make the interaction and improve the user experience, I also use the animation 
framework for Swift call Hero developed by Ikzhao [16] to do the implementation. A 
good animation can guild the user completes the flow easily.  

For example, when user click the search bar, the block of the search bar will scale and 
become the search page’s search bar. It can tell the user that he should do the searching 
in this search page’s search bar. This also a transitions animation that make the user 
don’t know the application is changing the page. 

 

Figure 41: Transition animation of search bar 

For the animation of near book suggestion page part. First, we show out all the 
annotation point on the map, it can let the user know that the total amount of the 
suggestion book. It also will show that path which is showing the book card on the 
screen view (see the figure 42). When user scroll it horizontally, it will stop at another 
book of card view. And then it will show this book’s location. The reason of this 
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interaction design about showing the path one by one. Because it can let the user focus 
on where they need to go according to the selected book. 
 

 
Figure 42: The interaction design of suggestion books 

 



The Rise of Magnetic Positioning: An Emerging and Infrastructure Free Solution for Indoor Positioning 

47 of 54  25 May 2017 

In the other hand the search bar will change the state that according to user’s action. 
When the user go to the search page through the tab bar’s search button. The search bar 
will display the normal view (see figure 43). When he user selected the search bar, the 
search bar will show the red line that to remind the user can type now. Also, the back 
button will hide, because we want the user to focus on typing and it also can make the 
search bar have more space to display the type. You also can see that the left of search 
bar has a search icon in normal state. The function of this icon is to remind the user that 
can doing the search function here. When the search bar is going to the selected state, 
it will change to cancel button, let the user can go back to the normal state that not doing 
the search. When the user submitted the search, the back icon will show it again. To let 
the user can go back the typing state. Also, the text field background color will change 
to gray color, let the user know that this element can be tapped. When user tap on it, it 
also will go back to the typing state. It provides two different method to the different 
user to change their searching.  
 

 

Figure 43: The state diagram of the search bar 
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In the book location and book information page, in the fact of it, there are hiding a 
navigation bar on the top of the screen and a tab bar on the bottom of the screen. It will 
according to different situation to show and hide it. In the first view of showing the 
book’s location, I will hide the navigation bar and tab bar. Because the location path is 
the most important element that I want to show to the user. I want to user can focus on 
the location part, and know that there have a go button that can navigation them to the 
destination. When the user try to scroll down to see the book’s information. First it will 
show book cover and the tab bar also will appear on it. If the tab bar not appear on it, 
the user can’t do anything expect the scroll function. So we need to show the tab bar to 
let the user can change to other page easily. When the user continue to scroll down. 
This also mean that the user have interest to know more about this book. So, I hide the 
tab bar let the screen can show more that make the user can read it easily and no other 
thing to can get attract of the user. When the user scroll down the view that can’t see 
the book’s name, I need to add the navigation bar on it to remind that which book the 
user are looking for. It also can give a chance that if user want to another page.  

 

Figure 44: the animation of the tabbar and navigation bar 



The Rise of Magnetic Positioning: An Emerging and Infrastructure Free Solution for Indoor Positioning 

49 of 54  25 May 2017 

CHAPTER 7. TESTING & EVALUATION 

The first testing for Augmented Reality based-positioning, it can correctly show the 
point of interest (POI) on the AR view. However, if I move the camera too fast, it will 
not pin on the position. To solve this problem, I try to change the smoothing heading 
factor in it to make it more stable. 

// Smoothing out heading 
currentHeading = (newHeading * filterFactor) + (currentHeading  * (1.0 - 
filterFactor)) 

For the result of it, I found that if we use the smoothing heading factor value 1, the POI 
label will show it smoothly on the screen, but the disadvantage of it is can’t pin on the 
position when the camera moving fast. If we don’t use the smoothing heading factor 
value 0. The POI label can pin to a position successfully, but it will show out like it is 
vibrating. Finally, I set up a balance value that can fit to this two situation. 

 

Figure 45 Touch area size 

For the application part, I invite some people to test this app BookFinder. The feedback 
of the first test is most of the people think that this app has a good user interface and 
user friendly, it is easy to use and simple. And they also give me some suggestion to 
my app. They think some of the button touch area can bigger. It is because they need to 
touch a button such as cancel button, search button…etc. in a few times that can make 
them go to next step. Finally, it let me know that I need add a bigger touch mask to each 
button and set the touch area size should be at least 48 x 48 pt (see figure 45) . 
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CHAPTER 8.  ETHICS AND PROFESSIONAL CONDUCT 

This chapter will talk about the ethics and professional conduct in computer science, it 
is formulated by association for computing machinery (ACM). I will talk the Ethical 
considerations that this project may violated. 

1. Give proper credit for intellectual property 

I will give the proper credit that when I use some framework library which is open 
source on the internet, or use the design system based on other organization, or using 
some famous formula…etc. to protect the origin integrity of intellectual property. 

2. Respect the privacy of others 

Because we are doing the indoor position system, we need to get each user’s position. 
So, we should ask user to agree that we will get their position and have right to protect 
each user position privacy. Don’t let the privacy data exposure to others. 
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CHAPTER 9. FUTURE WORK & CONCLUSION 

In this chapter I will summarize and discuss about the future work of this project. 

9.1 Conclusion 
According to our group work, the result of magnetic indoor positioning has a positive 
result. Although we can’t get the all magnetic field value to testing it in the real 
environment, it shows that it is work and it have a very good development potential. It 
can use in different indoor environment without any devices to do the indoor 
positioning. So, it is very good for some healthcare place which can’t use too much EM 
wave to discourage their device. To combine it with augmented reality based-
positioning, it has benefits for each other. It can lighten the workload for matching the 
magnetic field value by using the turning point method. To the application part, it shows 
that have a good design system and a good interaction design can give the user a good 
experience for using the application. 

9.2 Future work 
For magnetic indoor positioning, it can use to combine the tracking software to do the 
users tracking. For business value, magnetic indoor positioning can do the user tracking. 
For example, if shopping mall use this magnetic indoor positioning. To the user, user 
can use it to find the place and get some special promotion. To the shopping mall. First, 
it can send the promotion or some special event that according user’s special area. Also, 
it can check which place is the most people stay or walk through. So that the organize 
can set some marketing strategy to get more income on there.  

 

Figure 46: The concept of use tracking software 

For augmented reality based-positioning, to improve better user experience, I think it 
can add some notification (see figure 47) to let the user know their direction is wrong. 
So that they don’t need to spend time to find the POI label. Finally, I will try to add and 
show the virtual path on the road through the augmented reality. 
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Figure 47: Add notification to the AR screen 

For the application of BookFinder, I think it is good to combine it into a complete 
library system which include the function of borrow books and manage books …etc. 
Because it is less of library application that can do the indoor positioning for finding 
the books. In the other hand, I also will try to get the user’s search record or check each 
book’s clicks amount. To know that most of the user’s interest or what the users like. 
At the end, it can according to the user interest to suggest that kind of book to them. 
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