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ABSTRACT 

Existing indoor positioning systems require some infrastructure setup, e.g., Wi-Fi 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 free solution 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 a Dynamic Time Warping (DTW) 
like algorithm does the estimation. In addition, we also study some pruning strategies 
to improve the computation time further.  

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, which 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 car park. 
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. Owing to magnetic field exists 
everywhere, we can collect a magnetic vector at any position whenever necessary. 
However, field might be affected by environment change. Which we have to solve by 
recollecting data. 

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 nor Wi-Fi base stations, which means no 
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power batteries and wires is needed in the system. Moreover, the magnetic field is 
everywhere around the globe, and the magnetic indoor positioning system simply 
makes use of the magnetic field powered by the Earth.  It would be distorted by metallic 
structure inside buildings. The metallic structure inside a building helps to 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 at any point inside the building has its 
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 
have built in. This also allows the magnetic indoor positioning system to be implement 
across different platforms. On the other hand, every hardware infrastructure based IPS 
needs 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.  

1.3 Contribution 
In the report, I take part in the data collection and analysis, and simulation. In order to 
finish the work with my team, I try to point out how the data should be saved that can 
make some strategies work. Such as saving magnitude from eight different directions 
that allow us to fix the error caused by direction deviation. The testing is also being 
held to suggest the feasibility of the system. In addition, a simulator, which follow the 
behavioural of data collected, is also computed for further use for testing of system 
development in future. 

1.4 Difficulties 
Magnetic positioning is free in infrastructure stage. However, the built-up of the system 
is costly due to the collection workload. Especially building the map up by human 
power is extremely costly. The mapping of the whole building would be hardly possible 
without applying turning point theory. 

The change in data is affected by different factors when takes us a lot of time to 
overcome and analyse. For instance, we found out that the direction of device would 
probably affect the magnetic magnitude at the same position. Which mean the posture 
of the user holding the phone would easily affect the data collected for calculating.  

At the beginning stage of our project, a large difference of magnitude is also found 
when we record the data at the same position before and after a week. During the 
investigation period, we are putting the device on a table which some parts of it is made 
of metal. We did not figure out the problem at that time and lots of testing were done 
in order to fix the error. 

We tried to have a test in the real scenario such as a library. However, it is hard to build 
up a data collection environment in a crowded building due to the large area consume. 
Thus, we do not have a chance to test this system within a crowded public area such as 
a library. 
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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 faces a few technical challenges, 
including the methodology to deal with a huge amount of data, a data matching model 
customized for magnetic indoor positioning system, and a modified algorithm to help 
data matching more efficiently. 

This document is a development research for magnetic indoor positioning. At the 
beginning, our group tried to solve the difficulties when user want to find an object in 
an indoor area. After the researching stage, we decided to solve the problem of 
navigation in a library by applying Indoor Positioning System (IPS).  

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, which completely disregard the 
constraint of transmission distance.  

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 of the 
system 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 different technologies for indoor positioning 
system (IPS) 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 the degree of easiness in which a user or administrator use, 
maintain and manage the system. 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 Manpower 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 (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 (Good) 
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. 
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Security (Good) 
There is no security issue specific for indoor positioning since this is a software-
only solution. 

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 40ms. 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 
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battery powered class 2 devices. And the maximum range of Bluetooth 4.0 is up 
to 200f (60.96m). 

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. 
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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 
using 2.4 GHz 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 
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any RFID tags that are already installed in the venue, the produce is inconvenience 
to the users.  

Range  
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, 
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the device cannot receive the signal from the satellite. Thus, the GPS positioning will 
become extremely unstable. 

Accessibility (Software only) 
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 3: 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 4: 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 
coordinations 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. 
 



Magnetic Indoor Positioning 

23 of 52  25 May 2017 

 

3.2.1  Collection concept 

 
Figure 5: 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 6: 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 7: Data collection intention diagram 
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Figure 8: Data collector inside devices (digikey, 2013) 

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. 

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, and Data Matching System. 

 

Figure 9: 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 10: 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. 
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Figure 11: Data filtering system 

 

Figure 12: 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 
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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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4.2 Turning point theory 
If all the data have to compare with the magnitude collected by user’s device, the cost 
would be too high as there might be millions of path in the whole building. Even we 
filter the position that user is not possible to be there. The running cost is still too high. 
To solve this problem, we suggested to achieve guiding by giving user instruction only 
when they arrive a turning point in a building.  

 

Figure 13: detection area at the turning point 

After the system detect that the user is at the turning point, user is then instructed to 
turn or keep going to next turning point or destination. 
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CHAPTER 5. Data Collection and Data Analysis 

5.1 Collection Environment and Process 

5.1.1 Magnetic Data Collector 

In the data collector there are two different mode for different kind of dataset collection. 
“For specific heading” mode can make sure you record a record for each 45 degree. For 
example, if a magnitude hit map is going to be built up, we should turn it to specific 
heading mode to ensure you can record all 8 direction data into the map. “In a period” 
mode can help to record all the data in certain seconds with an interval setting. 

 

Figure 14: Magnetic data collector 

In a period time is used for several testing and path collection. The data collected can 
be saved by pressing output and being transfer to SQLite in windows environment. 
Since that data processing would be done in excel, the data in SQLite would be directly 
copy to an xls file. 
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5.1.2 Collection Environment and Tools 

A display stand is used for collect direction data. Which help in testing angle error and 
built up magnetic magnitude hit map. 

 

Figure 15: Display stand  

To test the influence of metal object, a computer case is put near the device with 
distance between them recorded. Data of distance 15cm, 10cm, 5cm, 3cm, 1cm is 
recorded correspondingly. 

+  

Figure 16: Metal influence test environment 
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For the hit map part, we actually tested for two different scenarios. The first one is a 
5x5 square with 60cm interval, which is placed in our laboratory. This scenario only 
suggest the feasibility of DTW according to path. 

 

Figure 17: data collect environment in lab scenario 

 

Another on is at the corridor of Faculty of Science and Technology first floor, which 
imitate a turning point in a building for real scenario. Also 5x5 square but with 
interval of 50cm. 

 

Figure 18: corridor data collect environment 

  



Magnetic Indoor Positioning 

34 of 52  25 May 2017 

 

5.2 Stability of Magnetic Field 

5.2.1  Magnitude change affected by time 
We record the magnitude at the same position with same direction for two days. There 
are over 40,000 records of magnetic magnitude that help us to determine the stability 
of magnetic magnitude in a short period. 

 

 

Figure 19: Data recorded over two days 

 

According to the graph above, we suggest that the magnetic magnitude is probably 
stable for the use of positioning. The error in one day is negligible. The slight change 
can be solved by crowdsourcing which would be discussed in the future work part. 
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5.2.2  Influence by device charging 
Since magnetic fields always come up with electric current. We suggested that 
charging the device would affect the value of magnitude. In which would affect the 
accuracy of DTW. Hence, we record two set of data representing the magnitude with 
charging and without charging correspondingly. 
 

 
Figure 20: Comparison of magnetic magnitude with charging 

 

We can see that there is a slight change on magnitude value after we plugged in the 
cable. As we can see from the graph above, the change is about 1.3% of original 
magnitude. The difference between highest and lowest magnitude is about 0.9. This 
error might already able to affect the result of DTW. Thus, user is not suggested to 
charge their devices while they use the. Actually, if the device is put beside of some 
others electrical devices, the magnetic magnitude would also be affected. 
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5.2.3  Influence by metal object 
Beside electric current, another main factor that would affect the magnetic magnitude 
is metal object. We record the magnitude values and trying to approaching a metal 
object to the device with recording the distance. 
 

 

Figure 21: Magnetic magnitude affected by an approaching metal 

 

According to the testing, we analyse that the influence start occur only when the metal 
object get near to the device within 15cm. Since we assume user should be walking on 
the way when they use this application. Thus, there is not much chance for them to 
approaching their device so close to a metal object.  
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5.2.4 Changes on different angle 

We found that the magnitude would change with the change of direction. We want to 
find out that if there is a pattern of data change along with direction change, so we 
recorded the magnitude data when we turning the device. To make sure our result is 
correct, four cycle is recorded.  

 

Figure 22: Magnitude change along direction change 

Although there is a change in number, but this should be a positive result. The change 
is in cycle form that we can actually fix the error through calculation.  
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5.3 Magnetic Data Analysis  

5.3.1 Lab scenarios  

Some tests are carried out in our laboratory for considering the accuracy and feasibility 
of this system.  

5.3.1.1 Rotation  

To solve the problem of error caused by turning the device around, we record the 
magnitude in eight direction (every 45 degrees) that allow us to use the closest angle 
data in database to do the comparison in further use. 

 

Figure 23: collecting data with rotating device 

Yet the result also guarantee that how stable the change of magnitude is while we turn 
the phone facing different direction.  

5.3.1.2 5 x 5 area with 60cm spacing  

To ensure the DTW can apply in the real scenario. We first set up an area in laboratory 
and recording the point in it to simulate a mapped database. The distance between two 
points is 60cm.  
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Figure 24: magnetic magnitude hit map in laboratory scenario 

For each point, we recorded 8 data for different direction that the device was pointing 
to. With the help of getting user direction, we believe that the dynamic time warping 
can be done accurately. We also realize the distribution of magnetic magnitude that 
decided by mean value and their neighbour by graph. 

 

Figure 25: Error affected by angle distribute 
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Figure 26: Difference between data and mean value distribution 

 

5.3.2 Real scenarios  

We also record some data in real scenarios to make sure the system could be applied 
into real life. 

5.3.2.1 Car park  

One of our system applying situation is car park. We did a testing in the car park 
environment to show if this would work. We record 50 data at a position for each set 
of data. The first set is recording the data in that position without anything around it. 
The second set recording with a motorbike parked next to the device (within 10cm). A 
slight difference could be discovered.  When we record the third set of data, which 
record the same position with a car parked beside the device, the data difference 
increased but still not significant to affect the result of the path matching. 

 

Figure 27: car park scenario 
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Therefore, we guarantee that if user walking in the car park scenario, unless the user 
put the device next to a car, else the system can work functionally. 

 

5.3.2.2 5 x 5 area with 0.5m spacing in Faculty of Science and Technology 

We tried to build up an experiment of real scenario in our faculty. When we record 
some magnitude in the corridor, the distribution of data is almost the same as the one 
recorded in laboratory. 

In addition, we record a 5x5 magnitude area which is used to test if the system can 
detect the user entering the turning point or not. Same as the map in laboratory, every 
point have eight magnitude recorded representing eight direction. 

 

 

Figure 28: turning point function intention diagram 
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CHAPTER 6. Testing & Evaluation 

6.1 Feasibility test 
The feasibility is being determined by evaluating the stability of data, and the accuracy 
of the dynamic time warping.  

6.1.1 Stability of magnetic magnitude with test 

The stability of magnetic magnitude is tested by few tests. 

1. Stability of magnetic magnitude as times goes on:  
The influence caused by time is not significant. Error caused can also be fixed 
by crowdsourcing or weekly update.  
 

2. Stability of magnetic magnitude as metal object approaching:  
Error only occur when device get close to the metal object within 15cm. In 
which is not likely to be occurred when user walking in a building. 
 

3. Stability of magnetic magnitude as device is charging:  
Slight error is occurred while user charge the phone. The application should 
suggest user not to charge it in order to make sure the accuracy is not affected. 
 

4. Stability of magnetic magnitude as device is next to a car:  
Almost same to metal object, the effective distance is about 15cm and less. 
Moreover, the error caused by this is much more minor than metal object. The 
system supposed to be working well in car park. 
 

6.1.2 Regularity of direction-affected error 

We have analysed that there is a cycle change on magnitude value as the device change 
its direction gradually. The cycle change is relevantly stable as a same shape curve as 
sine curve. So when we record a direction that is never recorded into the database. We 
can tune the magnitude to its closest angle that is in the database. For instance, we 
sampling the magnitude of a position which we get a mean value	M	and two of the 
records we sampled would exactly the mean value. 

 

Figure 29: Magnitude curve intention diagram 
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Actually we can first ignore	M(	. So when we record	M, it would not always pointing 
at	0°. We let the direction of 	M	be	𝜃0. We also need the peak of magnitude, it is always 
at the direction	𝜃0 +	

1
(
 and we let the magnitude of peak be	𝑀23'. Now a data is record 

which magnitude is 𝑀' and pointing to the direction	𝜃'. We cannot compare	𝑀' with 
	M directly due to the difference of direction. A new magnitude would be calculate used 
for comparing with	𝑀'. 

𝑴𝒕𝒆𝒎𝒑 = 𝑴 + 𝑴𝒎𝒂𝒙 − 𝑴 ×𝒔𝒊𝒏	(𝜽𝒙 − 	𝜽𝑴) 

Equation 1: Angle error fix equation 

Finally, we compare 𝑀CD2E with 𝑀' by doing dynamic time warping. 

6.1.3 Scoring accuracy test  

The test of dynamic time warping is achieved by matching a path recorded while 
walking through the corridor with the record in database magnitude map of a turning 
point. Since we walk from the left to right in figure31. Thus, the only possible five point 
path is A to E respectively. Since all of them pointing to	90°, so the data record in the 
direction  90° is used for comparison. 

  

Figure 30: Illustration of dynamic time warping test 
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6.1.4 Laboratory scenario test 

The figures below show the magnitude curves of paths. For the next step we match the 
recorded curve of walking through the area. 

 

 

Figure 31: Laboratory scenario test 
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The answer of the test is C. Here is the result: 

 

The system passed the test of laboratory scenario which guarantee the algorithm and 
strategies can be applied. But feasibility of real scenario have to be confirmed through 
further test. 

6.1.5 Real scenario test 

The figures below show the magnitude curves of paths. For the next step we match the 
recorded curve of walking through the area. We have did the test twice. 
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Figure 32: Real scenario testing paths in map 

The path we recorded is path C. We input the path data into the dynamic time warping. 

 

Figure 33: Real scenario test 1 result 
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Figure 34: Real scenario test 2 result 

The result show that the system can detect which path that the user is walking through, 
this suggest this system is feasible in real scenario. 
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CHAPTER 7. Simulation 

We built up a functional simulators which can make a sample room with magnetic 
magnitude at every coordinate in the simulated area. Thus, we can then use these 
magnitude as the compared database and input some mock path that emphasize if we 
can figure out where the user is or not.  

This simulator is based on the distribution of data. The average magnetic magnitude of 
a position is about 50. With maximum value 96 and minimum value 5. The difference 
between all the data and the mean value distribution is shown below: 

 

Figure 35: Simulator, creating a new point according to data distribution 

When we create a point with random. We cannot just use random()*96 of course. 
Instead we create a score variable which can divide the distribution into varies series. 
Which can make sure the dataset follows the existing percentage of real data. 

In the simulator, the first data is created at the midpoint of the simulated area. Which is 
created by adding difference variable with adding mean value. Neighbour position is 
then generated by either adding variable to the neighbour point or like the first point, 
creating a random one. Of course, although all those variables including random 
function, but all of variable is controlled by the distribution shown in our data which 
make sure our simulation is reliable. 

The distribution of magnitude difference caused by angle deviation is also plotted to 
graph. Which same as above, using the same method to create 8 magnitudes in one 
position: 
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Figure 36: Simulator, Tuning magnitude error caused by angle 

 A result that show a 10x10 area by printing out the mean value of each point, in fact 
there are 8 values in one cell: 

 

Figure 37: Simulation sample 
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CHAPTER 8. ETHICS AND PROFESSIONAL CONDUCT 

8.1 Data authenticity 
During the development of my work, all data is recorded and used without any 
modification. The testing environment is saved in order to make sure we won’t have 
big change in environment when we do the next test. 

In the stage of development, developer should avoiding using falsified data for testing 
or releasing. Error or distorted data in the development stage might cause catastrophe, 
such as guiding user get into access denied area, that might cause danger or divulging 
commercial secret. In addition, distorted data might cause economics loss of the 
company which using the system due to leading their customer to an uncorrected place. 
If this occurred, data should be corrected by recollection and testing the system again. 

8.2 Privacy of users 
In the future work, crowdsourcing and cloud processing might be applied. The problem 
of user privacy might be raised. Since the data would updated to the server, hackers 
may allow to get the position of user from the transfer of data or directly by attacking 
the server. To prevent this, server security system should be setup well and backups 
should be handled carefully. 
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CHAPTER 9. FUTURE WORK & CONCLUSION 

9.1 Conclusion 
Magnetic positioning is obviously a better solution among the existing method of IPS. 
This could be concluded by following points: 

1. No infrastructure needed. Magnetic positioning is extremely good in 
accessibility. Only software installation is needed when user want to use it. 

2. Not limited by range due to magnetic field existing everywhere around the 
Earth. 

3. Unlike traditional IPS. Unless the user send the information out, magnetic field 
do not have consideration about security since it is software-only solution.  

4. The accuracy is up to 1-2 meters. Which is a lot better than traditional IPS. 

The result of our project encourage that magnetic positioning is possible to apply into 
our life. Since that system won’t change is supported by: 

1. Magnetic magnitude won’t change evidently by day 
2. Magnetic magnitude won’t change evidently when the users charge their device 
3. Although the magnitude would be affected by car and metal, but the influence 

distance is not too long (within 15cm). Therefore, the affection can be ignored 
since user is not likely to approach their devices to a metal object or car when 
they walking. 

4. The posture of the user would affect the magnitude. However, we can solve this 
by calculating the relevant value of magnitude that should be compared. 

5. The system passed all test in laboratory and real scenario. 

9.2 Future work 

9.2.1 Data collection improvement  
Data collection is the biggest problem in magnetic positioning due to highly cost in 
manpower. There are two solutions for this: 

1. Robot collector:  
A robot can be used to go around the area that need to be collected. It can also 
solve the problem that error that caused by human mistake. 

2. Crowdsourcing for database update:  
By using crowdsourcing, deviation caused by time and minor environment 
changes could be tuned automatically. 

9.2.2 Cloud processing 

Data processing is high in cost for the smartphone processor. Especially in the best case 
that the collected position cover all over the building. There might be millions of path 
to compare. A possible solution is make use of cloud process. User’s client would send 
the magnetic data onto the server which server would help in calculation. 
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