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ABSTRACT

This thesis is about the building the indoor localization using the Ultra Wide Band technol-
ogy(UWB).The size of the equipment are small so we can carry easily. We made this thesis
by using the wireless communication and collecting the location data and compared with the
actual distance data. The tag station is raspberry-pi connected with UWB device and fix-
stations are UWB devices. We use the MDEK-1001 development kit of Decawave company
as both tag and fix-stations. The tag work as a distance reader from each of the fix-stations
and show the data on raspberry-pi. In this thesis we will compared how much error did the
UWB system with between many objects and with the wall.
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Chapter 1
INTRODUCTION

1.1 Background

Nowadays the technology are more advanced that people can access to their computers in anytime and
anywhere. Tablet, advanced mobile phones, and PCs are altogether viewed as versatile frameworks
and the majority of them these days give surprising force. We have really achieved the period of
pervasive processing.
Global positioning system(GPS) technology give people the accurate and real time location. In any
case, its most helpless deformity uncovers amid indoor condition. Concrete buildings block the satel-
lite signal and make the indoor location in-accurate.
In the technology era, many kinds of new wireless communications technology are used in the many
devices. The devices that wireless technology such as mobile phones,tablets,laptops can change the
use of the normal cables connection .Among the new wireless communication technology, Ultra-Wide
Band technology is one of the new technology that people are interested to use because of its very
low energy consumption(which is lower than the Bluetooth).It is for the short distance around(around
8 9 meter) and can set up the system easily. The benefits of using Ultra-Wide Band technology is that
it send the huge amount of digital data using a wide frequency spectrum and short-pulse which the
radio signals are low powered.

1.2 Problem Statement

Indoor localization system often suffers from following problems:

• Poor performance in terms of accuracy, due to slow shading and fast shading.

• High power consumption of the tag is also restrained because of the battery size.

• The price of the tag can be higher compared to the object attached.

1.3 Objectives

1.3 Objectives There are numerous little and significant stuff that can lost in our home. On the off
chance that we need to go to some place vital and our significant stuff is lost, looking through the
stuff and couldn’t discover the stuff will be extremely irritating for us. So using the Ultra-Wide Band
technology we can overcome these kinds of problems. The main ideas of indoor localization system
using Ultra-Wide Band technology as the anchors and the anchors will be placed on the each of the
locations inside the room as the device transfer data with the raspberry pi tag.
We will likely give an indoor localization system that utilization PC and cell phone. By these little
hardware establishment will be a sensible expense for setting ordinary items. Our point is to locate
the lost objects rapidly and productively by utilizing that venture. We will test our undertaking by
doing ventures as beneath.
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• Indoor localization system using the Ultra-Wide Band device and measure the object location

• Use the raspberry pi as a UWB tag and a data receiver.

• Use ISE simulation lab and IOT lab as a floor mapping.

1.4 Limitations and Scope

We will have a limit range in this project because we use the UWB technology. So, the limit range
will be around 8 to 9 meters. We will test the project in simulation lab which is in Industrial building.
So there will be many objects such as tables, chairs and walls that will interfere the data of the real
object. So we should awareness of these things.

1.5 Contribution

1. Testing how accurate is the UWB technology even with the interfering objects.

2. Explore the location of the object by using the UWB technology (which is one of the develop-
ing technology) combining with the raspberry pi.

2



1.6 Thesis Outline

I organize the rest of this dissertation as follows.
In Chapter ??, I describe the literature review.
In Chapter 3, I propose my methodology.
In Chapter 4, I present the experimental results.
Finally, in Chapter 5, I conclude my thesis.
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Chapter 2
LITERATURE REVIEW

2.1 Information

In recent years, the localization using wireless technology has become more powerful and widespread.
Variety of wireless technologies such as Wi-Fi,ZigBee,UWBD(Ultra Wide-band technology) and
Bluetooth have been used to improve the indoor localization system. Indoor localization system
which is also called indoor positioning system(IPS) has been started long time ago.People use ul-
trasonic wave, infrared wave,Bluetooth and many other technologies.In this thesis we will use the
Ultra Wideband technology which is a radio technology that can use a very low energy level for
short-range, high-bandwidth communications over a large portion of the radio spectrum. According
to A.K.M MAHTAB HOSSAIN(2009),the indoor positioning system generally refers to a network
infrastructure within a building that helps to provide location information to any requesting end user
s and these location information can be reported in the form of a set of coordinates,or a combination
of a floor number and a room number, or relative to some other reference objects positions within the
building.
Position estimation of wireless devices has many applications in short-range networks. Ultra wide-
band (UWB) signals provide accurate positioning capabilities that can be harnessed in wireless sys-
tems to realize these applications.(Ultra-Wideband Positioning systems,Zafer Sahinoglu,2008).

2.2 Ultra-Wideband Technology

Many wireless technologies are transferring into large production quantity and is threatening to make
the industries amazed which is known as Ultra Wide Band(UWB).This wireless new technology
has many advantages in both performance and data transfer rates and also the large number of the
application in which can be used. Right now the UWB technology is used in radar application and
sense the high band width communications. UWB technology can also be used in commercial and
military field.
Different from most of the other wireless technology nowadays, Ultra Wide Band(UWB) use a differ-
ent methods of data transmission. UWB use the technology with pulses that spread out over a wide
bandwidth which is different from the normal transmission that are limited with a given channel.
The reality UWB utilizes an alternate way to deal with remote or radio transmissions is a piece of the
reason UWB improvement may give off an impression of being moderate. With remote transmissions
utilizing customary methods filling the wireless transmissions, care must be taken while building up
UWB, that obstruction does not result, and that whatever enactment is presented, does not need to be
changed later.
Ultra-Wideband (UWB) development is roughly portrayed as any remote transmission plot that in-
cludes an information exchange limit of over 25% of a center repeat, or more than 1.5GHz. Ultra-
Wideband(UWB) innovation has been around since 1980,but it has been essentially utilized for the
radar based application on account of the wideband idea of the flag that outcome in extremely precise
planning data. Anyway as of late because of the advancements in fast exchanging innovation, UWB is
more alluring for the ease customer correspondences appliactionsThe term UWB(Ultra Wide Band)
is given to separate its technology from traditional narrowband system The two fundamental contrasts
among UWB and other narrowband frameworks are
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1. 1. The transfer speed of UWB frameworks, is characterized by the Federal Communications
Commission(FCC) by which the focal recurrence is over 25% or more than 1.5GHz.The band-
width so much higher than the other bandwidth that are used by any current technology for
communication.

2. 2. Ultra Wide Band technology is is normally executed in a carrier less fashion. Conventional
narrowband and wideband framework utilize Radio Frequency(RF)carreiers to move the flag in
the recurrence area from baseband to the genuine transporter recurrence where the framework
is permitted to operate.Conversely,UWB usage can specifically adjust a drive that has a sharp
ascent and fall time, therefore bringing about a waveform that involves a few GHz of transfer
speed.

According to the IBM Zurich Research Laboratory, Ultra Wideband technology has potential to be-
come a feasible and competitive wireless technology for high data transfer rate with the short range
wireless personal area network(WPANs) with low power consumption and low cost devices.
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2.3 Comparison with other wireless technologies

There are other low energy based wireless technology such as Bluetooth and IEEE 802.1 which is
also used as indoor localization system in market. But when used a intended, the emerging short and
medium range wireless standards very widely in their implicit spatial capacities. According to the
Intel technology journal(2001),

1. IEEE 802.11 has range of 100 meters for operating. There is about 80Mhz of usable spectrum
in 2.4 Ghz. Henceforth around with a range of 100 meters, three 22Mhz IEEE802.11b frame-
works can work on a non-meddling premise, each offering a crest over the velocity of 33Mbps
partitioned by the system that holds a spatial limit of roughly 1000bits/sec/square-meter.

2. Bluetooth in the low power consumption has a range of 10 meter and data transfer rate of
around 1MBps . Studies have demonstrated that around Bluetooth ”piconets” can work all
the while in a similar 10 meter hover with negligible debasement yielding a total speed of
10Mbps.Dividing this speed by the region of the circle creates a spatial limit of roughly 30,000
bits/sec/square-meter.

3. UWB frameworks change generally in their anticipated abilities bit one UWB innovation en-
gineer has estimated crest of 50Mbps speed at a limit of 10 meters and undertakings that six
framework could work inside a similar 10 meter span hover with just insignificant debasement.
The Ultra Wide Band System projected the spatial capacity over 1 million Bit per second per
square meter

4. Wireless Local Area Network (WLAN), also referred to as Wi-Fi, transmits and receives data
using electromagnetic waves, providing wireless connectivity within a coverage area. These
waves substitute for twisted pair, coaxial, or optical fiber used to transmit data in conven-
tional LAN.Wi-Fi has the range up to 100m with the high data transfer rate but Wi-Fi generate
noise and degrade Wi-Fi quality causing enough congestion to negatively impact application
communications. Futhermore, this noise reduces location capabilities.The security of Wi-Fi
is lower because Wi-Fi uses the RC4 stream cipher for encryption and the CRC-32 checksum
for integrity. While the UWB use the advanced encryption standard (AES) block cipher with
counter mode (CTR) and cipher block chaining message authentication code (CBC-MAC),
also known as CTR with CBC-MAC (CCM), with 32-bit

5. ZigBee provides self-organized, multi-hop,and reliable mesh networking with long battery
lifetime.ZigBee has the very low data transfer rate and it is not secure like Wi-Fi based system.
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Figure 2.1: Spatial capacity comparison between IEEE802.11,Bluetooth and UWB

As shown in Figure, other standards now under development in the Bluetooth Special Interest Group
and IEEE 802 working groups would boost the peak speeds and spatial capacities of their respective
systems still further, but none appear capable of reaching that of UWB.Thus UWB systems tends to
have great potential for support of future high-capacity wireless systems.

Figure 2.2: Comparison of Wi-Fi,UWB,ZigBee and Bluetooth

2.4 RSSI and path loss

The association between the detachment and the banner quality is the best approach to discover the
challenge area. RSSI(Received Signal Strength Indicator)is the characteristics in the data distribute
UWB tag is running.The settle station and the PC will get the RSSI data and read the value.RSSI is the
estimation of power present in gotten radio banner. There are many theories about how to calculate
the RSSI data.According to Wanli Zhang and Xiaoying Yang(2014),RSSI is sent by the beacon nodes
and got by the unknown node which receives this signal through measuring. Without considering the
condition of the signal gain, received signal strength is equal to transmitting signal strength minus
the signal propagation loss. RSSI ranging uses the received signal strength theoretical or empirical
model of the propagation path loss to calculate distance.The unit of the equation is dbm.
Pd=Po-10Nplog(d/do)
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P(d)=is the signal strength at distance d
Np=is the path loss factor, in the range 2-4, concerned with the specific environment.
Po=s signal strength at reference distance do(dbm) The equation is from RSSI-based node localiza-
tion algorithm for wireless sensor network research article on page 2.(Wanli Zhang and Xiaoying
Yang(2014)) Path loss is the reduction in power density that occurs as a radio wave propagates over a
distance. The primary factor in path loss is the decrease in signal strength over distance of the radio
waves themselves. Radio waves follow an inverse square law for power density: the power density
is proportional to the inverse square of the distance. Every time you double the distance, you receive
only one-fourth the power. This means that every 6-dBm increase in output power doubles the pos-
sible distance that is achievable. Besides transmitter power, another factor affecting range is receiver
sensitivity. It is usually expressed in dBm. Since both output power and receiver sensitivity are stated
in dBm, you can use simple addition and subtraction to calculate the maximum path loss that a system
can incur:
Maximum path loss = transmit power receiver sensitivity + gains losses
Gains include any gains resulting from directional transmit and/or receive antennas. Antenna gains
are usually expressed in dBi referenced to an isotropic antenna. Losses include any filter or cable
attenuation or known environmental conditions. This relationship can also be stated as a link budget,
which is the accounting of all gains and losses of a system to measure the signal strength at the
receiver:
Received power = transmit power + gains losses
In reality, the range can be debased by different things, for example,

• Obstructions, for example, dividers, trees, and slopes

• A lot of water vapor in the air can produce radio frequency energy.

• Metal objects can reflect radio waves, creating new versions of the signal.

These multiple waves reach the receiver at different times and destructively (and sometimes construc-
tively) interfere with themselves. This is called multi-path.

Figure 2.3: Relationship between maximum path loss on dBm and estimate range as a
kilometer

8



Chapter 3
METHODOLOGY

3.1 System Overview

We do this thesis to be helpful in the genuine in light of the fact that to find the missing items.
This innovation will defeat these sorts of problems. By using the Ultra-Wide Band innovation will
be additionally helpful on the grounds that UWB utilize less power and in view of its radio remote
correspondence which extremely valuable to the users. Based on this ideas,our venture can give
the missing article by situating from fix stations.So the clients can be utilized their workstations or
advanced mobile phone as the screen and can be effortlessly discover the question.

Figure 3.1: Example for the system
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Figure 3.2: Example of the indoor localization system

3.2 System Hardware

In this project we will use the UWB device development kit MDEK1001 which is manufactured by
Decawave company, wifi router, wifi dongle, four or more raspberry pi and a monitor which is used
as a display for the four raspberry pi.

Figure 3.3: Development kit MDEK 1001
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Figure 3.4: Raspberry-pi Model B+

Figure 3.5: Monitor and Battery

3.2.1 Method Planning

The genuine reason this undertaking is to structure and build up the indoor localization system that
dependent on Ultra-Wide Band Technology. To start with, we need to center around the capacity of
every gadget. This task is to make the individual discovered his items without dawdling it is lost in
his room or home. For the range we use about 7 to 8 meters. We additionally pick the extent of UWB
tag and anchor to be littler .Next advance is to show the equipment gadgets dependent on the system
flow diagram. The label utilize Linux as their working framework which is raspberry pi working
framework and the label programming depends on the implanted framework. The gadgets will be
chosen by the improvement instrument from the organization which are customizable for coding.The
final step is to collect the distance data from UWB system and compared with the real distance and
calculate the mean value, error difference of 95% confidence interval.First for the mean value we use
equation as

X̄ = Σf(x)/n

Second to get the 95% confidence interval value we have to get a standard error and standard deviation
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value. We use equations as

sd =

√√√√ 1

N − 1

N∑
i=1

(xi − x)2

For the standard error we use

var (x̄) =
σ2

n

95% Confidence interval = t value* sd/n

Figure 3.6: Method planning of the system on hardware part
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Figure 3.7: System flow diagram
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Figure 3.8: System flow chart
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3.3 System Design and Positioning

Frist 3 anchors will be placed inside the different locations of the simulation lab. The distances of the
each of the anchors are as shown in figure 3.8. Each of the anchors will be placed no more than 7
meters because this will make the reading more stable and easy for the programming part to use the
data base. After finish placing the 3 anchors, we have to manually connect the UWB raspberry-pi tag
with monitor and run the C program inside the raspberry-pi to work the UWB device that connect
with raspberry-pi. And then to get more stable data we collect the each of the points about 10 seconds.
After that 4 anchors will be used in this system. The steps of running the 4 anchors in the system is
same as the 3 anchors. The final experiment is the testing the system with big wall in the middle.

Figure 3.9: System design of using 3 anchors in simulation lab

Figure 3.10: Distance between 3 anchors (simulation lab)
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Figure 3.11: System design of using 4 anchors in simulation lab

Figure 3.12: System design of using 4 anchors in simulation lab (With Wall)

Figure 3.13: Distance between 3 anchors (IOT lab)
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Figure 3.14: System design of using 4 anchors in IOT lab

3.4 Software Design

In this section it is all about the C programming that made the UWB device tag and anchors. C
is a high level programming language that can use in different kinds of operating systems such as
Windows, Mac and different brands of Unix. It is an easy to use language that can make it simple to
get the program work. In this project I need to run the code that make the raspberry pi connect with
tag and receive the distance data. And have to run program in the raspberry pi to make the UWB
device anchor.

Figure 3.15: C code for anchor
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In this code, it make the neutral UWB device which is MDEK 1001 to make the anchor.

Figure 3.16: C code for tag

In this code, it make the neutral UWB device which is MDEK 1001 to make the tag.

3.5 Experiment Design (Receiving the distance data )

In this section we will show how to run the UWB system with raspberry- pi step by step.

1. Download and install the dwm1001-host-api package onto the Raspberry Pi 3 device

2. Navigate to folder examples/ex1-TWR-2Hosts/tag/

3. Use nano editor to edit Makefile:

4. Change the configuration parameter USE-INTERFACE to use UART interface

5. Use make command to build the fils.

6. Run the executable

18



Figure 3.17: Navigating the C code and running

Figure 3.18: Receiving the distance data in RPI
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3.6 Power consumption of MDEK1001 development kit

Below figure shows an example of the power consumption of a DWM1001 tag running the factory
loaded firmware.
The tag is in low-power mode, and two-way ranging with 3 anchors. The deep-sleep current occurs
while the tag is sleeping with only the RTC and accelerometer active. Once awake, the tag transmits at
its allocated time in the TDMA-slotting, and awaits the anchors responses. This can be observed as 1
transmission followed by 3 receives, repeated once. After this is completed, the tag spends some time
computing its location, before returning to sleep. The total time awake is dependent on the number
of anchors within range of the tag.
When viewing this graph, lets assume the medium value of 40mA with time is 10ms. These values
will give an average energy consumption for about 0.4mA with the stationary detection state of the
module and after that there is transmit and receive process for eacn seconds.(40mAx0.01/1s=0.4mA)This
value is very low, so that by using a small battery of 150mAhs, the anchor will be alive for at least
250 hours (150mAh/0.4mA = 375 hours ).

Figure 3.19: Power consumption during two way reading
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Chapter 4
RESULT AND DISCUSSION

Raspberry pi model B+ is used as a tag .But the raspberry pi only is not enough to get the UWB signal
Thus, we need UWB device which can connect to use in the raspberry pi. Raspberry Pi model B+ is
working like a small computer but slower in processing speed compared to PC or laptop. The other
functions are same as the computer.The reasons of choosing raspberry pi as the tag station is the price
which is around 1300THB including the Sandisk 8Gb micro SD. For the software part, linux based
raspberry pi OS is already installed in the micro SD.
For the tag part, the main job of the tag is to keep running or running and then go to sleep mode after
a short period of time wake up again for running. The process will running like a loop for saving
more energy loss.We also collect the distance data for about 10seonds and calculate the average to
get more accurate data.
Before we collect the system data we analyze the error difference between real and UWB distance
without any interference between tag and anchor.We collect the data of 8 points and each point has
the distance of 1m.So altogether it is 8m.

Figure 4.1: Analysis of error relation between UWB and real distance without any in-
terference
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Figure 4.2: Analysis of error relation between UWB and real distance without any in-
terference

As we can see the higher the distance the error distance of the UWB system a little bit higher.But the
error distance is still very low compared with Bluetooth and other technologies.

Figure 4.3: Comparison of real distance and UWB system distance between tag and an-
chors (using 3 anchors) in sumulation lab
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Figure 4.4: Comparison of real distance and UWB system distance between tag and an-
chors (using 3 anchors) in sumulation lab

Figure 4.5: Error difference of Real and UWB distance using 95% confidence interval
(3 anchors)

In this 3 anchor UWB indoor localization system, the average distance difference with real and UWB
system data is 17.7cm. In a well deployed UWB indoor localization system the error of distance
should be ¡50cm(Evolution of indoor localization technologies, Ramon F. Brena, Juan Pablo Garca-
Vzquez, Carlos E. Galvn-Tejada, DavidMuoz-Rodriguez, Cesar Vargas-Rosales, and James Fang-
meyer Jr.,March 2017)
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Figure 4.6: Comparison of real distance and UWB system distance between tag and an-
chors (using 4 anchors)at simulation lab

Figure 4.7: Comparison of real distance and UWB system distance between tag and an-
chors (using 4 anchors)at simulation lab
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Figure 4.8: Error difference of Real and UWB distance using 95% confience interval (4
anchors)

In this 4 anchor UWB indoor localization system, the average distance difference with real and UWB
system data is 28.46cm. In a well deployed UWB indoor localization system the error of distance
should be ¡50cm(Evolution of indoor localization technologies, Ramon F. Brena, Juan Pablo Garca-
Vzquez, Carlos E. Galvn-Tejada, DavidMuoz-Rodriguez, Cesar Vargas-Rosales, and James Fang-
meyer Jr.,March 2017)
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Figure 4.9: Comparison of real distance and UWB system distance between tag and an-
chors (using 4 anchors with wall)

Figure 4.10: Comparison of real distance and UWB system distance between tag and
anchors (using 4 anchors with wall)
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Figure 4.11: Error difference of Real and UWB distance using 95% confidence interval
(3 anchors with wall)

In this 4 anchor UWB indoor localization system, the average distance difference with real and UWB
system data is 31.07cm.The error is slightly higher than the normal system without the wall but its
still in well deployed indoor localization system. In a well deployed UWB indoor localization system
the error of distance should be ¡50cm(Evolution of indoor localization technologies, Ramon F. Brena,
Juan Pablo Garca-Vzquez, Carlos E. Galvn-Tejada, DavidMuoz-Rodriguez, Cesar Vargas-Rosales,
and James Fangmeyer Jr.,March 2017)
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Figure 4.12: Comparison of real distance and UWB system distance between tag and
anchors (using 3 anchors at IOT lab)

Figure 4.13: Comparison of real distance and UWB system distance between tag and anchors
(using 3 anchors at IOT lab)
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Figure 4.14: Error difference of Real and UWB distance using 95% confience interval
(3 anchors at IOT lab)

In this 3 anchors UWB indoor localization system, the average distance difference with real and
UWB system data is 46.4cm. In a well deployed UWB indoor localization system the error of dis-
tance should be ¡50cm(Evolution of indoor localization technologies, Ramon F. Brena, Juan Pablo
Garca-Vzquez, Carlos E. Galvn-Tejada, DavidMuoz-Rodriguez, Cesar Vargas-Rosales, and James
Fangmeyer Jr.,March 2017)
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Figure 4.15: Comparison of real distance and UWB system distance between tag and
anchors (using 4 anchors at IOT lab)

Figure 4.16: Comparison of real distance and UWB system distance between tag and
anchors (using 4 anchors at IOT lab)
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Figure 4.17: Error difference of Real and UWB distance using 95% confience interval
(4 anchors at IOT lab)

In this 3 anchors UWB indoor localization system, the average distance difference with real and
UWB system data is 39.7cm. In a well deployed UWB indoor localization system the error of dis-
tance should be ¡50cm(Evolution of indoor localization technologies, Ramon F. Brena, Juan Pablo
Garca-Vzquez, Carlos E. Galvn-Tejada, DavidMuoz-Rodriguez, Cesar Vargas-Rosales, and James
Fangmeyer Jr.,March 2017)
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Chapter 5
CONCLUSION

5.1 Conclusion

UWB technology has specific advantages that make a good solution for the indoor wireless network
application including the low transmit power,resistance to multipath interference and low implemen-
tation complexity.There are still many technological challenges ahead, mostly around the high level
of integration that UWB products require.They need to be developed at more low cost and low power
to meet the vision of integrated connectivity for Personal area networks(PANs).
Ultra Wide Band technology is likewise the inventive innovation and valuable in numerous ways in
light of its low power utilization and simple to handle.If we want to know more about its technol-
ogy, there are many research papers about UWB and indoor localization.So by utilizing that sorts
of new innovation our venture can be helpful, all things considered.In this thesis when we test and
compared our experiment data the UWB positioning system is work properly even though there are
many interferences on its path.

5.2 Development kit MDEK1001

In this project we use MDEK 1001 Development kit because its battery is long lasting. It can also
easily use with the raspberry pi. Also the MDEK1001 development kit is produced in January 2018.So
we can say that it is the one of the latest UWB technology positioning kit. The company produce the
not for the commercial use but for the developers and lab test. Thus it is much suitable for the thesis.
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