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ABSTRACT

This thesis explores the potential for integrating Ultra-Wideband (UWB)-enabled smart-
phones with the SEWIO RTLS positioning platform. The theoretical part presents an
analysis of available smartphones supporting UWB technology, focusing on the radio
modules they use and the integration capabilities of their respective platforms (Android,
i0S). The practical part involves the development of a prototype application that demon-
strates the use of UWB technology on supported devices and serves as a foundation for
future integration into the SEWIO RTLS system. Due to technical limitations, direct
connection with the SEWIO RTLS system could not be achieved; however, this work
provides a theoretical basis for future research in this area.

KEYWORDS

Ultra-Wideband, UWB, SEWIO RTLS, mobile localization, Android, i0S, Bluetooth Low
Energy, BLE, wireless communication, Kotlin, real-time location systems, RTLS

ABSTRAKT

Tato prace se zabyva moznosti integrace mobilnich telefoni s technologii Ultra-Wideband
(UWB) do lokaliza¢ni platformy SEWIO RTLS. Teoretickd ¢ast analyzuje dostupné
smartphony podporujici technologii UNB, zejména z hlediska pouzitych radiovych mo-
duld a moznosti integrace jejich platforem (Android, i0OS). V praktické Casti je vyvi-
nut prototyp aplikace, kterd demonstruje vyuZiti technologie UWB na podporovanych
zarizenich a predstavuje zaklad pro budouci integraci do systému SEWIO RTLS. Z di-
vodu technickych omezeni nebylo mozné realizovat pfimé propojeni se systémem SEWIO
RTLS, avsak prace poskytuje teoretické zaklady pro budouci vyzkum v této oblasti.

KLICOVA SLOVA
Ultra-Wideband, UWB, SEWIO RTLS, mobilni lokalizace, Android, iOS, Bluetooth Low

Energy, BLE, bezdratova komunikace, Kotlin, systémy pro urcovani polohy v redlném
Case, RTLS
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ROZSIRENY ABSTRAKT

Cilem této prace bylo prozkoumat moznosti integrace Ultra-Wideband (UWB) tech-
nologie v chytrych telefonech s lokalizaéni platformou SEWIO RTLS (Real-Time
Locating System). Hlavnim zamérem bylo vyhodnotit technické predpoklady pro
vyuziti UWB v mobilnich zafizenich a navrhnout prototypovou aplikaci demonstru-
jici lokalizaci zalozenou na této technologii.

Préce byla rozdélena na teoretickou a praktickou c¢ast. V teoretické casti byly
analyzovany dostupné smartphony s podporou UWB, se zaméfenim na pouzité ra-
diové moduly a moznosti integrace v ramci mobilnich platforem (Android, iOS).
Déle byla provedena komparace pristupti operacnich systémt k UWB rozhranim,
véetné dostupnosti API pro vyvojare.

V praktické ¢asti byl vyvinut prototyp aplikace pro Android, ktera ovéruje pod-
poru UWB, navazuje spojeni s UWB tagem pomoci Bluetooth Low Energy a re-
alizuje dvousmérné méreni vzdalenosti (Two-Way Ranging). Aplikace také ob-
sahuje 3D vizualiza¢ni modul, ktery zobrazuje polohu tagu na zakladé namérenych
parametri (vzdélenost, azimut, elevace).

Prestoze primé integrace se systémem SEWIO RTLS nebyla z davodu tech-
nickych omezeni realizovana, prace poskytuje teoreticky zaklad pro dalsi vyzkum
v této oblasti. Prototypova aplikace prokéazala, ze UWB v mobilech umoznuje presné
méreni polohy, avsak integrace s praumyslovymi RTLS systémy vyzaduje dalsi vyvoj
hardwarovych i softwarovych rozhrani.

Tato prace demonstruje rostouci vyznam UWB technologie v kontextu lokaliza-
¢nich systému a mobilnich zatizeni. Prestoze soucasnd omezeni brani plné kompati-
bilité s existujici infrastrukturou (jako je SEWIO RTLS), vyvinuty prototyp posky-
tuje cenné poznatky pro budouci vyzkum. Prace prispiva jak teoretickou analyzou
UWRB integrace v mobilech, tak praktickym navrhem aplikace, ktera muze slouzit

jako vychozi bod pro dalsi vyvoj.
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Introduction

Knowing the exact location of items in any industrial process from manufacturing
to storage and logistics has become crucial for optimizing operations, minimizing
errors, and boosting overall efficiency. Precise item positioning streamlines inventory
management and significantly cuts down the time spent searching for products.

Ultra-wide band (UWB) technology has become an ideal option to reach this level
of accuracy [16]. UWB uses short radio pulses with a wide frequency range to locate
objects within centimeters, even in complicated settings. Unlike classical methods
like RFID, GPS, WiFi, or Bluetooth, UWB enables real-time, very precise tracking
in indoor environments, making it suitable for handling warehouse inventory.

Usage of UWB-enabled smartphones improves this problem by making precise
location tracking more accessible and adaptable. With UWB chips built into phones,
workers can easily locate goods, reducing the need for specialized tracking equip-
ment. This not only simplifies procedures, but also increases worker effectivity by
allowing them to quickly locate things in the warehouse.

This thesis will analyze smartphones with ultra-wide band chips and see if and
how they can work with the Sewio Real-Time Locating System (RTLS), a platform
widely used for indoor localization. The theoretical part will involve a comparative
study of various chips integrated in different phones. In the practical part, the
research will focus on the development of an application designed to test UWB
connectivity for interaction with the Sewio RTLS platform.

The goal of this thesis is to analyze the possibilities of integrating smartphones
into the Sewio RTLS localization platform using UWB technology and exploring the
current state-of-the-art tools currently available to enable UWB use to developers

of mobile apps.
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1 Location

The term locationing refers to the determination of the position of objects, devices,
and people in space. We can divide locationing into two groups based on the envi-
ronment, indoor and outdoor.

Indoor locationing, as the name suggests, is used in indoor environments (such as
factories, warehouses, hospitals), and it is implemented through indoor positioning
systems (IPS).

On the other hand, outdoor locationing occurs outside using outdoor positioning
systems (OPS) [17].

1.1 Outdoor positioning systems

The most widely used technology for outdoor positioning is the Global Navigation
Satellite System (GNSS), a network of satellites that provides global positioning and
information to receivers anywhere on Earth. These satellites send signals to receivers
(such as mobile phones, automotive navigation systems and air navigation) which
use the data to calculate their location and velocity.

One of the well-known systems is called Global Positioning System (GPS), owned
by the US but used worldwide. Other notable systems include Galileo, operated by
the European Union; BeiDou, managed by China; and GLONASS, maintained by
Russia.

These systems provide very precise locationing under perfect conditions (open
sky, no reflective terrain, and no signal blockage). In contrast, a typical smartphone

offers accuracy within a radius of 5 meters [34].

1.2 Indoor positioning systems

Because GNSS tends to be very unreliable and ineffective in indoor environments,
we use indoor positioning systems (IPS) as an alternative [5]. These systems are
specifically designed to provide accurate location within enclosed spaces. Existing
IPS use a variety of technologies to accurately locate devices; these include WikFi,
Bluetooth, UWB acoustic signals, and Radio Frequency Identification (RFID). Each
of these technologies offers different advantages depending on the level of accuracy,

range, and specific application required.
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1.3 Real-time locating systems

Real-time locating systems (RTLS) are used to identify and track the location of
objects or people in real time, typically within an indoor environment [8]. These
systems rely on wireless tags that are attached to objects or worn by people. Fixed
reference points, also known as anchors, are devices that receive signals from these
tags and determine their location. Typical application of RTLS includes locating
pallets in a warehouse, tracking vehicles through an assembly line, or monitoring
employees.

The physical layer typically involves radio frequency (RF) communication. Some
systems use optical technology (such as infrared) or acoustic technology (such as ul-
trasound) [20,[32]. Anchors can function as transmitters, receivers, or both, resulting

in numerous possible combinations of technologies.

1.4 Sewio RTLS

Sewio is a technology company that specializes in RTLS that uses UWB technology
to provide highly accurate indoor positioning and tracking [31]. Sewio’s RTLS is
often used in industries such as manufacturing, warehousing and logistics to track
precise locations of assets and people in real-time within indoor environments. This

tracking is essential to improve operational efficiency, safety and productivity [18].

1.4.1 Hardware

The Sewio UWB RTLS platform includes two key hardware components: signal
transmitters, known as Tags, which track entities, and signal receivers, known as
Anchors, which capture signals from the Tags.

Tags are compact electronic devices attached to objects or individuals that are
to be tracked. They function as transmitters, emitting pulses, or ’blinks’, which are
received by anchors and relayed to a location server to calculate the position of each

tag.

14
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Fig. 1.1: Sewio’'s UWB Tags [31]

Anchors are devices that detect UWB signals from tags and forward them to
the location server for precise positioning. To establish an effective indoor tracking
network, anchors are strategically installed above the designated area to form the

necessary location infrastructure.

- ¢ -
|
( ]

Fig. 1.2: Sewio’s UWB Anchors [31]

1.4.2 Software

Sewio offers RTLS Studio, a comprehensive software solution designed to ease the
installation, deployment, maintenance, and management of real-time indoor loca-
tion tracking systems. The core application is RTLS Manager, which is used
for deployment, configuration, and system monitoring. It provides real-time health
monitoring of anchors, tags, and servers and offers tools for system initialization,

re-scanning, and synchronization.
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Fig. 1.3: Demo of RTLS Manager [30]

Sensmap, another application within RTLS Studio, enables real-time visualiza-
tion for indoor tracking projects. It allows for the addition of zones, paths, walls,
and exits, along with the creation of unlimited, precisely detailed virtual zones with
30 cm accuracy. The built-in geofencing, alerts, and notifications provide flexible

support for current and future indoor tracking requirements.
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Fig. 1.4: Demo of Sensmap [30]

The API DOC module of RTLS Studio enables developers to integrate real-time
location intelligence into their solutions using fully documented Open API. RTLS
Studio supports seamless, bidirectional data exchange via HT'TP REST, WebSocket,
and UDP streaming. Developers can access all essential data formats and a single

streamlined interface for quick and effective integration.
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Sage Analytics allows you to derive valuable insights from location data by vi-
sualizing and analyzing tracking results using trajectory maps, heat maps, spaghetti
diagrams and advanced zone analytics. This powerful tool helps you interpret key
metrics and analytics, enabling a deeper understanding of operational patterns. By

providing actionable insights, Sage Analytics helps you optimize workflows, increase
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2 UWSB technology

UWRB is an IEEE 802.15.4a/z standard technology designed for short-range radio
communication, characterized by its use of low energy levels combined with a broad
bandwidth. By definition, UWB occupies a frequency spectrum that spans more
than 500 MHz or at least 20% of the arithmetic center frequency of the operating
band. The standardized power level for UWB transmissions is -41.3 dBm/MHz. In
2002, the United States allocated the 3.1-10.6 GHz spectrum for UWB communi-
cations, which the WiMedia Alliance subsequently divided into fourteen 500-MHz
bands [24].

A key distinction between UWB and traditional radio technologies, such as nar-
rowband and wideband, is the way how information is transmitted. Traditional
methods rely on adjusting the signal’s power, frequency, or phase, whereas UWB
transmits information through pulse-position and time modulation, emitting signal
energy in precise time intervals. As a result, UWB signals are time-based rather than
frequency-based. The use of short impulses in the time domain for data transmission

generates a wide bandwidth.
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Fig. 2.1: Spectral Density for Ultrawide and Narrowband [26]

18



2.1 Physical principles

UWB offers extremely low latency, measured in nanoseconds, in contrast to Blue-
tooth, which operates with latencies of a few milliseconds [2]. This capability en-
ables highly accurate and fast time-of-flight (ToF) ranging. Additionally, the UWB
operates with a low duty cycle, representing the ratio of impulse time to total trans-
mission time, resulting in significantly lower power consumption compared to con-

ventional radio technologies.

2.1.1 PHY Standards (IEEE 802.15.4a/b/z)

The physical layer of UWB is standardized by IEEE 802.15.4, with several amend-
ments targeting different use cases and improvements. I[EEE 802.15.4a introduced
support for UWB impulse radio (IR-UWB), enabling precise time-of-flight (ToF)
measurements for ranging applications. IEEE 802.15.4b provided clarifications and
minor updates. Most notably, IEEE 802.15.4z, which is widely used in modern UWB
chips, introduced enhancements in robustness, security (for example, secure ranging)

and energy efficiency, making it suitable for commercial and industrial deployments
[1, @].

2.1.2 Power Consumption

UWB communication is very efficient. This efficiency comes from the use of short
impulses, approximately 2 ns each, rather than continuously emitting modulated
waves. Unlike carrier-based systems such as Bluetooth, UWB operates without a
carrier wave (carrier-less), eliminating the additional energy expenditure required
for starting, stabilizing, and maintaining an oscillator. Furthermore, the design of
UWB transceivers is simpler than that of narrowband or wideband systems, enabling
full implementation using complementary metal oxide semiconductor (CMOS) tech-
nology [19, 24]. These factors contribute to the lower energy consumption of the

UWRB in equivalent time periods.

2.1.3 Interference

The interference of ultra-wideband represents a unique case, as the technology shares
its bandwidth with commonly used radio technologies such as narrowband and wide-
band systems. However, because the total transmission power of the UWB, just a
few milliwatts, is spread across a wide frequency range (Figure , its interfer-

ence with narrowband transmission methods is minimized to an almost negligible

19



level. The spectral mask introduced by the FCC (Federal Communications Com-
mission) in 2002 mandates that UWB devices operate at the noise floor level (below
-41.3 dBm), but also allowing an extensive bandwidth of up to 7.5 GHz. This
regulation enables UWB to coexist seamlessly with other radio technologies within
the spectrum. UWB transmissions are difficult to detect as their signals are nearly

indistinguishable from general background noise [I1].

2.1.4 Higher-Level Standards

Beyond the physical and MAC layers, several industry consortiums define higher-
level standards and profiles to ensure interoperability and streamline the adoption
of UWB in real-world applications.

The FiRa Consortium focuses on interoperability between UWB devices, par-
ticularly in secure access, indoor positioning, and device-to-device services. FiRa
defines profiles and certification procedures to ensure seamless communication be-
tween products from different vendors [14].

Omlox is an open standard for real-time locating systems (RTLS), especially in
industrial environments. It supports interoperability between different locationing
technologies (including UWB) and aims to unify tracking infrastructure between
vendors [9, 22].

The Car Connectivity Consortium (CCC) develops specifications for digital
car keys and short-range communication between smartphones and vehicles. UWB
plays a central role in the CCC Digital Key specification by enabling precise, secure

ranging to determine the user’s proximity to the vehicle [0 [7].

2.2 Ranging and locationing

The distinction between ranging and locationing lies in the scope of information
provided: ranging determines the distance to a peer device without offering any
additional details on its location, whereas locationing incorporates this additional
information [2]. Locationing algorithms typically build upon ranging algorithms.
For UWB-enabled devices, common locationing methods can be grouped into four
main categories. Multilateration determines the position of the device by rang-
ing from multiple anchor points. Another method combines range and Angle of
Arrival (AoA) measurements from a single anchor point. Two-Way Ranging
(TWR) calculates location by measuring the round-trip time of signals between the
device and an anchor. Similarly, Time Difference of Arrival (TDoA) determines
the position by analyzing differences in signal arrival times from a single anchor
point [15].

20



2.2.1 Ranging methods

The distance between UWDB-enabled devices can be determined by measuring the
ToF of the transmitted signal. The distance to a peer device can be accurately
measured with line-of-sight up to 200 meters [I3]. Multi-path propagation can be
an issue, but this can be mitigated by comparing and considering the different ToF
trajectories. This consideration improves accuracy by selecting the best (shortest
ToF) trajectory to calculate the distance.

Other radio technologies, such as BLE, determine their range using Received Sig-
nal Strength (RSS), which is less accurate because signal strength is not standardized
and can vary between different devices. RSS-based ranging exhibits limitations in
stability when objects obstruct the direct line-of-sight path between devices. This
obstruction attenuates the signal, leading to an overestimation of distance. Addi-
tionally, the phenomenon of signal superposition, in which reflected BLE signals can
either reinforce or diminish RSS values, is known as interference. In contrast, ToF
measurements demonstrate greater robustness in such environments. ToF main-
tains consistency regardless of the strength of the signal, provided that the signal
reaches its destination. This characteristic makes ToF more reliable in scenarios
with potential obstructions or reflective surfaces [2] [15].

The operational concept between the UWB devices can be seen in Figure [2.2]
When UWB devices are within range of each other, they begin the ranging process
immediately. After the initiator sends a challenge packet to the responder, the
responder timestamps the packet and sends a reply.

The Time of Flight can be calculated by measuring the round-trip time of the
challenge-response packets, as described in Equation 2.1 Depending on the context,

either the stationary device or the mobile device may compute the range to its peer.

ToF — tlof’l’;t”ei”ly (2.1)
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Fig. 2.2: Time of Flight diagram [12]

2.2.2 Locationing methods
Two-way Ranging

Two-way Ranging (TWR) works on the principle of measuring the distance between
a responder (usually an anchor) and an initiator (a tag) using UWB radio signals.
TWR is categorized into two types: Single-sided two-way repositioning (SS-TWR)
and double-sided two-way repositioning (DS-TWR). The key difference is that DS-
TWR transmits an additional packet, which improves accuracy.

This method measures the distance by calculating the ToF of the signal and mul-
tiplying it by the speed of light. Although DS-TWR is more complex, it implicitly
corrects clock offset errors, making it more precise, but requires more data packet

transmissions, which leads to higher power consumption.
(17T3) — (11 T3)
ToFps_ =
PR T T+ Ty + T+ T2)
distance = ToF - ¢ (2.3)

(2.2)
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Fig. 2.3: Single-sided two way ranging & double-sided two way ranging [21]

Time Difference of Arrival

The TDoA localization method relies on differences in signal arrival times. The
initiator sends a broadcast message (also known as blink) containing a timestamp,
which is received by multiple anchors. These anchors then relay the information to
the locationing module, which calculates the tag’s position using the multilateration
algorithm. Since TDoA is based on the timing differences of the received signals,

the anchors must be synchronized to accurately measure the distances [2].

Blinks from Tags

— = DataBackhaul

(Can be UWB, Ethernet,

S~ - N Anchor Sync Frames
~ o N (UWB or Wired)
< &
=~ -~
~ - T2 \
Gateway + X, Y, z
L Location Engine
e 1
- - - ,
_ - N
- - - 4
QOPVO © 2021 Qorvo US, Inc.

Fig. 2.4: Location determination with TDoA [26]

A reverse TDoA system can also be implemented, which operates similarly to
GPS. In this setup, anchors transmit synchronized blinks with fixed known offsets to
prevent collisions, while tags use TDoA and multilateration algorithms to calculate

their location, as illustrated in Figure 2.5
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Fig. 2.5: Reverse TDoA [26]

Phase Difference of Arrival and Angle of Arrival

PDoA method allows two devices to determine their relative positions without re-
quiring additional infrastructure by combining distance and directional information.
This is important for peer-to-peer applications or for minimizing the infrastructure
required for deployment.

One of the devices must have at least two antennas. When this device receives
a signal from the other device, it measures the phase difference of the incoming
signal at each antenna. Using this information, it can calculate the angle of arrival

of the signal. With both directions and distances from the transmitting device, the
receiving device can determine its relative position.
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Fig. 2.6: PDoA distance measurement [20]
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3 UWB in smartphones

UWB technology has steadily gained popularity in the smartphone market since
its introduction in 2019. In 2024, several major manufacturers had incorporated
UWRB into their flagship devices, offering enhanced capabilities for precise location
tracking, seamless device-to-device interactions, and improved connectivity [33].

Apple’s iPhones, starting from the iPhone 11 with their own UWB Apple Ul
chip, have consistently featured UWB technology, with the latest iPhone 15 and 16
models having the newer Apple U2 chip.

In the Android ecosystem, Samsung has been at the forefront of UWB adoption,
integrating it into their premium Galaxy S, Note, and Fold series. Google has also
embraced UWB, incorporating it into their Pixel Pro models, Pixel Fold, and Pixel
Tablet. It is important to note that the primary implementation of UWB in these
smartphones is based on the FiRa (Fine Ranging) stack, a comprehensive, industry-
standard protocol designed to ensure interoperability between devices. The FiRa
stack not only facilitates secure and accurate ranging, but also supports various
emerging applications such as digital car keys, indoor navigation, and enhanced
smart home integration. Other manufacturers like Motorola, Blackwiev, and Xiaomi
have begun to include UWB in select smartphone models [29].

The potential of technology to enable features such as digital car keys, indoor
navigation, and enhanced smart home integration is driving its increased adoption,
with the expectation that UWB will be present in more than 50% of smartphones

by 2028 [35, 36].

UWB-Enabled Device Shipments
World Markets: 2022 to 2028

(Source: ABI Research)
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Fig. 3.1: UWB-Enabled device shipments prediction [36]
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3.1 Smartphone UWB Chip Manufacturers

The UWB chip market for smartphones is dominated by a mix of established tech
giants and specialized semiconductor manufacturers. Apple and Samsung are at the
forefront of the industry with their proprietary UWB chips, while NXP Semicon-
ductors and Qorvo provide popular solutions for other Android devices.

Apple has developed its own UWB chips, Ul and U2, which are used in iPhones
and other Apple devices. These chips are designed specifically to support Apple’s
ecosystem, enabling features such as precise location tracking for AirTags and seam-
less communication between Apple devices.

Samsung, a leader in consumer electronics, initially used both Qorvo and NXP
chips but now manufactures its own UWB chips for its more expensive models,
specifically designed to integrate with Samsung’s SmartThings and digital key sys-
tems.

Qorvo is a significant player in UWB technology, producing chips for a variety
of mobile applications. Its UWB solutions are used by several Android smartphone
manufacturers, including Google, to enable advanced connectivity features, partic-
ularly for indoor positioning and IoT applications.

NXP Semiconductors produces UWB chips that support digital car keys,
secure access control, and other UWB applications. Its technology has been adopted
in smartphones, automotive systems, and industrial [oT applications. NXP is a

major supplier for companies looking to add UWB to their devices.

Table 3.1: UWB chipsets used in different phones

OEM UWRB chip Product
Ul iPhone 11 — 14
Apple }
U2 iPhone 15 - 16
Samsing NXP SR100T | Note 20 Ultra, 5S21-23 Ultra & Plus version only, FoldZ 2-5
Qorvo QM35725 | S24 Ultra & Plus version only
Google Qorvo DW3720 | Pixel 6-7 Pro version only
Qorvo QM35725 | Pixel 8-9 Pro version only, Pixel Fold, Pixel Tablet
Xiaomi NXP SR100T | MIX4
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3.2 Android UWB module and API

Android Jetpack library is a set of software components, tools, and guidance to
help in the development of applications. This library allows developers to build
an app based on UWB chips included in smartphones. UWB functionality became
accessible with the release of the core.uwb library in June 2022, but the technology
itself was introduced in 2018 [3]. This library is compatible with devices running
Android 12 or newer and supports a range of use cases, including phone-to-phone
communication and interactions with Internet of Things (IoT) devices.

With the launch of Android 13 in 2022, a UWB module was introduced. This
module includes UWB stacks built above the Hardware Abstraction Layer (HAL)
interface, which is based on the FiRa specification. It enables new features and
capabilities for UWB chip vendors, expanding the potential applications of UWB
technology.

Applications built with this library enable UWB ranging sessions between two
devices, with each device assuming the role of either a controller or a controlee.
Each role has specific functions, and a Controller can perform ToF measurements
between more controlees simultaneously.

The controller defines the communication channel, initiates the session, and con-
figures the parameters to be used. The controlee responds to the controller’s calls
and returns the signal in a two-way-ranging process as it is shown in Figure |3.2]
Before starting a ranging session between two UWB-enabled smartphones, a rela-
tive discovery process must be initiated using an Out-of-Band (OoB) mechanism.
This mechanism allows UWB devices to locate each other, as alternative discovery
methods are not implemented in the Jetpack library. Therefore, Bluetooth-based or

WiFi-based discovery is required before initiating a UWB session.

e,
‘ Controlee C |

oL |

Controller

Controlee A I
@

Controlee B

Controlee

Controller
0 — U

2 Android devices
Android device

as a controlee

Fig. 3.2: Scheme of UWB connectivity between smartphones [10]
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By using the OoB mechanism for connection, all necessary information about
the UWB device can be extracted and used to initiate UWB communication. The
key data includes the device’s UUID, UWB address, and UWB channel. Once these
data are exchanged, communication can begin, providing ranging results such as the

distance, azimuth, and elevation of the controlee device.

3.3 i0OS UWB module and API

Apple provides a proprietary framework called Nearby Interaction (NI), supported
in 10S 15, watchOS 8, and later versions, which enables interaction with UWB-
enabled devices. Similarly to Android, an initial connection must be established
using OoB methods. Nearby Interaction offers four OoB mechanisms: the Core
Bluetooth library, LAN (TCP/UDP), a custom server, and the Watch Connectivity
framework (specifically used for Apple Watch interactions). In iOS, NI provides
both the distance and direction of a peer device, while in watchOS it only provides
the distance to a peer device (mainly to an iPhone) [4].

To communicate with third-party devices, Made for iPhone/iPod/iPad (MF1)
certification is required. Currently, only selected chips from Qorvo and NXP Semi-

conductors are certified.
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4 Existing applications

UWB technology has gained significant attention for its ability to enable precise lo-
cation tracking and seamless connectivity. However, only two applications currently
available on the Google Play Store or Apple App Store are designed to interact with
UWRB tags. This chapter explores each of these applications in detail and highlights

their features and capabilities.

4.1 Qorvo Connect

The Qorvo Connect app is designed to interact with tags using BLE. Compatible
devices can be scanned, and their advertisement data is read and decoded into a
human-readable format. Connections can be established with these devices, enabling
interaction with their services and characteristics. This application is compatible
with both the Android and iOS platforms.

Supported features include dynamic filtering during scanning (based on Received
Signal Strength Indication (RSSI), name, and advertisement types) and the ability
to review the advertising history. Multiple devices can be connected simultaneously,
and detailed information about each device can be accessed through the Device
Information Service. Firmware updates for Qorvo devices are supported over-the-

air.
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Fig. 4.1: Demo of Qorvo Connect app [27]

4.2 Qorvo Nearby Interaction

The Qorvo Nearby Interaction app is designed to facilitate the evaluation of UWB
technology by developers, using the approved development kits that use the Apple
NI framework.

With this application, Qorvo UWB development kits can be scanned and con-
nected or disconnected as needed. Ranging information, including distance, angle,
and elevation (where supported), is provided simultaneously for all connected devel-
opment kits. The position of each development kit relative to the iPhone is visually

displayed using text, a 2D /3D arrow, or augmented reality (AR) elements.
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The app requires an iPhone equipped with a U1/U2 chip (models 11 and newer)
and Qorvo UWB development kits. For iPhone 14 and 15 models, elevation is
indicated as SAME, ABOVE, or BELOW, replacing the azimuth angle, and the

directional arrow is shown in 2D.

21:25 21:25

QoNrvo QONrvo

Selected Accessory Selected Accessory
NOT CONNECTED DWM3001CDK
- - - 1.4m 17° 32°
distance azimuth elevation distance azimuth elevation

Scanning for accessories

/ \\\_
Devices near you Devices near you
DWM3001CDK Connect nRF52840DK 83° » | 0.7m
nRF52840DK Connect DWM3001CDK 17° 4 | 1.4m

Fig. 4.2: Demo of Qorvo Nearby Interaction app [2§]
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5 Implementation

This chapter presents a prototype application developed to test UWB technology,
with the goal of supporting Sewio RTLS tracking using UWB-enabled smartphones
in the future. It provides a comprehensive overview of the development process,
including the configuration and setup of Qorvo’s UWB module development kit
(DWM3001CDK). Key aspects such as concept design and software development

are thoroughly documented and described.

5.1 Android application

The goal of this application is to interact with the development kit (referred to as
the "devkit" hereafter), which is further detailed in Section [5.2] and also with Sewio
RTLS.

The application is capable of determining whether a smartphone supports UWB
functionality, obtaining the necessary permissions to perform an OoB BLE scan for
nearby devices, establish connections, and facilitate data exchange through reading
and writing operations. The acquired data can be used to establish the UWDB
connection required for subsequent measurements. It can also perform a TWR
range with another UWB device.

The first screen of the application is designed to provide basic functionality for
interacting with UWB and BLE devices. It features three primary buttons at the
top: UWB Support, UWB TWR, and Start Scan. Tapping the UWB Support
button displays a toast message that indicates whether the device supports UWB
technology, as shown in Figure 5.1} The Start Scan button functions as a toggle to
start or stop scanning for nearby BLE devices. The UWB TWR button takes the
user to a different screen, where measurements are made.

The scan results are displayed in a list, showing the name (if available) or "Un-
named" for devices without a recognizable label. In addition to the device names,
their respective signal strengths (in dBm) are displayed, providing an indication of

their proximity. Users can tap on any listed device to establish a connection.
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Fig. 5.1: Main screen: Control buttons and device discovery results

The second screen of the application (Fig. is displayed after establishing
a successful connection to the device. This screen provides advanced functionali-
ties and detailed insight into the interaction between the connected device and the
application, serving as a critical tool for the communication and debugging process.
MTU configuration — Allows users to request or change the maximum transmis-
sion unit (MTU) size via the text box and the button on the top of the screen.
Device characteristics — Lists device characteristics by UUID with properties
(Readable, Writable, Notifiable), allowing interaction with device features.
Interaction log — A log records all communication activities, including data reads,
writes, and notifications, along with timestamps. Data are represented in
hexadecimal format, providing detailed insight into the interaction process for

debugging and verification.
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Fig. 5.2: Device interaction screen: connected device characteristics and log

The last and most important screen (Fig. is shown after clicking the UWB
TWR button on the first screen. This screen is dedicated to initiating and managing
a TWR session between UWB devices. At the top is a checkbox, which allows the
user to change the devices’ role from controllee to controller. Below is a prepare
session button that configures the device for the TWR session. The screen displays
the local device address and includes a field for entering the destination address.
Once a session is prepared, users can begin ranging by pressing the start ranging

button (which dynamically changes to “Stop Ranging” when active).
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After establishing a session, the real-time ranging data is presented below, in-
cluding distance between devices (in meters), azimuth (in degrees), elevation (in
degrees) and the elapsed time of the measurements (in nanoseconds). At the very
bottom, a 3D arrow dynamically visualizes the direction toward the second device

based on the measurements data.

11:59 § =5l 25%08

Controller D

Prepare session

Local address: 6C:25
Destination address:

Stop Ranging

Distance: 0.67 m

Azimuth: 40.0 ®

Elevation: 20.0 °
Elapsed time: 948134905350 ns

00:00

Fig. 5.3: UWB session screen: TWR configuration

5.1.1 Programming

This section provides an explanation of the code developed for this project, including
its structure, functionality, and the logic behind key components. Describes the
programming languages, frameworks, and tools used, as well as the implementation
of core algorithms and processes. In addition, it discusses how the code contributes

to achieving the objectives of this study.
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The Kotlin programming language was chosen for developing the Android ap-
plication due to its robust libraries supporting UWB and its status as the primary
language for modern Android application development.

Android Studio was selected as the integrated development environment (IDE)
for this project due to its comprehensive suite of tools specifically made for Android
application development. It offers features such as an intuitive user interface, a
powerful code editor with advanced debugging capabilities, seamless integration with
the Android SDK, and support for Gradle-based build systems. These functionalities
facilitate efficient coding, testing, and deployment, making it an ideal choice for
developing robust and scalable Android applications.

The Samsung Galaxy S22+ was selected as the test device for the application
due to its support for UWB technology, a critical feature required for the project’s
functionality. Additionally, the device’s advanced hardware capabilities and com-
patibility with the latest Android features ensure a reliable testing environment for
evaluating the application’s performance and usability under real-world conditions.

The following directory tree illustrates the layout of the project’s files and di-
rectories. Each file and directory represents a specific aspect of the functionality,

ensuring that the code remains clean and well-organized.
/UWBApp
/ble
BleExtensions.kt
BleOperationType.kt
ConnectionEventListener .kt
ConnectionManager.kt
/ui.theme
Color.kt
Theme .kt
Type .kt
BleOperationsActivity.kt
CharacteristicAdapter.kt
MainActivity.kt
ModelRenderer .kt
PermissionsHelper .kt
ScanResultAdapter .kt
UWBRanging.kt
UwbTWR .kt
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UWB Support

The first feature implemented in the application is a Ul component that verifies the
support for UWB on the device. This feature is made using a button labeled "UWB
SUPPORT", which the user can press to determine if the device supports UWB
functionality. The logic is implemented as detailed in Listing [5.1]

The setOnClickListener method is used to define the behavior of the but-
ton when clicked. The application uses the PackageManager.hasSystemFeature
method to verify if the device supports UWB by checking the FEATURE USB
constant. If UWB is supported, a toast message saying "UWB is supported" is
displayed to inform the user, otherwise "UWB is not supported" is shown.

binding.buttonUWB.setOnClickListener{
if (packageManager.hasSystemFeature (PackageManager.
FEATURE _UWB))
Toast .makeText (this, "UWB_is supported", Toast.
LENGTH_LONG) . show ()
else
Toast .makeText (this, "UWB_is_not supported",
Toast.LENGTH_LONG) .show ()

Listing 5.1: Code example of UWB SUPPORT button

The layout of the button is defined in the XML file, as shown in Listing[5.2} The
button is positioned centrally within the parent layout using constraints, ensuring
a consistent and visually appealing interface. The android:id attribute uniquely
identifies the button in the layout, and the android:text attribute specifies the button
label as "UWB SUPPORT". Constraints are applied to align the button with other
components and the parent layout.

<Button

android:id="@+id/buttonUWB"
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:text="UWB_ ,SUPPORT"
app:layout_constraintBottom_toTopOf="@+id/scan_button"
app:layout_constraintEnd_toEndOf="parent"
app:layout_constraintStart_toStartOf="parent"
app:layout_constraintTop_toTopOf="parent"/>

Listing 5.2: Example of UWB SUPPORT button design
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UWB TWR

The second and more significant feature is accessible via the "UWB TWR" button,
which is defined similarly to the "UWB SUPPORT" button. When this button is
clicked, the application navigates the user to a second screen (Fig. |5.3) using the

setOnClick Listener method, as shown in Listing [5.3

binding.buttonUWBTWR.setOnClickListener{
val intent = Intent(this, UwbTWR::class.java)
startActivity (intent)

Listing 5.3: Code example of transition to the other screen

This screen layout, defined in the UW BTW R.kt file, is implemented using Jet-
pack Compose, a modern toolkit that simplifies the development of user interfaces.

An example of a composable function displaying a block of text is provided in List-

ing 5.4}

fun PositionText () {
val position = uwbRanging.rangingPosition
Text("Distance: ${position.distance?.value} m")
Text ("Azimuth: ,${position.azimuth?.value} ,\u00BO")
Text ("Elevation: ${position.elevation?.valuel} ,\u00BO"
)
Text ("Elapsedtime: ${position.elapsedRealtimeNanos}

nsll

Listing 5.4: Code example of composable element

From this screen, the user can configure and initiate TWR communication with
another device without relying on out-of-band (OoB) methods. This is accomplished
by specifying the MAC address of a compatible peer device that satisfies the ranging
requirements defined in Listing [5.5, which are obtained from the androidz.core.uwb
library. The implementation of this configuration is located in the UW B Ranging.kt
file.

38




10

N =

© 0 N O Ot B~ W

10
11
12
13

val partnerParameters = RangingParameters(

uwbConfigType = RangingParameters.
CONFIG_UNICAST_DS_TWR,

sessionKeyInfo = byteArray0f (0x08, 0x07, 0x01, 0x02,
0x03, 0x04, 0x05, 0x06),

complexChannel = UwbComplexChannel (9, 9),

peerDevices = 1ist0f (UwbDevice (remoteUwbAdr)),

updateRateType = RangingParameters.
RANGING_UPDATE_RATE_FREQUENT,

sessionlId = 42,

subSessionId = 0,

subSessionKeyInfo = null

Listing 5.5: Code example of UWB parameters

The resulting distance, azimuth and elevation measurements are visualized on the
screen (Fig. and used to dynamically rotate a 3D arrow indicating the direction
to the peer device. The arrow is rendered using the com.google.android. filament
library, with a .glb file as the source of the 3D model. Listings and show
the implementation of the arrow rendering and the logic used to update its ori-
entation based on the ranging data. This functionality is implemented in the
Model Renderer.kt file.

private fun createRenderables () {
val buffer = assets.open("models/arrow.glb").use {
input ->
val bytes = ByteArray(input.available())
input.read (bytes)
ByteBuffer.allocateDirect (bytes.size) .apply {
order (ByteOrder .nativeOrder ())
put (bytes)
rewind ()
}
}
modelViewer.loadModelGlb (buffer)
modelViewer.transformToUnitCube ()
}

Listing 5.6: Code example of arrow render
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fun updateArrowOrientation(azimuthDegrees: s
elevationDegrees: ) {
val transform = FloatArray(16).also {
android.opengl.Matrix.setIdentityM(it, O0)
android.opengl.Matrix.rotateM(it, 0, -90f, Of, 1f
, 0f)
android.opengl.Matrix.rotateM(it, O,
elevationDegrees, 1f, 0f, 0f)
android.opengl.Matrix.rotateM(it, O,
azimuthDegrees, 0f, 1f, 0f)
+
val rootEntity = modelViewer.asset?.root 7: return
val engine = modelViewer.engine
val transformManager = engine.transformManager
val instance = transformManager.getInstance(
rootEntity)

transformManager.setTransform(instance, transform)

Listing 5.7: Code example of changing arrow orientation

Bluetooth Low Energy connectivity

The implementation of the BLE connection was adapted from the guide 'The Ulti-
mate Guide to Android Bluetooth Low Energy’ by Chee Yi Ong [23]. Modifications
were made to suit the requirements of this work.

PermissionsHelper.kt file is designed to manage and check app permissions,
particularly related to Bluetooth operations. It includes methods to determine
whether specific permissions have been granted. These methods uses Android’s
ContextCompat and PackageManager to streamline permission handling in the
app, ensuring compatibility with various Android versions. This file is vital for
simplifying permission management.

ScanResult Adapter.kt is a class that serves as an adapter for a RecyclerView
in the application. The adapter is designed to display a list of BLE scan results.
Each scan result is presented in a custom layout, showing the device name, MAC
address, and signal strength. A click listener is implemented for each item in the

list, allowing user interaction with the scan results.
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CharacteristicAdapter.kt works similarly to ScanResultAdapter.kt, it is the
adapter used to display BluetoothGattCharacteristic objects and a click listener
function as parameters. Creates and binds ViewHolder objects, which represent
individual rows in the list. Each row displays the UUID and properties of a charac-
teristic.

BleOperationsActivity.kt file is designed to facilitate BLE operations within
an application. Provides a user interface for interacting with their characteristics.
The file enables users to read, write, and toggle notifications for BLE characteristics
while also supporting the configuration of the MTU.

MainActivity.kt file serves as the central hub of the application. The file han-
dles BLE operations such as scanning for devices, processing scan results, and initi-
ating connections. It also manages permission requests for Bluetooth access, checks
if Bluetooth is enabled, and prompts the user to enable it if necessary. The Main-
Activity class implements life cycle management, error handling, and user feedback
through toast messages.

ConnectionEventListener.kt file defines a listener class for BLE connection
events. It includes callback methods for handling events such as connection setup,
disconnection, characteristic and descriptor reads/writes, notifications enabling/dis-
abling, and M'TU changes.

ConnectionManager.kt provides the main BLE management logic. It also
maintains an operation queue to execute BLE tasks sequentially and manages con-
nected devices’ Generic Attribute Profile (GATT) profiles.

BleExtensions.kt file contains utility extensions for BLE-related classes. It
includes methods for printing GATT tables, finding characteristics and descriptors,
checking properties (e.g. readability or writability), executing writes for character-
istics/descriptors, and converting byte arrays to hexadecimal strings.

BleOperationType.kt defines a sealed class hierarchy representing various
BLE operations. These operation types are used in the ConnectionManager’s oper-

ation queue.

5.2 Development kit

The Qorvo DWM3001CDK is a development kit designed to enable engineers to
explore and prototype applications utilizing UWB technology. This devkit is fully
compliant with the IEEE 802.15.4z standard, ensuring high accuracy, reliability in
distance measurement, and secure communication. It features essential capabilities
such as BLE connectivity for easy setup, flexible configuration, and support for

UWB measurements.
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5.2.1 Configuration

The development kit is equipped with an onboard Segger J-Link programmer and has
been flashed with a firmware (see Section |5.2.2)) using Segger J-Flash Lite software
via the micro-USB port. After flashing, the devkit can be configured through the

command-line interface (CLI), the included software, or the provided Python scripts.

5.2.2 Firmware
Qorvo Nearby Interaction SDK

The first firmware utilized in this project is a modified version specifically designed to
interact with the iOS application, Qorvo Nearby Interaction. Although the firmware
can interact with Android, its functionality is currently limited by the absence of a
dedicated application for the platform.

The used firmware is DWM3001CDK-QANI-FreeRTOS_full QNI_3_0_O, which in-
cludes several modifications compared to the stock release. These include enabling
Bluetooth advertising and connectivity and disabling the CLI configuration menu.
Bluetooth functionality is essential for the devkit to establish an OoB connection
with the smartphone. Disabling the CLI menu is not critical for operation, but it
prevents the user from modifying the device settings manually.

The firmware is developed in C, compiled into a binary file, and subsequently
flashed onto the devkit. The source code is available for download from the Qorvo
website [25], allowing easy access and modification. The firmware can be modi-
fied using the SEGGER Embedded Studio software. A significant portion of the
firmware’s functionality can be adjusted through the use of macros, which serve to
enable or disable specific sections of the code. This approach allows for flexible con-
figuration without the need for extensive changes to the underlying code structure.
An example of this can be seen in Listing [5.8] where the macro is used to control
the BLE advertising feature.

#ifndef BLE ADVERTISING ENABLED
#define BLE ADVERTISING ENABLED 1
#endif

Listing 5.8: Macro for enabling BLE advertising

This modified firmware served a dual purpose during development. Firstly, it
was used to validate and test the functionality of Qorvo’s iOS applications (see
Chapter , particularly their integration with the Nearby Interaction framework.
Secondly, it provided a foundation for experimenting with Bluetooth Low Energy

communication in the context of the custom Android application. Although Android

42




support is limited, the firmware allowed the developer to explore the establishment of
BLE connections, service discovery, and characteristic read /write operations. These
experiments were important in understanding how the devkit interacts with mobile

devices over BLE and in identifying the limitations of the current implementation

on Android.

DW3 QM33 SDK

The second firmware used in this project is the original release, version 1.0.2, named
DWM3001CDK-DW3_QM33_SDK_UCI-FreeRTO0S. This version provides full access to con-
figuration and control features, allowing users to modify parameters and execute
functions through the included Python scripts or via the Qorvo One TWR, appli-
cation. This flexibility makes it particularly suitable for development and testing
scenarios that require dynamic adjustment of UWB parameters and behavior.

This firmware was used to support the developed Android application (see Sec-
tion . The configuration was performed using the provided Python script
run_fira_twr.py, which was slightly modified to match the specific requirements
for Android identified by documentation and debugging. The following changes were
made to the script’s default parameters:

e -ranging-span default changed to 120

o -mac and -dest-mac modified to accept MAC addresses in the format XX:XX

o —en-rssi default changed to True

o -preamble-idx default changed to 9

e -slots-per-rr default changed to 6

e -hopping-mode default changed to enabled
These modifications ensured compatibility with the Android app’s configuration and
allowed successful establishment of UWB ranging sessions.

The script can be executed from the command line using the following command:

$ python run_fira_twr.py -p <COMX> --mac 00:00 --dest-mac
<XX:XX> [--controlee]

Listing 5.9: Example command to run the python script

Here, <COMX> specifies the serial port to which the devkit is connected, and <XX:XX>
represents the MAC address of the Android device, which is generated by the ap-
plication when the "Prepare session" button is pressed. The optional -controlee
flag designates the device as a controlee; if omitted, the device acts as a controller
by default.
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After executing the command and pressing the Start Ranging button on the peer
device, the UWB ranging session is initiated. Once active, measurement data are

streamed through the terminal, as shown in the example output below:

# Ranging Data:

session handle: 4
sequence n: 162
ranging interval: 120 ms
measurement type: Twr
Mac add size: 2

primary session id: 0xO
n of measurement: 1

# Measurement 1:

status: 0k (0x0)
mac address: 3f:82 hex
is nlos meas: Unknown
distance: 24.0 cm
AoA azimuth: 0.0 deg
AoA az. FOM: 0.0 %

AoA elevation: 0.0 deg
AoA elev. FOM: 0.0

AoA dest azimuth: 0.0 deg
AoA dest az. FOM: 0.0 %

AoA dest elevation: 0.0 deg
AoA dest elev. FOM: 0.0 %
slot in error: 0

rssi: -68.5 dBm

Listing 5.10: Sample output from a UWDB ranging session

As shown in the output, only the distance and RSSI values contain meaningful
data. This is because the devkit is equipped with a single antenna and is therefore
incapable of performing Angle of Arrival measurements. In contrast, the Android
device has multiple antennas, allowing it to compute azimuth and elevation angles,

as shown in Figure [5.3]
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5.3 Sewio RTLS integration

Despite the original goal of integrating smartphones with the SEWIO RTLS plat-
form using UWB, several factors made this integration unfeasible. The primary
issue is that SEWIO RTLS does not support the TWR method, which is the only
method currently supported by smartphones for UWB communication. Another
drawback is the limited access to low-level UWB chip features in both Android
and iOS operating systems, which prevents the creation of a custom communication
layer. Additionally, Android devices introduce specific challenges, such as generating
a new MAC address for each session (for security reasons), which leads to unstable
and unreliable connections due to constant connecting and disconnecting from the
anchors. As a result, the practical part of this thesis shifted focus to the analysis
of available UWB technologies and the development of a prototype application that
demonstrates UWB capabilities on smartphones, without direct integration into the
SEWIO RTLS.

5.3.1 Future Directions

The current state of UWB technology in smartphones and other consumer devices
is still in its early stages, but its unique properties, such as high accuracy, low
power consumption, and secure ranging, position it as a compelling enabler for real-
time location systems. As the technology matures, several trends and developments
suggest a strong and expanding role for UWB in both consumer and industrial
applications.

One of the most promising developments is the convergence of interoperability
standards, notably the collaboration between the FiRa Consortium and the om-
lox initiative. This cooperation aims to unify the behavior of devices and systems
between different vendors, paving the way for the seamless integration of UWB-
enabled devices into RTLS platforms. At the protocol level, the upcoming IEEE
802.15.4ab amendment is expected to introduce further enhancements to the ro-
bustness and scalability of UWB communications, particularly in dense or complex
environmentdl]

In support of this trend, recent ETSI technical reports recognize UWB as a key
driver of indoor positioning in industrial environments, highlighting its potential in

use cases where reliability, precision and security are critical?|

"https://www.ieee802.0rg/15/pub/TG4ab.html
’https://www.etsi.org/deliver/etsi_tr/103800_103899/103862/01.01.01_60/tr_103

862v010101p.pdf
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From a market perspective, UWB technology is steadily gaining momentum.
Analysts project continued growth in the coming years, largely driven by RTLS
applications in sectors such as manufacturing, logistics, and smart infrastructure.
Although adoption is still in its early stages, the market outlook remains strong, as
several reports emphasize the increasing demand for high-precision indoor position-
ing, particularly in industrial deploymentﬂﬂ.

In summary, despite its early adoption phase, UWB is gaining traction across
both consumer and industrial markets. The growing alignment around technical
standards and the expanding range of real-world applications point to a promis-
ing future. UWB is increasingly seen as a foundational technology for the next

generation of indoor positioning and smart systems.

Shttps://www.marketsandmarkets.com/Market-Reports/ultra-wideband-market-20090

5786.html
“https://www.grandviewresearch.com/industry-analysis/ultra-wideband-market-rep

ort
°https://www.databridgemarketresearch.com/reports/europe-ultra-wideband-uwb-m

arket
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Conclusion

This thesis analyzed the current use of Ultra-Wideband (UWB) technology in smart-
phones and its potential applications, particularly in real-time locating systems
(RTLS). It introduced the core concepts of locationing and UWB, followed by
an explanation of the origins, functionality, and integration of the technology into
smartphones. The study also provided an overview of key manufacturers and their
capabilities, along with a comparison of existing UWB-based applications.

The research examined how UWB is implemented in mobile operating sys-
tems, highlighting advantages such as high-precision location tracking and secure
proximity-based communication. A comparison of the Android and Apple plat-
forms revealed different approaches in terms of developer access and system-level
support. These findings offer valuable insight into the growing impact of UWB on
the mobile industry.

In the practical part of the thesis, a prototype Android application was developed
to demonstrate UWB-based locationing. The application checks for UWB support
and establishes a Bluetooth Low Energy connection with the UWB tag as a prepara-
tory step for potential Out-of-Band communication in future versions. However, in
its current state, UWB two-way ranging is initiated directly using the tag’s MAC
address, independently of BLE. The app also features a 3D visualization module
that renders real-time spatial data, such as distance, azimuth, and elevation, to help
users intuitively interpret the positioning of the tag.

Although one of the original goals was to integrate the prototype with the Sewio
RTLS system, this proved to be unfeasible due to software and hardware limitations.
As a result, the implementation focused on showcasing the capabilities of UWB
communication directly on smartphones.

In summary, this work demonstrates the feasibility of UWB-based locationing
on consumer devices while highlighting the current barriers to integrating mobile
platforms with established RTLS infrastructure. The developed prototype offers
a strong foundation for further exploration and contributes both theoretical and

practical value to the advancement of UWB technology.
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Symbols and abbreviations

devkit Development kit

GATT Generic Attribute Profile

GNSS Global Navigation Satellite System
GPS Global Positioning System

HAL Hardware Abstraction Layer

IDE Integrated Development Environment
IoT Internet of Things

IPS Indoor Positioning System

MFi Made for iPhone/iPod/iPad
MTU Maximum Transmission Unit

NI Nearby Interaction

OoB Out Of Band

OPS Outdoor Positioning System

RF Radio Frequency

RFID Radio Frequency Identification
RSSI Received Signal Strength Indication
RTLS Real Time Locating System

TCP Transmission Control Protocol
UDP User Datagram Protocol

USB Universal Serial Bus

UUID Universally Unique Identifier
UWB Ultra-wideband
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A Content of the electronic attachment

Due to its size, the full electronic attachment is not included directly in the sub-
mission. Instead, it is accessible via a link provided in a text file named down-
load_link.pdf, which is the only file uploaded to the system. The downloadable
archive consists of three main folders: application, firmware, and a compressed
python_ script, along with the thesis in PDF format. The application folder includes
UwbApp.zip, which contains the complete source code of the Android application,
and UwbApp.apk, the compiled installation file. The application can be opened
and built using Android Studio version 2024.2.1 Patch 2, requires Java 17, and
targets Android SDK version 34 (Android 14). A UWB-enabled smartphone is nec-
essary to run the application. The firmware folder contains the file DWM3001CDK-
DW3_ QM33 SDK_ UCI-FreeRTOS.hex, which is the firmware for the Qorvo
DWM3001CDK development kit. It can be flashed using SEGGER’s J-Flash Lite
utility. The archive also includes python_ script.zip, which contains a Python script
and its dependencies, recommended to be used with Python version 3.10. The the-
sis.pdf file provides the full text of the thesis.

L e root of the attached archive
application
UWbAPD . Zip ottt e source code
UWPAPD . @PK i application installation file
download _link.txXt ........ccciiiiiiniiinnnn.n. link to download the attachment
firmware
LA,DWMSOO1CDK—DW3_QM33_SDK_UCI-FreeRTOS.heX ....DWM3001CDK firmware
python_script.zip ............ooiiiiiiit, python script and its dependencies
thesis.pdf

The file download_link.pdf (uploaded with this thesis) contains the URL to

download this archive.
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