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Introduction(1)

A. Localization systems

* Localization refers to the process of determining the exact or
tentative location of an object, machine, or person in an indoor or
outdoor environment.

* Most of the existing localization systems utilize technologies such as
Wi-Fi, Radio Frequency ldentification (RFID), Infra-Red(IR), Global
Positioning Systems(GPS), and Ultra-Wideband (UWB).

/‘



Introduction(2)

* Some of the aforementioned technologies have been utilized
outdoors such as GPS, while others such as UWB has proven to be
efficient in both indoor and outdoor environments.

* Despite being in existence for a long time, Ultra-WideBand (UWB)
technology has not been fully exploited.
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Introduction(3)

B. Accuracy in UWB systems

* UWB technology uses a broad spectrum of frequencies to transmit data
over short distances with high data rates, with more accuracy in
positioning as compared to other technologies.

* Improving the accuracy of UWB localization systems would offer a
futuristic solution to our growing localization needs, which can be done

using advanced signal processing algorithms such as spatial filtering and
Machine Learning(ML) algorithms.

* Also optimized antenna rays have been proposed to play an important role
in achieving high spatial resolution and accuracy for these systems.
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Statement of the Problem

* There is need to improve UWB accuracy to make it a reliable choice
for demanding applications.

* While UWB technology offers many advantages, its accuracy
limitations can hinder its adoption in applications that require precise

location tracking.

* This research aims to address this challenge by exploring the use of
beam-forming, a spatial filtering technique, to suppress unwanted
signals caused by multipath and interference. By improving UWB
accuracy, we can unlock its full potential for various real-world

applications.
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Aims and Objectives

This research has three specific goals:

* Develop a spatial filtering technique: To achieve this, we will explore

the use of beam-forming as a method to filter out unwanted signals
and improve the accuracy of UWB localization.

* Implement a conventional beam-forming algorithm: We will
implement a standard beam-forming algorithm to enhance UWB
signal directionality, reducing interference from unwanted signals
arriving from other directions.

* Evaluate performance gains: Through real-world experiments and
simulations, we will evaluate the effectiveness of the implemented
beam-forming approach in improving UWB localization accuracy.
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Related Work

* Related work in UWB localization includes studies on adaptive
Kalman filters for accuracy improvement, UWB positioning in varied
environments, drift correction algorithms, digital twin concepts, and
strategies to mitigate human occlusion effects, enhancing UWB

system performance.
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Theoretical Framework(1)
A. UWSB technology

UWB technology utilizes a much wider frequency spectrum compared to
traditional wireless communication methods, typically ranging from 3.1 GHz to
10.6 GHZ. This broad bandwidth offers the following advantages:

* Resistant to multipath loss

* Ability to transmit signals through opaque media

« UWB technology can operate at very low power.

 UWB signals are difficult to detect due to their wide bandwidth.

* It provides robust communication due to its large processing power.
* High data rates
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Theoretical Framework(2)

B. (LOS) and (NLOS) propagation of UWB signals

* Line of Sight (LOS) propagation of UWB signals occurs when the signals
travels in a straight line between a transmitter and receiver without any
significant obstructions.

 However in real world environments, there are obstacles such as buildings,
trees, and walls which leads to Non-Line of Sight(NLOS) propagation which
can significantly affect the performance and reliability of UWB systems.

* Techniques such as adaptive antenna rays, Time-of-Arrival estimation, and
angle-of —arrival estimation can be used to improve signal quality and reduce
errors in UWB communication systems.
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Theoretical Framework(3)

* The figure below shows Line of Sight (LOS) and Non-Line of Sight
(NLOS) propagation of UWB signals.




Theoretical Framework(4)

C. UWB Localization systems

UWSB localization systems utilize different algorithms for measurement
approximations. These algorithms include:

e Time of Arrival (TOA)

e Angle of Arrival (AOA)

e Received Signal Strength (RSS)

e Time Difference of Arrival (TDOA)
e Hybrid Algorithms
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Methodology(1)

e The Qorvo DWM1000 IC Modules were used as UWB transceiver
modules in different setups.

* In one setup, a Qorvo DWM1000 module was designated as the
anchor transceiver, and another transceiver was placed 30 meters
away as the tag transceiver.

* The location of the tag transceiver was determined from the anchor
transceiver, and the measured distances were recorded and
compared to the actual distances.
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Methodology(2)

* In another setup, the tag transceiver was moved to 90 and 160
meters in two environments.

* One environment was an indoor cluttered space to test UWB
performance with multipath effects.

* The other environment was an outdoor space with a clear line of
sight.

* Five UWB transceivers were placed at similar distances in both
environments.

* Localization was done, and the measured distances were recorded.
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Methodology(3)

* The accuracy for the developed system was then evaluated as a
percentage using the ranged and the actual distances, and the
corresponding Signal-to-Noise (SNR) Ratio recorded.

* The behavior of this system was then modeled on MATLAB software.
A conventional beam-forming algorithm was then developed.
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Methodology(4)

* To improve UWB localization, a beam-forming algorithm focuses
received signals toward the target.

* Channel gains, time delays, and noise, affect the received signals
(yi(t)).

* Beam-forming weights (w;), are calculated based on carrier frequency
(f.) and time delays (T;).

* Combining signals with weights creates the beam-formed signal
(s(t)).

* Time delay (1) is estimated from s(t) and used to calculate distance
(d) using the speed of light (c).
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Results(1)

* The figure in the next slide is a plot of the accuracy before beam-
forming and after beam-forming. The maximum realized ground-
truth accuracy for the developed system was around 99.5% while the
maximum accuracy realized after beam-forming was 100%.
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Results(2)
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Results(3)

* There was a significant reduction in the amplitude of the beam-
formed signals compared to the original signals.

* This property is associated with beam-forming, where energy is
directed in a particular direction, resulting in lower amplitudes in
other directions.

* However, this does not necessarily depict the efficiency of the
developed conventional beam-forming algorithm.
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Results (SNR)

* In an attempt to establish the accuracy of the system, the Signal-to-
Noise Ratio (SNR) metric was used.

* By analyzing the change in SNR before and after beam-forming, there
was a significant measure of improvement in signal quality, which in
turn played an important role in maximizing local accuracy.
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Conclusion

* Beam-forming improves UWB localization accuracy through focused
power, even with lower signal amplitude.

e Multiple antennas enhance accuracy by mitigating multipath fading
in NLOS environments.

* The system requires multiple antennas, increasing implementation
cost.

* Future work aims to combine beam-forming with machine learning
for further improvement and real-world application.
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