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UWB Positioning System

» Wireless Positioning

» What is Ultra Wideband (UWB)?¢
» Wireless communication protocol
» Wide bandwidth

» Short pulses, low power




What is It used
fore

* Autonomy
* GPS redundancy

Applications

Increase

orecision! * More applications

Source: hitps://ww

ech/press/2fbclid=IwAR2 wkNVIbEiRatsiX7JxXYhMSwVyzUxhASyXBiOyQsG2ZQIGmIStfwbFTSk
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Impact of Hardware Components

Relation between
hardware and
precision

Oscillators

High-frequency
components

Antennas




How will we get theree¢

Components to Design evaluation Precision test and
evaluate system evaluation
» Three oscillators * Based on existing

« Design two antennas design by Decawave




Agenda

Theory & Problem Description
Design & Manufacturing
Precision Test Setup

Results



Ultra Wideband
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Wireless
Positioning

e Distance
Trilateration measurement

e Uncertainty




Wireless
Posifioning

Distance . .
e Time of flight

.?=(Trx_1.tx).
0

Noft

______________________________




Wireless Posifioning

Decawave algorithm Still significant source of error

Two-way communication
Minimizes dependence on clock drift




Signal

Environment ‘ ‘

Line-of-Sight

(LOS)
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Figure from Decawave




Obstruction
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» Theory & Problem Description
= Design & Manufacturing
Agenda

» Precision Test Setup

» Results




Components to
Evaluate - Osclillators

e 30 ppmMm
e 10 ppm
2 ppm

Frequency

stability

Source: https://commons.wikimedia.org/w/index.php2title=Special:Search&limit=5008&offset=08ns0=18&nsé=18&ns12=18&ns14=18&ns100=18&ns106=1&search=oscillator&advancedSearch-
current={}#/media/File:HP-HP9000-712-60-Workstation-Clock-Oscillator.joa
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Antenna Design

Vivaldi

e Reduces multipath
* Direction dependent

High gain

Covers
whole UWB
spectrum




Antenna Design

e Reduces interference
Band-reject from wi-fi and cellular
networks

Omnidirectional




ANntenna
Characterization

e Reference

e Octagonal
band-reject

e Vivaldi




Antenna
Characterization

Nailzleateilell ®* Controlled
elalelpplelsl®  environment




ANntenna
Characterization

e Omnidirection
pattern

e Decent matching
for most of UWB
spectrum

Reference

antenna

[dB]

-10 -

-15 -

20+

-25 -

-30 -

-35

-40

Reference Antenna, Radiation Pattern

Reference Antenna, S11
T

| | 1 | |
2000 4000 6000 8000 10000 12000
Frequency [MHz]



ANntenna
Characterization

e Somewhat

Octogonal omnidirectional
band-

: pattern
reject . _
clicalel® * Rejects certain
frequencies
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ANntenna
Characterization

» Directional pattern

\A\7elle[B « Good matching for
olpiiclalale® middle of UWB
spectrum
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Evaluation System
- Design

Based on
Decawave
schematic

Printed

circuit board
(PCB)

Modular

Evaluation Board Ver: 1
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Evaluation System
Manufacturing

gilgiEeN « Manufactured
circuit (7.5 x 6 X

ololelfel O.16cm)
(PCB) e Mounted




Agenda

Theory & Problem Description
Design & Manufacturing
Precision Test Setup

Results



Precision Test
Setup -
Environment

Test . Complgx .e'nwronmen’r
e Lab in vicinity

location [N

3 fixed
nodes
(elgleigle]sy

1 movable
node (tag)
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Precision Test
Setup - LOS

No obstructions

70
al=Te V[ (=laal=1gi B * Forming equally
points spaced 30cm squares
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Local
coordinate
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Anchor 1
>< 18 - 11 L 10 .

Precision Test . _
SeTUp - NLOS DESK _ Anc>h<or2
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Precision Test
Setup - NLOS

Obstructions

21
measurement

points
(locations)

Local
coordinate
system




Precision Test
Setup - NLOS

Complex

environment
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Theory & Problem Description
Design & Manufacturing
Precision Test Setup

Results



Results —
Reference Setup

LOS

Reference 30 ppm

Mean error Mean # of
estimates
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Results —

Reference Antenna, NLOS

Reference Setup AV S
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Results —
Octagonal Sefup
LOS

Oscillator

Octagonal 30 ppm

Mean error Mean # of
estimates
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ReSU|-|-S - Octagonal Antenna, NLOS
Octagonal Setup i S
NLOS T
TT -
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Results — Vivaldi
Setup NLOS {

T R -
Antenna Oscillator !
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Results — 2 ppm

Setup LOS

0.035 m 34.2

Oscillator

Reference 2 ppm

Mean error Mean # of
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R eS U H-S T 2 p p m _ 2ppm Oscillator, NLOS

7 o
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Results —

Octagonal Antenna, 2ppm Oscillator, NLOS
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Have we
Isolated the
Impact of the

evaluated
componentse




Centimeter level precision in horizontal plane

Indications of improvment using more stable
oscillators and/or band-reject antenna

Not readlly, but...




Second hardware iteration
More extensive testing

Broaden analysis

Given more

fime, we
would...
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