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Abstract This study explores an single-anchor positioning approach using ultra-wideband (UWB)
technology by combining time-of-flight (ToF) ranging with phase difference of arrival (PDoA) from a
multi-antenna UWB device. Conventional two-way ranging (TWR) systems require multiple anchors,
leading to higher deployment cost and complexity. In contrast, we propose a minimal configuration that
uses a single fixed device and PDoA-based angle information to estimate relative angle, distance, and
position without explicit initial calibration. We implement the system with a practical UWB platform
and evaluate its performance. The results show that the PDoA-based angle and distance estimates
closely match ground truth, enabling reliable estimation of the fixed device orientation and the other
device's position. Quantitatively, we observe an horizontal angular error of 7.87°, vertical angular error
of 0.42° and a 3D position RMS error of 0.816 m, indicating that competitive positioning accuracy is
achievable with far fewer devices than conventional UWB systems. These findings suggest that
PDoA-enabled UWB can reduce installation effort while maintaining practical accuracy for indoor

positioning and related applications.
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[Fig. 2] UWB PDoA Device Setup
3.1.2 Ranging HIO|H % ¥ EM E=
Ranging Hlo[8] =4 ¥ B4 BEL2 UWB AXE°]

BYer= Az 4 Wk JHE FAStL o]E Y E £

Aot dTS RS Bk AAsHAE, UWB S

o] Hje= Az 9 e FRE Y g FE

=2 24510 §4 QAo " ARVt Foke 4%

W] 2t HHQl Yawel & W7k 7w AHel

6‘ OHEP Z%E»_ HX] 14 =8

gt

ol W FH517] HsiAle &0l

A 7% Ranging Tl°]E7} Y835}

sto] 2] 7]EoA19 AEEY

, o BHO HAME Q] BRke

ol 42 W Pitchg 74

A7 ARG e JRE |

Yaws 33t

HPo & Aotz sh= =

%,
38 BAY 91 JuE

1% 3,
d

%

Al
2
Ry
:

-',.1

,_1

K
ox

ol i
OT

i)
i )
=2
_1_4

N
-
e
ox

i

l
&

™, 3 gloje
3

2
—10]1

o},“.. A

17}
o] A

ox
i)

she, & 74 ]
goZ A7}t FFoke £ R
Pitch®} Yaws 735t
EE Aot 128

A% 5 e

3.1.3 UWB 9X| &8 2=

UWB 92 4 2EL2 UWB PDoA Ranging A
EZHHE Ranging Hlo|ElE 441511, Ranging o]
H 3 9 B4 mE2REHe 139 A9 Yawet
Pitch 33ES 5310, 9 55 8ot AA
=9 9AE Fgoke 9L ¢ “o}t} o] I}7geflA sf
g BE2 B4 AYoRREH W WHE i JE
2 H¥ok= 24 35k, oln 19 39 UEhd 5
A1g &8t ohE AN de BR A 55 A

g HHolH, 9 e AAA =4 UF FES
Azimuth®} Elevation, ¢} 6+ X7} &ol= w12l
YB.WQ]‘ PitChﬂ —li_;g%i]:o]tq’ (‘rzmc’ Yanes Zam')% 14"

0| 2% gxo]t



202 MEQEHUS=S==X H11# M55, 2025

Lost COS(E* 0)*Sin(a/ - '//) Lane
Yoy |=d*| cos(e—8)*cos(a—w) [+| Yue
z sin(e—8) z

est anc

[Fig. 3] 3D Position Acqusition Equation

{Table 1) Specification of UWB Module

UWB Channel Explanation
UWB Channel 5&9
Number of Antennas 3
Angle of Arrival 3D AoA or 2D AoA
Ranging Mode Two-Way & One Way
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