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Abstract The importance of location-based services has been steadily rising, leading to the increased
integration of Ultra-Wideband (UWB) technology in mobile devices and vehicles. Conventional
UWB-based positioning systems typically determine the distance and direction between devices or track
locations by pre-installing UWB anchors in environments like buildings or factories. This paper analyzes
the characteristics of a distributed node-based Anchor-less UWB positioning system, measuring its
actual ranging period and distance estimation error with varying node numbers and configured ranging
periods. Experimental results show that even without anchors or node synchronization, the system

achieves an average error of 0.32 meters.

Key Words : IoT; UWB; Position Estimation: Distributed System

1. M2 G ARIAEO] A Z2 ARAY A FEE &E

sto] AREAROl|A §-83 FEE AlTsEAY o1l A

T =2 ALRE ARl ZFF WH|Alol A ABlA & SRR, 2). o]#gt 91A] BEE ES517] fl5to]
9 28 F9 2 183 233 T2 o|27|71A] ok Global Positioning System (GPS)¥} Glonass 5= X

0| =22 LAY XS2sta¢7H|(20223)00 2510 AFE/US.
"WAKKE : Q85 (shyoo@pknu.ac.kr)
oY 20244 07€ 112 2L 20243 07€ 23Y  AMAIRAEY 20243 08Y 14Y



72 MNEQEHS=E=EXl H10H M43, 2024

351 Global Navigation Satellite System (GNSS)
[3]15E A]&sto] Radio Frequency IDentification
(RFID)°IY Wi-Figt &2 T4 B4l 7[& 283
localization 714, 72t Light Detection And
Ranging (LiDAR), RAdio Detection And Ranging
(RADAR) 5 83t A4 7|4t localization 7€ &
< 83t

SHAJEE, o]#gt %] FEE d5ok= H AMecke &
A 7eEY AL 7IedE BN AdHo] It AR
AREEE Hoprk thEt} GNSSY] Afolle= A+ AEE
E1 e Yo REH ASE Y] yEo, FH 8
9] YT ol Wow, BH FA 7&Z &8I
localization 71&2 YWFHOZ |ocalizations 3l
Agots B4 B4l 714S AREske wireless anchor
U Access Point (AP)9} 22 FA|E0] 912 ZEE &
5017 f1gk &0l mlg] AX| = ook sl s A=
9] A HHut g0 gt HHE n|e] =stoiof gt
o}, AlA 7|9t localization 7]&9] ZA-ole F4 B4
71% 718t localization 7|&d= 27 3P40 AAE
nlg] A2 o= AR FH 2 R 9 91 F
HE 256h7] floto] H2 &9 A4 HolHE ghEst
1 ofof] thsfiA] v w2 oF9] AA4te] AQstER /g
59 A ZX7E L asit

£ =RoAE 74 B4l 7€ 7149t localization 7]
W 3 UWB B4l 71&S &8oto] vl2] AX4E anchor
ol A9 YA HERE FEHE 5= = AlAHY
Edol oA Agitt ol F Boto] Bl B4 =
T 7|8t Anchor-less UWB &9 A|AH9] 14 9 22
Hof oo AlEgtT

2 =2 thad Zo] FAHT) 280 B A
ol BofjA 7]ttt 3FolMe & =wolAl EA45kaL
At Sz AlAEo] sl 1hds] AEstal, 440 ©
F AA”S] B4 AE Ao, mREo R 5704
AES Pt

2. &3 g

—

rk

H Zojlxl= GNSS 2 FA 7|& 715 localization
I AlA 718E localization®l] et W8-S 7|&sit

2.1 GNSS (Global Navigation Satellite System)
GNSS&= At F+H& FH5HL U= GNSS P2

K XS5 A5k, olg E-8sto] GNSS =41 A
9] A= ulolgltt. I8 mE, GNSS $417]= 94 Al
so] 9 F7toll YA|lof

, 5 50] YloH x| At
7} Golx|A| Foh4l. 223 IEbAQl GNSS AlAE
2 theFel YRle g glste) @A} HASHA Ei=t, o]
ol QA= Fol= wWHOo=Z Differential GNSS
(DGNSS)[519} Real Time Kinematic GNSS (RTK
GNS9)[617F AIQt=]ct. DGNSSeF RTK GNSS ZF
Aol 178 QA 71E=S AAJota, i 7|
o] =5h= GNSS TZd|olE e} 71&=9] 93] JEE
g8oto] ot BAYYHE AY4dstal, olF DGNSS ¥
RTK GNSS s=417]0l H&Esto] g =4l71E0] Ert
et AE FHT 4+ U=EE sk 7Roth
DGNSS9] o= GNSS 94 4159 F= golH,
RTK GNSS9| A-2-clli= vk&1t dlo|e g &-8-oto] B4
RS gt

2.2 8 71 718t localization

B4l 71€ 7148t localization LTE 7|A|=0Y Wi-Fi
AP} o] 1H A oA AZE FAlc= AAES
ghgoto] Hrky 71719 22 B A fAE =7
st= 7o R, A A9 7|9 Z1¥([713 fingerprint
718k 718l e &2 ERS 4= Qlth. A= 71wt 7139 4
- As7t AgE= Ao uet A A7|17F EolE=
‘e E8oto] F4l AL} =4l AA] Alel9] AdE
[9, 1015}, o] A FHe}l FA4l FAEQ] A 4
g 8ol £ AXY YHE FHIUTH
Fingerprint 7|5t 7|'H9] 4% 912 JHE AT 24
of gt A4 415 Axd &L, ofd A= JHet £
A 27 AIRE A4S RS tiRete] 7P ATt
=2 AAE FA AR A E F7Fsk= 7ol A
2] 7]vt 7199} A%- fingerprint 7]™Hell ®l3j Fe=r}
AR o E GojR ARt 5 9 {AH|Go] A Eot
£ o] Qt}. o]#T Localizationol= dutdoz
Wi-Fitk LTEQ} 22 B4l 7l&2 8 L&A
Fole HHid AAE FAHCE UWB B4l 7|9t
Localization®] 3 H ¥& JHolA L-&== FAlo]
ot UWB 54l 7|4t Localization & Time of
Flight (ToP)oll 715kt A2l 54 #HAl[11]0]01A] & %
AEth= o gt ol dekEQl AgelA=
Infrastructure 7504 UWB & 7+ Fdst &9
5718t 59 AR B4 &Qlo] "asitt,

Q.

=3
=
=
_[_7(

2L

M o



B Anchor-less UWB &9 AARIS| E40| Oigt ¢ 73

2.3 MM 78t localization

AA 718F localizatione 7Hileh} LiDARS} 722
ANES E8sHAL,
(IMU)2 g-gso] mupd =

Inertial Measurement Unit
% 3o gAo| 91215 Ho}
PL 71ME0] et 7HlEht LiDARSF 22 ANEZS
“?;_ g F2 39 3 JHE F3oto] o& vy

¥ B AR tigt A=E vELL, i Ak
Lﬂoﬂ/ﬂJ 92 E F43H= Simultaneous Localization
And Mapping (SLAM)[12] 7" & ARgst, IMU
£ A dii= F2 ol W £=5 FY5k= dead
reckoning(13] 7|H& ARERIT 12]1 Ftofl= i
E9] AA 718 localizationol4] 9] & 71| 7|zt
W, 21H0R PR AMES TU] BEIAE
A7} o] FolA| L UEH14l.

3. AMAH JHR

E Ao A& Anchor-less UWB =9 A|AE]9] tjz;
l, e 9 Al 2 1Al thsiA htkstAl A

Kiss

3.1 A& TR
2 =EolA B4 g AlARE 119 13 Zol
UeRd &= glom, UWB HIAXE A&EZto] Asstar 4
Alsk= UWB Ranging ==& UWB Ranging =58
= Besks AHE FLgHETh 1283 £ AA-A=
71&9] Anchor-Tag 7|58t9] UWB A|ARlT= HE2A
EE= UWB kES0] Ut $4 o= St

Ranging Node #1

@—-

Ranging Node #2

+—— UWBranging

Ranging Node #4 <= — —» Command & Report

Ranging Node #5

[Fig. 1] System design overview

32 AAH HS WA

£ AAFIoJA UWB Ranging =S+ 1% 2] Ut
W AR Zo] FAkeh, A= 1Y 39 UEhd <
AEe} Zo] =&sic} 8|3 B A|AHS] A4l 7sE
Q1 UWB Messaging®} Ranging ¥ Positioning®f o
A= thrY] AR AolA ThdstAl THET

3.2.1 UWB Messaging

L& 7ol A=E 5357 Yeixe UWB HIXAE
Fardbotol sh, ojuf P¥tHOoR Hul= w=TofA B
Y& fAxo] Hif= AJ-9] k& timestampE Eot
Al Bifjw, B é"ﬂ/\ﬂt k= AIH9] & timestamp
£ 715510, o] & TR/ FHES EEolo] LEE A
ole] AE FAT ‘:]r

{ Start

|

‘ Register to Server |

Is Ranging
Command
Received?

Send UWB Message

Process UWB Message &
Send to Server

[Fig. 2] Operation flow of UWB ranging node

[ Start

|

-

I Register UWB Nodes I

| Process Received Report |

I

| Estimate Distance and Position I

Select Node and Send Ranging
Command to Node

[Fig. 3] Operation flow of server



74 MEQIEHUSESH=2X| HM10¥ M4, 2024

3.2.2 UWB Ranging

UWB Messaginge 5o TH3E $541 =9
timestamp JEE &-8olo] Al LEE Alo]9] A
g5 F4T 4= Ut ol TRt 7S Soke] HAIA
9] ToFe} =& 2+ A7 JHE 4T 5= et £ A
2HoJAE Two Way Ranging (TWR) 718[151& A
&5loith. o] 71 & 1k Al57] Ado] "ashA] ¢
o} Bal 7]4k] Anchor-less 7| E-8&3t= B A|A
dlof] Agkslct. TWR 71 AHEsl7] YlsliAde 19 4

o} Zo] Al & Fhof| 3O HAR] wEhE He =
ol ZF AR W3t A19] timestamp FEET} o} 2]
4] 12 B85to] ToFs 7 5 3leu, olg Ed=
wE 7o) ARE 7% % U
reply2
round1 |-
» Node A
Msg #1 Msg #2 Msg #3
» Node B
_‘I‘“"_ round2
reply1

[Fig. 4] Two-way ranging with three messages

x T,

round2

+17,

round2

-7,

replyl

+ 7,

replyl

X T,

reply2
+ 7, @

reply2

roundl

T

roundl

ToF=

3.2.3 UWB Positioning

UWB Messaging®t Rangings 535t =5 7H9]
AgE &AM =59 XS Multidimensional
Scaling[16]2 E3to] =4t 2= 9lt}. thit, o2 E3)
ARl YA EE FEA Y o] A E] QIA] ¢
obx] AL} WFE 1T Aol "asi

4. MNAR H3 F "ot

FEAF 1t 7|4 Anchor-less UWB &9 A]AH]9]
71= 95to] Raspberry Pi 7189 = EES LH5I 0
H, g AlAEE EEsto] H7hE asiginh & Aol
A AARe Ly A 3 9 Hah Ao thsfA
ZrastA AgEitt.

4.1 B9 AAY 7Y

£ =EoA B7ker] 9%t *]/\E"—g UWB B4l 7¢
53 UWB =57 UWB =52 Aojelal 7 k=

7He] A7) AR} =rE0] 93 7‘4_”%_% ek AHE
T35}, UWB =52 Raspberry Pi AIE9] Single
Board Computer (SBC)2} Qorvo2] DWM1000 2E&
= AR&sto] gt om, 19 SoflA gl 4= Sl
a1 A9l AL-ol= LRt PC Aol Python 718F 2
t& AAgstqirk

L= 7|4t Anchor-less UWB A|AEIS] EAJS
A5l7] Ygte] UWB =52 19 60 AR A3}
o] j|sto] 1) =E=9] 4=of] W Ranging £4 &Q
st A, 2) AA% Ranging §7]° W& Ranging
J SRS Qg A, 121 3) 59 FEx 49

re

Node #3

31@
6 Node #2 | Node #4 Node #6
E21@ ® ®
]
2
-E Node #5

ode

-1 °®

0 .Node #1 Node #7

0 1 2 3 4

X position (m)

[Fig. 6] UWB node placement for experiment
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(Table 1) Error occurrence ratio with respect to
the number of nodes

Number of nodes 2 3 4 5 6 7

Error ratio (%) 165 | 214 | 1.75 | 467 | 7.45 | 11.03
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[Fig. 8] Update period and average error with ranging
period

(Table 2) Error occurrence ratio with respect to the
target update period

Period (sec) 0.005 | 0.01 | 0.02 | 0.03 | 0.04 | 0.05

Error ratio (%) 2.90 | 2.80 | 3.00 | 0.60 | 0.80 | 0.40
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(Table 3) Average position error of nodes

Node # 3 4 5 7 Average

Error (m) 0.73 | 0.36 | 0.38 | 0.13 0.32
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