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Research on positioning method of UWB wired clock synchronization
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Abstract: Clock synchronization is the key to ensuring the accuracy of time difference of arrival ( TDOA ) positioning systems.
Currently, most TDOA systems adopt wireless clock synchronization methods, which necessitate frequent timing exchanges between
master and slave base stations. Such wireless synchronization scheme suffers from susceptibility to interference, channel occupation
issues, limited tag capacity and so on. Accordingly, a design for a TDOA positioning system utilizing UWB-based wired clock
synchronization is proposed. This system has designed a differential remote transmission circuit for clock signal and synchronization
signal. Particularly, the circuit for modulation and demodulation of the synchronous signal employs D flip-flop and NOR gate to ensure
the phase alignment between the clock signal and the synchronization signal. Moreover, a clock synchronization calibration method
designed to compensate for system errors, which confirms a synchronization accuracy of 0.5 ns with a maximum operational range of
100 m via standard Category Se cables, superior to conventional wireless clock synchronization methods. In addition, a multi-tier
cascaded clock synchronization architecture ( Master — Submaster — Slave ) was implemented to achieve high system scalability.
Experimental verification in indoor environments demonstrates that the tag positioning derived from this TDOA positioning implementation
yields an average R95 accuracy of approximately 9. 75 ¢m. To sum up, the developed system enhances both precision and stability in
UWB-based TDOA localization and reduce wireless channel occupancy of ultra-wideband TDOA positioning.
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Fig. 1 Multi-level cascaded clock synchronization architecture
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Fig.2  Operational mechanism of inter-site

wired clock synchronization
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Fig. 16 Static positioning experimental setup diagram
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Table 2 Analysis of static positioning data (cm)

Wiksl RFRE . WOTRIRE CFIHIRE R95
1 13.08 9.41 6.42 12.29
2 7.82 4. 64 2. 68 6.77
3 8.47 5.26 4.23 7.73
4 13.18 8.34 3.52 12.30
5 8.00 4.40 2.38 7.67
6 12.34 7.03 4.01 11.74

LSRRG 22 Bl 7E L R GE Y I A 0N, Herh
WAL 2.5 b T A7 DXl ey PR AL, e (RS 2
JEHITE 2.5 em iy, —E R BE AT DL S 25 0 2R GE Y 3
TORGBETR L ; S0 i L A 00 3 7T R 52 31 G L Anp R 2 1R
TEA WU 2 A BT B R B T P45 R, (o RUCR
FIREEL2E 5 o T ARSI U T 4 Sl A7 i
B0 AT DI Ik 3 Bk ol B, 0 A S s 1 A R AR T
ORI o DX S ARG

AL PPIRAE R GE 6 NI P e A7 4551 R95 Ab
F 7~13 cm Z 8], FEH{ETE 9.75 em Z£4, 5 Decawave
NEIV S FhICLR i R 2 SR AR S RS E AL 0
F xy ST E A ROSXY Xof HUAL EEAl 31 B0 PR REH b FE 47 X
e, 25 R ANER 3 s,

*3 ALEHHETSSTLHMETSHENM RIS HBEITLE
Table 3 R95 positioning accuracy ; wired vs.

wireless clock synchronization

TN R95/cm
R h R 2 9.75
LB 14.6
PI 14.1
PID 16.9
PII 16. 1
IR 2 IR 11.3

FRAE 2 3 e T 0, A R Rl 28 R G0 E
WORE FE AR T4 P LR M a (R 2 R 48, A Lt
BhIEIE RS0 RS MM 9. 75 em M F i HETC £ it 4h ]
e M RCR B R IR 2 08 RIS 1Y 11. 3 em, 4 R95
T T 13.7% , Fem AL IS L i B[R] 0 1 PID 59k RIS
% 42.3%,

FEBF R IRI RS B e M b AR SO 4R S 1A 42 TR
T BRI T ZRAHBMRH, TLEL %
PP SRS Y o ) SR R TR SR I DUA T FRD
PRI 25 FAHALR 25 . %715 5 2 B 242 T4k
fHIE RG] ABIBENLIR ZE 5, Decawave 23 7)1 45
BT ZMAE AR S E M R RN AR LR TEAE
{8 \PL.PID \PII X RIR S RIS, TEE 0K i , 26tk
B ANR IR 2 8 ol 2% PUAR X 4 g, L B 5 st 4 ) 48 &
WSR3 O P RE 38 BB 1k, BRIV R 4 v A
BT TR IR AN R (£1 ppm) AT ZELL 150 ms JE 1) & )
AT A RRPRIEFIEAE R, Dy AbRPEREIE &9 A
K—A AL R A SE R | BRI T A SER SR BE R e b
BN o 53— 7 T, FE A AITHE I, 2 O bR 2 AR A
ZIUE NSRRI, FEE R SEFEEES BZRAR
A G 3 T R ) 7 A RS 1

2R A SO Y A A LR i 4 8] 45 07 RR 48—
) = U IR bR 30 ok ) B A A SR LA 1 45T A AR



226 - S 1[I I IV = 3

539 &

rmRAT R, TR M B B e 2, U e 3R R
P& R A5 S M VAR AV O 22 B AT AR i 22 £ B T A%
iR B 22 Sl A, TS S AR i B AR 0 A SR 2 [ HL AT
R AR 2 F T S e TR o T AT B, JC T MR R 2% Y
WA,
5.3 BhESEAIK

SRS EARE, DN 5 g 2 i A RO
AR B E R BB , 00 R R €0 B R U 76 b AR 1 7
i Bh, Bl S TR AR 2 45 WB b AR L 1T E AT Bh A S
55, I £ 15.(40,50) &, 424t (140,50) | (140,250) |
(40,250) , Fe R A1 6 (40,50) , 555 3l 3 an (&1
18 FII7R o %8 AE ZR 58 LA AH S5 Bsf [ [0 B 2 A 73000 s A1 U
NG DS B s ol . ok 22 I AE 0 4
AL R 23 em BERIR ZEFLARTE 15 em LIN, ZERI A A
AT R BRI S 5 A BEDLIR 22, S BR 2 7 3L
RARIR R AF

20 40 60 80 100 120 140 160 ]80-
xBh/cm

K18 ENL RGBS HARE LI Es R
Fig. 18 Experimental results of dynamic target

positioning for localization system
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