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Abstract: In order to solve the problem of manual measurement and inconvenient positioning for
the location of UWDB mobile base station in sports fields, a fast self positioning method for UWB
mobile base station based on time of flight (TOF) is proposed. Firstly, the local coordinate
system is determined according to the layout of the base station, and the coordinate equations of
each base station are established based on the mutual ranging information between UWDB base sta-
tions. The least square method is used to calculate the coordinates of each base station, and then
the positioning error is analyzed. Finally, the feasibility and stability of the algorithm are verified
through experiments. The experimental results show that the average positioning accuracy of the
mobile base station is within 0. 05m. Compared with the traditional manual measurement method,
the base station self positioning method can effectively save the base station deployment time and
reduce the workload.

Key words: UWB; Fast positioning; TOF; Base station layout

Wi B H9:2021-01-12;181T H#1.2021-01-27

E&TB . vy & S &R H (201903D121169)

TEE B 8 A (1996-) , & LA 58 A BN = N 8 o 5 T 1 A 5T
BIEEE KW (1976-) , 3, 8z, 2 N S0 I a4 AR Oy 1T i A 5%



T TOF iy UWB n] B sh R ulh P 5 5 (v B ik 113

PLAN4 , BOR B 2 B R B R BN I B &R F 2
B, LU 4 4 52 2 5% 3 Sl R B0 AT A Bt
Hrb iz 83 s 8l 5L E RS BE 2K Ry oy K g,
FFEKT 10Hz, 0] SR HERS I 712 8l 2 1932 sh il .
FI RIS FH 09 72 (0 B A 0 8 75 e o e RE L A
BRI R Wi A 4 ARY 55 76 56 0 R RS
JE T 1 AN RE W 12 B3 RS B S R A K s 4
RS 00 T2 & 48 (Global Navigation Satellite System,
GNSS 7 2 o7 4 AR GE A 28 AP A Bl 2 A7, B0 58 v
1 BEAIG ; 32 A 3 45 %€ 7 (Real-Time Kinematic, RTK)
FOAR BT S B A AT S AL H BT A 2 AR
HMESE K

H FEHF (Ultra Wide Band. UWB) % {7 #% & i
TR REERER. . ZRDHER . RELE
M 8 LR BE AT 3R o KR G A L TR E NS E
PLAIERAS B Tz R Y. B SR UWB 1l 5 g
%Jﬁﬂi&ﬁ{?ﬂaﬁﬁﬁl\%‘ﬁﬂ%(ﬁﬂ%%ﬁiéﬁﬁ&)ﬁ
AN T AR B o o7 B, BROARON T 3 i
7B ARG i AELAE P AN 58, 75 R 4l A 58 T
HEAT 5 B I A AR T A i S8 UWB
FEANL R G BE A TAE R, B T2 AL RS
IR S, BR N T & 22 A6 38 1T LUK B g 3
i € AL TE AR HE IS B 3 1Y 3 W ih Zx . UL i 3l 3 1 Bk o
ROt iff o 3 A AR 2802 Bl b b e 3 i R
AEIR B AR RT 2R, Jf H L uh 7R e mh vl fE 5 1
Wil AT ES, R A RZE, HiL,
ARSCHR T —Fhon] B8 Bl H b PR B E A T

il f 12 337 v R A Bl H PR E 6 i T oK
HE:T KATEFE (Time of Flight, TOF)!' ff) UWB A
R 8l HE i P [ A 5 1, ST R ER AR BR &R D3R HR
L A bR . AR T BEAE 12 B 3 rh A e Sl 8 A 4%
FE ki (] FORH 3 AR R RT PR B S 67 B Sk 1Y A XL
%7 AT 78 A S ) A 1R B[R] RT B AR, B AR
UWB % 3l 5 o7 & ufi (1) 41 BHME FE 52 RGN T B
B, 3K B PR HORS B4 B4 o 32 30 3 R R Bl ARl Ak R 1Y)
Hi.

1 EMEZE
1.1 TOF il 25 J&F 32 (3 ik W (= i 26 )

RBIE S HNA n A E L HEE AL 2 DSk
Z B R AT HEAT AR L by D0 R 3l ) I A R 22 7 Ok 1Y

SR S el 21 v S A QT R S S I O 7
XU ) 300 B 43 A R O B B B R R —
YN R 2 IF 10 SR &k B () 3, , SR 7 a0 SRR IR
I () 82, I 7 A2 BB B R I 5 K 26 N ) e
I BRI S AR 5 B R O AR
il AR WA A R s L BB S SRS BRIROF
TESR BT I 25 o ] LIAR 3] 4 AN B[] 22, 4R 35 B
] 22 VT3 HE 0k @ B O BE R,
A 4 ASIFR] 22 43 51 Ry
Lieplyt =1L — 1 Lieplyg =104 — 13
£ round n—1ls —to lruwmda —l; 12
wat NFEUG R IRE AT T B AR R Bl i
% ;a—E’JHTIEJ;tmdg L Rk N AR T BRI
Bk j &A% 0 BE AT BB ) 52 R HESE ¢ B2
WA E 5 B K3k N B R 5 BB 52,0 R SR
J FEWCR N B AF 5 B Ak IR A S B ]
DR A7 — i B i 5 B5F R] ¢ A] SRR
1 round1 X I round 12 Lreplyl X L reply2
‘= L oundt T ¢ round2 + Lreplyt T ¢ reply (1)
WA OB 5 R d
d =ct + Ad (2
Hp, e B IRLBALREHSE ; Ad y TOF Il #

W2,
Kl)l_]l ‘45 t
st g /

BE 1 TOF ill BE J7 32 B
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Fig. 2 Schematic diagram of base station rapid positioning
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Tab. 1 Base station coordinate simulation data (4 base stations)

HSL AR/ m HIfE/m PRAEZRE/m /(6T F+62) /m
(100,0) (99.9,0) (0.02,0) 0.02
(0,500 (—0.01,49.98) (0.01,0.02) 0.02
(100,50)  (100.01,50.00) (0.01,0.02) 0.02
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Tab. 2 Base station coordinate simulation data (6 base stations)

HSL AR/ m PIffi/m PREZE /m /(6T F+62) /m
(100.0) (100.00,0) 0.01,0) 0.01
(0,50) (0.01,49.99)  (0.00,0.01) 0.01
(100,50)  (99.98,50.00) (0.01,0.01) 0.01
(50,0) (49.99,0.00)  (0.01,0.00) 0.01
(50,500 (49.99,49.99)  (0.01,0.01) 0.01
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Tab. 3 Base station coordinate simulation data (8 base stations)

HI AR/ m ¥ /m e/ m /(62 +62) /m
(100,0) (100. 00,0) (0.01,0) 0. 01
(0,50) (—0.01,49.99) (0.00,0.01) 0.01
(100,50) (99.99,50.00) (0.01,0.00) 0.01
(50,0) (49.99,0.00)  (0.00,0.00) 0.01
(50,50) (49.99,49.99)  (0.00,0.01) 0.01
(0,25) (—0.01,24.99) (0.00,0.01) 0.01
(100,25) (99.99,25.00) (0.01,0.01) 0.01
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Fig. 3 Comparison between simulation results and actual position
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Tab. 4 Base station coordinate data of sports field

A v Hef {E AL E/m A2 S Bt/ m
2 (100.03.0) (100,0)
3 (0. 05,50. 04) 0,50
4 (99.96,50. 03) (100,50
5 (49. 96,0. 04) (50,0
6 (50. 03,49. 98) (50,50)
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