55 49 % 45 3 ) I 5 B 3 4% Vol. 49 No. 3

2023 43 A Journal of Mine Automation Mar. 2023
NEMHS: 1671-251X(2023)03-0137-05 DOI: 10.13272/1.issn.1671-251x.18078
A Y ALY l-‘-l ;- A Y
EF UWB B PDOA 5 TOF 7 H TS ELMF X

CIH BEAT AR BB FEBE, BRI fAk 719315)

WE. R TARNPESH AR T Z2SXETHETLRE, BT FARAFREREH /LTS
KRR (UWB) L& B R A, L P ACR A RATH R (TOF) 89 A5 7 k% 2 AT A4 3b R K IR AW FE Fo T
©), BAERKRIER RE T LKLY AR ERFE, AsF LR P, BT R TR Rl — iy x
#9 K T UWB #9234 4845 £ (PDOA) 5 TOF ¥E7 HF TR T AL ik, %% ki@ it TOF M & 245 5 2 154 56
Z B 69 ¥E & , i@ it PDOA |7 T As 69 7 A, BARYE M 43 09 A F 55 & A5 53k 2 18] 69 3B B e or A, 32 A5 F 34T
BAL, BHERBERTAAFEZENAEELET X T 53509 2R R E AL £ R T2 TRk AR
(AOA), RE R KA R ZNRIER T H T TALF I H AL, %42 T AL 3b0 2 AR R K ZRIWMIER, TH 2 KL
— R AR TR e RH T RAAEE . M TR R A, E 5 kAR E A 15 cm YA /8 200 m A4,
¥5HEE N, TALAEE R L IE B L 38 % vk TOF M 3 A A% & A2 A8 3 239 /5+10 cm #9358 B W, LA RG89 44
T

KHEIE FTFBHATAL; AREAL; £45T45; UWB; F|ii4a4s £; k47EFE; PDOA; TOF

T 52255 TD6SS SCHRpR A A
A joint positioning method of PDOA and TOF in coal mines based on UWB
GUO Aijun

(CHN Energy Shendong Coal Technology Research Institute, Yulin 719315, China)

Abstract: The precise positioning of personnel and vehicles in coal mines is an important guarantee for safe
and efficient production in coal mines. Currently, ultra-wideband (UWB) wireless communication technology is
mainly used for the precise positioning of personnel and vehicles in coal mines. The positioning method that only
uses the time of flight (TOF) requires two positioning substations or antennas for joint ranging and direction. It
has problems such as large antenna spacing, inconvenience in installation and maintenance, and large positioning
errors. In order to solve the above problems, a joint positioning method based on UWB phase difference of arrival
(PDOA) and TOF is proposed for one-dimensional positioning scenarios in coal mines. This method measures the
distance between the positioning card and the positioning substation through TOF, and judges the direction of the
positioning card through PDOA. The method locates the positioning card based on the measured distance and
direction between the positioning card and the positioning substation. This method determines the angle of arrival
(AOA) of the positioning card based on the phase difference between the radio signals transmitted from the
positioning card and the two antennas of the positioning substation. It does not require a large antenna spacing to
determine the direction of the positioning card. It shortens the distance between the two antennas of the
positioning substation. It integrates the two antennas to facilitate installation and maintenance, improving
positioning precision. The underground testing results of coal mines show that the positioning precision of this
method is within 15 cm. Within the test distance range of 200 m, the positioning precision is not affected by the
distance. The TOF ranging value is stable within a range of + 10 cm relative to its mean value, with good stability.

Key words: underground joint positioning; personnel positioning; vehicle positioning; UWB; phase
difference of arrival; time of flight; PDOA; TOF
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Fig. 1 TOF ranging principle
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Fig. 2 Directional principle of positioning substation
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Fig. 6 Layout of PDOA directional test and TOF precision test
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