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UWB location algorithm based on joint convolutional variational
auto-encoder and predictor
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Abstract: UWB positioning system was used in an indoor three-line autonomous driving rail transit system, where high-precision
positioning of vehicles was a key technology to improve operational reliability and scheduling efficiency. A three-step UWB location
algorithm including non-line-of-sight (NLOS) discrimination, ranging error compensation and neural network location error compensation
was proposed using a joint convolutional variational auto-encoder and predictor ( VAE-CNN) , based on the analysis of UWB location
accuracy. Firstly, the ranging error and channel impulse response (CIR) data between the tag and the base stations were collected and
used to train the VAE-CNN model. The non-line-of-sight ranging values were eliminated according to the confidence threshold of the
original and reconstructed CIR. Secondly, the original ranging values were compensated by the prediction errors of the predictor. The
coordinates and the direction cosine of the coordinates with respect to the coordinates of each base station were calculated, which were
used to train the neural network to fit the relationship between the localization error and the direction cosine. The NLOS discrimination
capability of the VAE-CNN model was validated on a publicly available UWB ranging and CIR dataset, which includes both line-of-sight
(LOS) and NLOS measurements. The effectiveness of NLOS discrimination and ranging error compensation based on the VAE-CNN
model on improving positioning accuracy was also evaluated. The effect of positioning error compensation neural network on improving
positioning accuracy was evaluated based on the simulated vehicle trajectories under different ranging variances. An UWB localization

system was built to verify the practical performance of the three-step UWB localization algorithm in dynamic localization. The results
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show that in dynamic localization, in full line-of-sight environment, the algorithm achieved an average localization error of 28. 68 mm, a

root-mean-square localization error of 16. 67 mm, and a maximum localization error of 76. 68 mm. In the presence of non-line-of-sight

environment, the average localization error is 38.73 mm, the root mean square localization error is 20. 61 mm, and the maximum

localization error is 116. 47 mm. It can be seen that the three-step UWB location algorithm offers high accuracy, low cost, and excellent

stability, meeting the positioning requirements of indoor rail transit systems.

Keywords : three-line indoor rail transit; UWB location; convolutional variational auto-encoder; non-line-of-sight identification; error

compensation
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Bk R ¥ iR 2
BNk 333.81 221. 43
RIR SR 219.99 143. 08
FEANL IR 25 A M 103. 55 75.24
£6 0°=0.3 HHEMIRE
Table 6 Position error when 0°=0.3> (mm)
Bk iR 2 PR
fie/h ek 522.28 353.05
RIOR 2kl 355.26 240. 16
FE IR M 161. 54 119. 46
100F — L
b ot - BN e
75 - RR WL
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g et
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X/m
K9 o’=0.3" BARR M HL
Fig. 9 Trajectory of different algorithms when o> =0. 3°
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Table 7 Main algorithm flow complexity
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Fig. 10  Positioning server software interface
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Fig. 11  Experimental layout and motion trajectory
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Fig. 12 Positioning trajectory at full line of sight
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Table 8 Comparison of positioning errors at full line

of sight (mm)

GRZS THRE O HARIRE ERIR%E
/N Tk 246. 77 128. 64 471. 48
TE LR M 199. 86 105. 05 390.23
WP 22 4 M 75.37 46.96 209. 17
TS R 5 o7 158 2 M 28. 68 16. 67 76. 68
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Table 9 Comparison of positioning errors in the presence

of non line of sight (mm)
. 5 iR .
Ak ¥R - kiR
RE
/N 3Rk 286. 53 267.17 2103.20
A A IE 4 51 227. 89 126. 55 481. 00
BN IRZERMEE 265. 55 320. 16 2 585.00
SENLIRZEAMERAEMBESE B 182.27 104. 18 403. 38
T R 2 M2 151.36 249.12 1 946.25
) B 15 25 M A AL 1) 90.70 52.23 240. 58
B R R 7 158 2 A M 136.27 327.36 2 495. 48
B A 7 1R 22 M
- ) 38.73 20. 61 116. 47
BRI 2551
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Fig. 13 Reliability of experimental data reconstruction
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