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Improved full-centroid-Taylor based UWB localization

Yang Xiujian, Huangfu Shangkun, Ao Peng, Yan Shaoxiang

( Faculty of Transportation Engineering, Kunming University of Science and Technology, Kunming 650500, China)

Abstract: To address inaccurate positioning caused by non-line-of-sicht ( NLOS) and multipath effects, we propose an enhanced
cooperative ultra-wideband (UWB) positioning algorithm based on the full-centroid-Taylor approach. In scenarios involving three or more
positioning base stations, the stations are grouped into sets of three. For each group, ranging data is initially processed using the bilateral
bi-directional method, and positioning coordinates are then estimated using the full-centroid algorithm. The coordinates of the ‘pseudo-
centroid’ point are subsequently optimized using a simulated annealing algorithm. This optimized result serves as the initial value for a
Taylor series expansion, which provides a refined initial estimate. Particle filtering is then applied using this refined value to obtain
precise positioning coordinates during carrier movement. Simulation and experimental results indicate that, compared to traditional UWB
positioning algorithms based on Chan-Taylor and WLS-Taylor methods, the proposed algorithm significantly improves positioning accuracy
in both static and dynamic scenarios. Furthermore, the application of particle filtering enhances positioning accuracy in complex
environments, demonstrating the robustness of the algorithm.
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Fig. 1 Four-base-station UWB positioning system
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dynamic positioning condition

12 TR & sh 25 2 0 T 4% U8 I 7 % 0 4 B MAE
(FE 12 (a)) #1 2 FL 4 #i A X ( cumulative distribution
function, CDF) (¥ 12(b) ) fEXf L, HIE 12(a) AT LA
E i, 56T E 2B 3, PF BRI E MAE £
AN R 2ZE KPR F A P Fh 8 i 50 5 th 1 12(b) AT L
O PF BIRE R B T B oRiR 25 4, HARTE /MR 221
AR 23 B 8 A Al v e i e R PR B, AR SR
H MAE 18 9 0.255 m, £ EKF 3§ 3% J5 B9 MAE {8 4
0.222 m, % UKF JEJ 5 1Y MAE {85 0. 182 m, 2 PF JE
WG MAE {58 0. 127 m, BT ah B A ZENL, 3 Fh
VB AR — R R T T AR SCEE RS B L {H PR
IR BRI

ZEA LR B M vl HT AR SC TR A SR AR 4l
PF UG  AESh S e M 5 T B Uk R 5 B Sl i V) &

Bl 12 shdsE i FASEE R 709 MAE F1 CDF {5 B4 e
Fig. 12
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Simulation comparison of distance MAE and CDF using
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Table 2 RMSE from 200 positioning trials for the three

algorithms in the NLOS scenario

RMSE/m
M HIAEAR/m WLS- B fut -

Chan-Taylor Taylor Taylor
1 (4.501,2.714) 0. 191 0.207 0.173
2 (2.332,4.523) 0. 184 0.204 0. 164
3 (0.725,4.716) 0.365 0. 396 0.305
4 (1.318,2.731) 0. 136 0. 157 0. 083
5 (2.106,1.131) 0.134 0. 149 0.091
6 (4.295.1.121) 0.249 0.255 0. 195
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Table 3 Position MAE and maximum error of the three

algorithms in dynamic positioning field test conditions

(m)
Rk {7 F MAE [hACs o NS
Chan-Taylor 0.225 0. 652
WLS-Talor 0. 190 0. 609
Ptk 4 50— Taylor 0.178 0.539
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Fig. 15 Comparison of motion trajectories using different filtering

methods in dynamic positioning field test conditions
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Table 4 Position MAE and maximum error using different

filtering methods in dynamic positioning field test

conditions (m)
Pk i MAE fir LR D2
EKF 0. 155 0. 402
UKF 0. 136 0. 440
PF 0.118 0.373
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Fig. 16  Comparison of CDF by different filter methods in

dynamic positioning field test condition
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