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Universal design approach for UWB localization base
station topology in large enclosed spaces

Zhong Yingchun Tian Zhihao

(School of Automation, Guangdong University of Technology, Guangzhou 510006, China)

Abstract; UWB ( Ultra-Wide Band, UWB) technology is one of the main approaches for obtaining the location coordinates of unmanned
equipment while inspecting in large enclosed spaces with multiple obstacles. Currently, the design of UWB location base stations
topology mainly relies on manual methods, which have many shortcomings such as low design efficiency, unknown design effect, and
difficult determination of cost-effectiveness. To address these issues, this paper proposes a scientific and complete topological evaluation
system of UWB location base stations, and a universal automated design method for the topology of UWB location base stations in large
enclosed spaces. The method is based on simulation, genetic algorithm and topological evaluation system to automatically generate the
optimal topology scheme suitable for practical application scenarios, including the optimal number and location information of base
stations. The experimental results show that; 1) The topology generated by the universal design approach has a better comprehensive
performance than the topology with the largest number of base stations, with an increase of 6.2% in overall performance; it also has a
better comprehensive performance than the topology with the smallest number of base stations, with an increase of 21.2% in overall
performance. 2) The topology generated by the universal design method has a better comprehensive performance than the serrated
topology designed by humans, with an increase of 11. 4% in overall performance and a design efficiency increase of 92. 9%. Therefore,
for the scenario of multiple obstacles in large enclosed spaces, the approach proposed in this paper can design a topology with better
overall performance and higher cost-effectiveness in a shorter time, providing a foundation for unmanned equipment to conduct
autonomous patrols and inspections in such large enclosed spaces.
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Table 1 The fitting results of positioning error data

Row Column Left Right
Gy AR Hr 22 Ay 722 Sy AR 7 22 Iy A A Fr 22
norminvgauss 0. 004 028 logistic 0. 004 947 logistic 0.002 363 norm 0. 002 652
x AR FRIRZEBAR LA 4 burr 0. 004 028 hypsecant 0. 005 069 hypsecant 0. 002 428 logistic 0. 002 890
dweibull 0.004 126 gennorm 0. 005 216 norm 0. 002 783 gumbel _| 0.003 130
hypsecant 0. 006 873 norm 0.003 817 norm 0. 000 166 norm 0.003 193

y AR 2B B U &5 R logistic 0. 006 874 logistic 0.004 383 logistic 0. 000 490 logistic 0.003 397
laplace 0. 007 004 gumbel _r 0. 005 072 gumbel 1 0. 001 998 gumbel | 0. 004 595
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Table 2 The best fitting model and parameters of positioning error data

X 3§ T A A [T 2
Row norminvgauss ‘a’; 4.9983, 'b"; —1.0389, loc”: 2.3687, “scale”; 10. 8678
x AL AR IR 2SR A A AR Column logistic loc”; 0. 1882, “scale’; 3.1925
AR K B8 Left logistic loc”: 1.6292, “scale’: 3. 5008
Right norm loc”; —=3. 8505, “scale”; 8.7645
Row hypsecant Zloc”: =0.2944, “scale”; 3. 1859
y A bR iR 2E R i A AR Column norm loc”; —0.4794, “scale’; 6. 6722
WA K B8 Left norm loc”: =3.4195, “scale”; 5.9012
Right norm loc”; 1. 8586, “scale”; 8.4571
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Table 3 Comprehensive performance comparison

under different layout parameters

I mEE F TR b
BOUR 2%/ 1%/ 2%/ JiE/  CRB - PDOP s
cm cm cm cm

2 2

0.78 44. 39 0.38 27.79 4.57 5.29 33.63
0. 65 44.02 0.37 32,93 3.83 5.66 34.91
0.56 49.78 1.32 31.54 6.02 4.47 35.51
0. 66 47.47 1.34  19.85 3.35 6.00 35.86
0. 08 47.98 1.69 38.99 4.67 4.90 36.50
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Table 4 Comparison of performance
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