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Research on Non-line-of-sight 3D Ultrasonic Indoor Positioning System
SUN Bingman, ZHANG Xinghong
Liangjiang International College, Chongqing University of Technology, Chongqing 401135, China

Abstract: Objective In response to the issue of low precision of ultrasonic indoor positioning system in non-line-of-sight
positioning, a novel ultrasonic positioning system based on retroreflective ranging in non-line-of-sight environments was
proposed starting from the overall positioning system to reduce errors in non-line-of-sight environments and hardware errors
such as clock synchronization. Methods Utilizing the advantages of the differential corrected Chan-Taylor algorithm
combined with the Chan algorithm and Taylor series expansion algorithm, the Chan-Taylor algorithm was used to estimate
the known coordinate points in space and record their error information with actual coordinates as reference points. By
differentially weighting unknown points with neighboring reference points within a certain range, the initially estimated
coordinates obtained by the Chan-Taylor algorithm were corrected to obtain the final position. In order to simplify the
complexity of the positioning system and improve the positioning accuracy in line-of-sight environments, an improved
differential corrected Chan-Taylor algorithm was proposed. This involved reducing the initial density of reference points

and marking the estimated coordinates of target points that meet the minimum interval conditions for reference points after
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differential correction as new reference points to optimize the distribution of error information in the original reference point
system. Results Simulation experiments of the algorithm showed that in non-line-of-sight environments, the average error
in different reference point distribution areas of the differential corrected Chan-Taylor algorithm was reduced by 6. 43% to
37.46% compared with the Chan algorithm and Chan-Taylor algorithm. The improved differential corrected Chan-Taylor
algorithm reduced the average positioning error in line-of-sight positioning by at least 11. 15%, with a decrease of 22. 59%
in root mean square error. The positioning accuracy of the improved differential corrected algorithm was validated through
the construction of an ultrasonic indoor positioning system, with experimental results showing a positioning error range of
3 emto 7.5 em, where 90% of the errors were less than 6 ¢cm, representing a 28. 23% improvement compared with the
Chan-Taylor algorithm. Conclusion The ultrasonic indoor positioning system shows a significant improvement in accuracy
in non-line-of-sight positioning, with a smaller improvement in line-of-sight positioning. The positioning algorithm can be
optimized by improving the accuracy of the Chan-Taylor algorithm and enhancing the reference point weighting function.

Hardware improvements, such as optimizing the ultrasonic receiver signal recognition method and increasing the signal

range at the transmission end, can further enhance the positioning accuracy of the system.

Keywords: ultrasonic positioning; non-line-of-sight; positioning algorithm; 3D positioning
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BEEHF 3 4 5 6 7 8

Frvse 0.0233 0.0221 0.0234 0.0222 0.0227 0.023 5
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Table 2 Fp,: values when o=2. 0

AFEE H1k HF2k H#3k H4k % 5K

3 2.7E+18 1.425 1.1E+11 1.8E+18 1. 405
4 1. 446 1. 460 1. 465 1. 426 1.421
5 1. 489 1. 442 1.338 1. 593 1. 360
6 1.414 1. 436 1. 406 1.343 1.432
7 1. 466 1. 453 1.312 1. 567 1. 459
8 1. 417 1.432 1.419 1. 389 1.457

R3 0=4.0 BFtH Fop B

Table 3 Fyy values when 0=4.0

BHEE Hl1k HF2k H3k H4k % 5K
E;

3 5.7E+18 1.2E+9  6.379 6. 403 6. 1E+10
4 6.018 5. 863 5.701 5.752 5. 647
5 5.943 5. 645 5. 908 5. 687 5.599
6 5. 441 5. 867 5.764 5.543 5. 862
7 6.247 5.997 5.977 2.3E+18 5.5E+18
8 5. 664 5.310 5.554 5.510 5.816
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Table 4 Average errors when o=2. 0

354 £/cm
BEESH E o E
Chan Chan—Taylor
Chan—Taylor

0.25/2.0 2.198 3 2.018 1 1.526 8
0.25/4.0 2.260 7 2.080 9 1.301 4
2.0/4.0 2.106 7 1.932 1 1.3300
0.25/2.0/4.0 2.163 7 1.9853 1.256 3

K5 0=4.0 HHEHIRE

Table 5 Average errors when o=4. 0

P33k £/ cm
A EAH Chan Chan-Taylor Ciiijﬂr
0.25/2.0 7.9217 7.419 7 6.942 3
0.25/4.0 7.559 3 7.0345 6.200 2
2.0/4.0 8.2350 7.662 5 6.578 3
0.25/2.0/4.0 8.0439 7.488 6 6. 660 5

*6 0=0.25 HHFEHIRE

Table 6 Average errors when o=0. 25

iR £/ em
BERANH Chan Chan—Taylor Cizj\—ijor
0.25/2.0 0.059 9 0.0551 0.756 1
0.25/4.0 0.054 7 0.050 2 1.541 4
2.0/4.0 0.048 1 0.044 0 1.576 8
0.25/2.0/4.0 0.060 1 0.055 4 1.540 8
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Chan-Taylor algorithm before and after improvement
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