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Abstract: Aiming to meet the requirement of highly accurate indoor positioning for smart mobile
devices, a novel acoustic asynchronous positioning method was proposed in this paper based on
distance difference and relative velocity measurements. First, combining the measurements of
distance difference and relative velocity, a joint estimation model of short time position sequence
was established to reduce the cumulative error caused by velocity integration. Then, the LM
(Levenberg-Marquardt) algorithm was used to quickly solve the established model. Finally, an
iterative optimization process was designed to apply random perturbations to the pre-frame posi-
tion of the short time position sequence to mitigate the impact of the initial position on the posi-
tioning results. Through those methods, accurate indoor acoustic asynchronous positioning can

be realized for smart mobile devices under the low density of beacon deployment. The numerical
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simulation and experimental results show: The proposed method is superior to traditional asyn-

chronous positioning methods in both 2D and 3D positioning scenarios, with higher positioning

accuracy and stability and the minimum number of required beacons being reduced to 2 and 3,

respectively; the positioning performance of the traditional asynchronous positioning methods

gradually approach that of the proposed method as the number of beacons increases; in a 2D posi-

tioning scenario with 3 beacons, the positioning accuracy of the proposed method is better than

0.43 m with a 90% probability when the length of the short time position sequence T =2, and

better than 0. 29 m when T=3. Therefore, the proposed method can achieve both higher positio-

ning accuracy and better positioning stability in conditions with a low beacon deployment density.

Keywords: indoor positioning; acoustic positioning; asynchronous positioning; time difference of

arrival
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Fig. 1 Asynchronous pseudorange measurement and TDOA
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