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Abstract: In this paper, we describe a novel ranging method between multiple smartphones using acoustic
sensing in non-line-of-sight (NLOS) environments. Acoustic-based ranging methods that use a smartphone
built-in speaker and microphone represent one approach to high-accuracy ranging methods. These methods
can be used in line-of-sight (LOS) environments where there are no obstacles between the smartphones.
However, in daily life, there are usually many obstacles, including pedestrians, and NLOS environments are
the norm rather than the exception. Therefore, we propose the ranging system for NLOS environments.
To measure the distance between two smartphones without using a direct signal, this method efficiently
uses the primary reflected signal from the ceiling in an indoor environment. It can also detect LOS and
NLOS environments based on the proposed ranging method, and adapt the method used to estimate the
distance between the smartphones. In our experiments, we used two smartphones in a room and estimated
the distance between them for several placement configurations. In our results, we obtained 90th-percentile
errors of less than 11.97 cm for the distances between the smartphones. In this paper, we also mention the
effectiveness and limitations of the proposed method.
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Fig. 1 Flowchart for the proposed method.
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Fig. 3 An overview of ranging in NLOS environments in: (a) conventional methods

and (b) proposed method.
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Fig. 5 Envelope and arrival times obtained by: (a) active acoustic sensing for smart-

phone X, (b) passive acoustic sensing for smartphone X and (c) passive acoustic

sensing for smartphone Y.
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Fig. 8 Measurement environments where: (a) a whiteboard is installed as an obstacle,

(b) a standing person represents an obstacle, (c) the user is an obstacle and (d)

smartphones are placed on a desktop, where a cup, tissue case and other items

act as obstacles.
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Fig. 9 Overhead view of the experimental environment.
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