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A Study on Local Positioning System using Spread Spectrum Sound Waves
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SYNOPSIS

In this thesis, a novel local positioning system (LPS) using spread spectrum sound waves has been proposed
and investigated as an analogy for global positioning system (GPS) by satellites based on real-time positioning
using electromagnetic waves. In order to evaluate propagation characteristics of spread spectrum sound waves, a
series of experimental studies has been performed with analogous discussion of the GPS principle. Range
measurements as an analogy for pseudorange measurements in GPS yielded 0.019% (corresponding to about 4mm
in range distance) of range accuracy for a full-scale distance of 19.2m. High abilities in the capabilities of noise
tolerance and signal discrimination in code division multiple transmission have been also ensured on longitudinal
elastic sound waves. Severely band-limited experiments using all-purposed ultrasonic transducer from the
practical standpoint improved accuracy using a longer M-sequence length by extending shift registers from 10-bit
to 15bit. 3-D positioning experiments based on results mentioned above were successfully made demonstrating a
positioning RMS error of 4.39cm (a horizontal RMS error of 1.88cm and a vertical RMS error of 3.96cm) in a

rectangular room of dimension 4.0m(W) x 4.0m(L) x 1.5m(H).
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Fig.1 Block diagram of experimental setup.
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Fig.2 Frequency response experimentally obtained
for two configurations of transmitter and receiver
sources with a 30cm propagation path in air.
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Fig.3 Measured distance errors with the 10-bit
M-sequence by using the combination of the broadband
speaker and microphone.



(a) 10-bit M-sequence
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Fig.4 Resultant correlation values with the (a) 10-bit

M-sequence and the (b) 15-bit M-sequence by using

the broadband speaker and all-purpose transducer

with a 4.8m propagation path in air.
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Fig.5 Measured distance errors with the (a) 10-bit
M-sequence and (b) 15-bit M-sequence by using the
broadband speaker and the all-purpose transducer.
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Fig.6 Resultant correlation values for
four different M-sequence codes
simultaneously launched from four
speakers (ch.1, 2, 3 and 4), measured at
the center of a 1.0m high plane.
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