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Leakage noise detection using a multi—channel sensor module
based on acoustic intensity
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ABSTRACT: In this paper, we design and verify a system that can detect piping leakage noise in an environment
with significant reverberation and reflection using a multi-channel acoustic sensor module as a technology to
prevent major plant accidents caused by leakage. Four-channel microphones arranged in a tetrahedron are
designed as a single sensor module to measure three-dimensional sound intensity vectors. In an environment with
large effects of reverberation and reflection, the measurement error of each sensor module increases on average,
so after placing multiple sensor modules in the field, measurement results showing locations with large errors due
to effects such as reflection are excluded. Using the intersection between three-dimensional vectors obtained from
several pairs of sensor modules, the coordinates where the sound source is located are estimated, and outliers (e.g.,
positions estimated to be outside the site, positions estimated to be far from the average position) are detected and
excluded among the points. For achieving aforementioned goal, an excluding algorithm by deciding the outliers
among the estimated positions was proposed. By visualizing the estimated location coordinates of the leakage
sound on the site drawing within 1 second, we construct and verify a system that can detect the location of the
leakage sound in real time and enable immediate response. This study is expected to contribute to improving
accident response capabilities and ensuring safety in large plants.
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Fig. 2. (Color available online) Installation of multiple
sensor modules (P1—P7) (a) sensor modules installed

in the site with the origin and coordinate indication
(b) enlarged view of P3.



Fig. 3. (Color available online) Installation of virtual
leakage sound sources.
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Fig. 4. (Color available online) Twisted position in
space between intensity vectors from two different
sensor modules.
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