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ABSTRACT

A technique for improving estimation accuracy is introduced in order to locate the impact position
of artillery shell during the weapon scoring test. Study on localization of impacts using acoustic
measurement has been conducted and the usability of sensor array is verified with experiments.
When the blast occurs above the ground in the firing range, the acoustic sensor above the ground
can measure the directly propagated sound with the ground-reflected one. In this study, a method for
reducing estimation error by using the reflection signal measurements based on the time difference of
arrival method. Considering the reflection sound works as same as placing a virtual sensor symmetri-
cally through the ground. This idea enables a virtual three-dimensional array configuration with a
two-dimensional plane array above the ground as such. The time difference between the direct and
the reflected propagations can be estimated using cepstrum analysis. Performance test has been made

in the simulation experiment in the football size area.
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Table 2 Microphone and start gun position

Table 1 TDOA pair with direct and reflected signal Position X(m) Y(m)
Pair T calculation Mic.1 32.32 -55.27
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i\ j* Tp =Ty T Mic.4 -34.97 3.41
¥ ik = Tjy T Ty Mic.5 -13.16 27.48
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o P Mic.7 35.39 9.00
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Mic.9 3436 -18.82
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Table 3 Comparison of the precision error about used
reflect signal number

Used reflect corﬁl]))igﬁtion Error

signal number — Median(m) | Mean(m)

0 (n=9, k=0) 1 0.774 0.774

1 (=9, k=1) 9 0.289 0.412

2 (n=9, k=2) 36 0.223 0.301

3 (=9, k=3) 84 0.223 0.270

4 (n=9, k=4) 126 0.226 0.252

5 (n=9, k=5) 126 0.222 0.241

6 (n=9, k=6) 84 0.224 0.233

7 (n=9, k=7) 36 0.229 0.227

8 (=9, k=8) 9 0.222 0.222

9 (n=9, k=9) 1 0.217 0.217
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