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ABSTRACT

TDOA(time delay of arrival) position estimate from acoustic measurement of artillery shell impact
is studied in order to develop a targeting evaluation system. Impact position is calculated from the
intersections of hyperbolic estimates based on the least square Taylor series method. The mathemat-
ical process of Taylor series estimation is known to be robust. However, the concern lays with the
accuracy because it is sensitive to the bias caused by the randomness of measurement situation. The
measurement error typically occurs from the distortion of waveform, change of travelling path, and
sensor position error. For outdoor measurement, a consideration should be made on the atmospheric
condition such as temperature and wind which can possibly change the trajectories of rays of sound.
It produces wrong propagation time events accordingly. Ray tracing and optimization techniques are
introduced in this study to minimize the bias induced by the ray of sound. The numerical simulation

shows that the atmospheric correction improves the estimation accuracy.
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Fig. 1 Concept of GPS-based acoustic buoy deployed
in the ocean while measuring impact sound of
shell
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Fig. 2 Ray propagation geometry between two media
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Table 1 Arrival of ray tracing as grid length

Grid [m] Grid Grid Grid Euler-
1m 0.1 m 0.0l m | Lagrange
Amival | 50585 | 020585 | 0.20584 | 0.205 84
time[sec]
Error[%)] -0.0039 -0.0015 -0.0007
Table 2 Source and sensors position
Sour Sensor Sensor Sensor Sensor
ouree 1 2 3 4
x[m] 0 33.67 -5.09 -32.68 15.89
y[m] 0 19.55 | 30.04 1287 | -62.04
z[m] 2 2 2 2 2
&0 A9l e 1misTE 10mis7HA S7F
™ AlEHold akglar L A3} Table 30 Lhed
Atk TDOA 7IWo= FA3 27|9x= v+

es1sl 2717} sl
se A ol
1 olak ot}

AFA 7o v i@,% 75‘% TDOA 7]™Hel]

dl Bemrt e de & 7 Uik vk

A ol WSk oAks 2715 #E VRS

DA do HERRE FAFAE ) o
o= Az A7) e dFE wE

T

4.3 Case 2: 0Y di2t Ex (MBS
nigo] A& o7 ZF713= 7-$ Table 49 Case
28} 2o FHoE E£ m/sollA 4 m/sTHA] B
O 0]

% 1
S P FFe DY fA%] ARG

F

H:l
b

Trans. Korean Soc. Noise Vib. Eng., 26(1) : 89~96, 2016 | 93



Donghun Choi et al.;

Study on Error Correction of Impact Sound Position Estimation Using Ray Tracing

Table 3 Case 1: Estimation using TDOA method and wind correction, uniform wind distribution

Wind Estimate from TDOA method Estimate after wind correction
?r:;f/es(]1 x[m] y[m] Distance error[m] X[m] y[m] Distance error[m]
0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1 -0.0006 -0.1432 0.1432 -0.0006 -0.0032 0.0033
2 -0.0013 -0.2862 0.2862 -0.0013 0.0038 0.0040
3 -0.0021 -0.4290 0.4290 -0.0021 0.0010 0.0023
4 -0.0029 -0.5716 0.5716 -0.0029 -0.0016 0.0033
5 -0.0037 -0.7140 0.7140 -0.0037 0.0060 0.0070
6 -0.0047 -0.8563 0.8563 -0.0047 0.0037 0.0060
7 -0.0057 -0.9984 0.9984 -0.0057 0.0016 0.0059
8 -0.0067 -1.1404 1.1404 0.0033 -0.0004 0.0033
9 -0.0078 -1.2821 1.2821 0.0022 -0.0021 0.0030
10 -0.0090 -1.4238 1.4238 0.0010 -0.0038 0.0039
Table 4 Wind speed and direction
Case 2 Case 3
Speed[m/s] Direction Speed[m/s] Direction
Sensor 1 1 N 1 NE
Sensor 2 3 N 2 E
Sensor 3 4 N 3 NE
Sensor 4 2 N 4 N
Table 5 Case 2 and case 3: estimation using TDOA method and wind correction
TDOA method Wind correction
x[m] y[m] Distance error[m] x[m] y[m] Distance error[m]
Case 2 0.0372 -0.3320 0.3340 -0.0028 -0.0020 0.0034
Case 3 -0.1206 -0.3628 0.3823 -0.0006 -0.0028 0.0028
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