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Various research attempts have been investigated to navigate and
locate source of the sound originated from the events such as firing,
explosion and the human. Noting the importance of this subject in
security and environmental protection organizations, a novel
approach is presented to locate sound source with a higher accuracy
and a lower response time. Conventionally, the proposed approach is
based on the sound signal time difference of arrival (TDOA) received
by a sound sensors array. The novelty is to use the simplified results
of the deployed geometric equation system. Thanks to the special
structure of the sensors array, without a need to the complicated
mathematical calculations and a heavy processing just by
incorporating the values in the equations the required response is
achieved with the highest accuracy and the lowest time. For the proof
of the concept, a primary scheme which is based on a 3-microphone
array is simulated. Due to the minor error (ie, 0.12%), to detect the
source with 100% probability a 4-microphone array is developed.
Also, to confirm the effectiveness of the concept in the 3-D space, the
scheme is extended to a 5-micophone array. The time delays readout
error is proportional to the error of the detection of the target
location, and this error is dependet on the quality and the
specification of the utilized hardware. Alleviating the complexities in
the conventional techniques, it decreases the process time and also
the required hardware. Therefore, this method saves the
implementation costs in the common applications.
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EXTENDED ABSTRACT

Introduction

Accurate detection of sound source location has many applications such as
automatic detection of a speaker in a conference for a better sound recording,
interaction between a talking robot and the user, and detection of the shooter in a
terrorist attack. Detection of impulsive sound source location such as source
originated from an explosion is one of the most important applications. Various
methods have been developed to detect the impulsive sound source location.

In this paper a new mathematical method based on trigonometric relations was
developed to detect the location of impulsive sound source. The proposed techniques
utilized an array of the sound sensors which took the advantage of the widely-used Time
Difference of Arrival (TDOA) approach for the target detection. In the proposed method,
the sounds’ time difference of arrival to the microphones was measured and incorporated
in the developed mathematical relations. Thus, an accurate location of the sound source
was detected with a lower complexity. For the proof of the concept, a primary scheme
based on a 3-microphone array was simulated. Due to minor error (i.e. 0.12%), to detect
the source with 100% probability a 4-microphone array was developed. In addition, to
confirm the effectiveness of the concept in 3-D space, the scheme was extended to a 5-
micophone array. Alleviating the complexities in the conventional techniques, the
proposed method decreased the process time and the required hardware.

Methodology

For the detection of the sound source location on a 2-D surface, at least three
microphones (sensors) are required. The concept of the target localization is shown in
Figure 1. It is assumed that the 3 sensors are located in the corners of an equilateral
triangle with a side length of D. The aim was to locate the coordinate of the target, (xy).
Assuming the velocity of sound as V and the arrival time delay attributed to each sensor as
d1, d2 and ds, it can be shown that the target position is calculated by solving Equation (1).
Solving this, one can achieve the position of the target on a 2-D surface.

X =Ar,+B
y =Cr,+D
(1) Where:
a9 o ogixe-dy o o oxd, dy g dY Xy Y, XX, Xgd)
X2 2X2 y3X2 y3 2y3 2y3 2 2y3 2y3X2
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Cir2(x2, y2, ry)

Figure 1. The concept of the target position detection based on a 3-microphone array.

The simulation results show that there is a negligible error (i.e, 0.12%) in target

detection in a 3-microphone array. To detect the source with 100% probability and also to
further confirm the effectiveness of the proposed concept, the number of the sensors was
increased. A 5-microphone array in a 3-D space is shown in Figure 2. In this scheme,
microphone No. 5 was utilized to detect the height of the target. Following the proposed
mathematical approach, the relations required to calculate the target coordinate (x,y,z) can
be stated as Equation (2). Similar to the 3-microphone array, the points x and y, can be
calculated using Equation (1). However, the height of the target position can be calculated
solving Equation (3). Finally, to achieve the position of the target, Equation (4) should be
numerically solved in accordance with (1)-(3).

(2)

(3

(X =x)*+(y —y)’ +(@ —2)* =1
(X =X)"+(y —y,)* +(2 -2,) =1}
(X =% +(y —y3) + (@2 —z) =1
(X =X)+(y —ys) + (2 —z5)* =1

z =En+F

Where

Ezﬂ : |::Zsz_d52
zZ, 2z,
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Microphone array position on XYZ-coordinate

1 ® Microphone position point {
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Figure 2. 5-microphone arrangement in a 3-D space
(4 (A’+C*+E?-Dr?+(2AB +2CD +2EF)r, +B?+D?*+F?=0

Results and discussion

The simulation of a 5-microphone array scheme was performed in MATLAB with the
space constraints as -200 < x,y < +200, -5 < z < +30 and the step size of 0.1. The simulation
was carried out for more than 5 billion points in the space and the results are summarized
in Table 1 for different cases. The simulation response time was also 0.006457 seconds for
a PC with the following specifications: Intel, Core2 @ 2.80GHz. It was clear that increasing
the number of the sensors and the 3-D space points during simulation led to target
detection with 0% error. It should be noted that this significant achievement was gained
with a lower response time and less hardware complexity thanks to the new developed
mathematical method.

Table 1. Simulation results for a 5-microphone array scheme
Condition # of points  # of correct points  # of incorrect points _ Error %

all 5618808351 5618808351 0 0
A0 5618804665 5618804665 0 0
A<0 3686 3686 0 0

ri>0 & /<0 0 0 0 0
ri<0&r/'>0 3432829723 3432829723 0 0
ri<0 & /<0 0 0 0 0
ri>0& />0 2185974942 2185974942 0 0

=ri 7 3686 0 0 0
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Conclusion

In the present research, a novel approach was presented to locate sound sources with a
higher accuracy and a lower response time. The proposed approach was based on the
sound signal time difference of arrival (TDOA) received by a sound sensor array. The
novelty of this approach was in using the simplified results of the deployed geometric
equation system. Because of the special structure of the sensor array, without a need for
complicated mathematical calculations and heavy processing, just by incorporating the
values in the equations, the required response was achieved with the highest accuracy and
the lowest time. For the proof of the concept, different schemes such as 3-, 4- and 5-
microphone arrays were studied and extensive simulations were performed. Alleviating
the complexities in the conventional techniques, the proposed approach decreased the
processing time and also the required hardware. Therefore, this method saved the
implementation costs in common applications.
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