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Abstract: - The tasks of sound source localization are always of great value in many engineering applications. In 
these types of localization appliances, several microphone transducers are usually involved in the localization 
structures. Each of the arrival times of the sound stimulus applied to these microphones is determined 
individually and sent to the arithmetic-logic sections immediately by which the localization systems could find 
out positions of the sound sources subsequently. But these appliances always consist of many components, and 
the looseness of structures may narrow their practical applications. In this paper, a new type of instrument is 
designed to accomplish the purpose of localizing the sound source by a relatively compact structure. This 
bionics structure is designed to mimic the localization function of the ears of the parasitoid fly Ormia ochracea, 
and it consists of three elastic diaphragms, three bars which connected to the diaphragms, and the other 
mechanical components. The analysis of this structure’s dynamic behavior shows that the incident angles of the 
sound have special relationship to the responses of this instrument, and the incident angles can be estimated by 
detecting the vibrations of the three elastic diaphragms. Compared with traditional microphone arrays, this 
instrument has the advantage of compaction and higher integrated level.  
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1   Introduction 
Microphone arrays have been used to locate an aerial 
sound source for many years, these arrays usually 
consist of 2, 3 microphones or even more [1~3]. The 
arrival times of the sound stimulus applied to these 
microphones are determined and sent to the 
arithmetic-logic sections which could find out 
position of the sound sources later on. The distance 
between each two microphones placed in the space is 
about several centimeters or equivalent amount so 
that the arrival times of the sound pressures at these 
microphones can be detected and processed by the 
subsequent arithmetic-logic sections. The sizes of 
these appliances are always big relatively, and they 
usually consist of many components. These physical 
characters of the structures mentioned above 
sometimes will limit their applications in industry. 
And if the microphones, in other words, the acoustic 
sensory devices, can be placed in very close 
proximities to each other, these types of sound source 
localizers will have broader applications definitely. 
An analysis is presented of mechanical responses to a 
sound field of the ears of the parasitoid fly Ormia 
ochracea [4~7]. It shows that the ears of this kind of 
parasitoid fly have a cuticular structure which can 
couple the ears mechanically in order to achieve the 

directional sensitivity. Based on the mechanism of 
the directional hearing of the parasitoid fly Ormia 
ochracea, some devices were invented as mimic 
products of the acoustic organ of the parasitoid fly 
Ormia ochracea [8~19].  
In this paper, the mechanisms of the parasitoid fly 
Ormia ochracea for sound source localization are 
discussed. Based upon this, a mini instrument for 
sound source localization is designed to accomplish 
the purpose of localizing the sound source by a 
relatively compact structure. Analysis of the dynamic 
behavior of this instrument shows that incident 
angles of the sound have special relationship to the 
responses of this instrument, and the incident angles 
can be estimated by detecting the vibrations of it.  
 
 
2   Mechanisms of Ormia Ochracea for 
Sound Source Localization 
The structure of the ears of the parasitoid fly Ormia 
ochracea and its simplified mechanical model is 
shown in Fig.1 [4]. 
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Fig.1 the structure of the hearing organ of the 

parasitoid fly Ormia ochracea and its mechanical 
model. (a) the prosternal anatomy of the parasitoid 
fly Ormia ochracea. (b) Mechanical modal of the 

hearing organs of the Ormia ochracea. 
 

Let x1 and x2 denote the displacement of two ends of 
the intertympanal bridge shown in Fig.1(b), p is the 
incident pressure at the pivot point, f1 and f2 the 
ipsilateral and contralateral forces added up to the 
two sides of the system by the incident sound 
stimulus, the transfer functions between the 
displacement x1 and x2 and the incident pressure at 
the pivot point can be expressed as: 
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From Eq.(1)(2), let Hx1x2 denotes the proportion of 
Hx1p and Hx2p, we may obtain Eq.(3): 
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After selecting the values of the parameters k, c, and 
s, and setting the frequency of incident sound 

pressure f=8kHz which means ω=50240 rad·s-1 
approximately,  the incident angle θ=45°, the 
relationship between the magnitude and phase angle 
of Hx1x2 and the parameters k3, c3 can be shown in 
Fig.2. 
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(b)

Fig.2 magnitude and phase angle of Hx1x2 relative to 
k3, c3. (a) magnitude of Hx1x2. (b) phase angle of Hx1x2. 

 
The general magnitudes of Hx1x2 are below 20 as the 
computing result, but there is still an extreme point 
which may be shown in Fig.2(a). If the point (k3, c3) 
is near the extreme point, for example, k3=4.67 N·m-1, 
c3=1.82×10-5 N·s·m-1, the magnitude of Hx1x2 will be 
considerably large, i.e. the great difference between 
the responses of the two ends of this model in 
Fig.3(a) in time domain. Fig.3(b) illustrates time 
domain response of ipsilateral and contralateral side 
when k3=5.18 N·m-1, c3=2.88×10-5 N·s·m-1. This point 
is apart from the extreme point, the amplitude of 
contralateral side response increased compared with 
Fig.3(a), but still lower than the ipsilateral side 
significantly. 
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Fig.3 time domain response of ipsilateral and 
contralateral side. (a) k3=4.67 N·m-1, c3=1.82×10-5 
N·s·m-1. (b) k3=5.18 N·m-1, c3=2.88×10-5 N·s·m-1 

 
After the parameters are given as above (it means the 
responses of the two ends of this model will be of 
great difference when the frequency of incident 
sound is 8kHz), the relationship between the 
magnitude of Hx1x2 and the incident angle under 
various incident frequencies can be shown in Fig.4. 
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(b)(a) 

Fig.4 magnitudes of Hx1x2 relative to incident angles 
under various incident frequencies form 2kHz to 
16kHz. (a) 2kHz to 8kHz. (b) 10kHz to 16kHz 

 
(b) As shown in Fig.4, two localization methods can be 

supposed as hypothesis to explain how the parasitoid 
fly localizes the sound source. 
The first one is “the relationship between the incident 
angle and the magnitude of Hx1x2 should be 
one-to-one correspondence, and the parasitoid fly 
Ormia ochracea used this mechanism of one-to-one 
correspondence to accomplish the localization of 
sound source” (for frequencies from 2kHz to 4kHz, 
or 12kHz to higher frequencies as shown in Fig.4). 
The second one is “the parasitoid fly can make use of 
the sensitivity of this system due to the high grade 
rate near the point (0,1) in Fig.4 to realize the purpose 
of finding the sound source when the incident 
frequency is near the sensitive Frequency ” 
(especially for the frequencies about 8kHz as shown 
in Fig.4). 
For the first localization approach, the selection of 
values of k3, c3 should make sure that Hx1x2 doesn’t 
have extreme points under the specified sound 
source’s frequency. 
Equation (3) can be simplified as: 
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This inequation instruction indicates an elliptic 
region. If the point (k3, c3) is located in this area, the 
mechanism of one-to-one correspondence will be 
unavailable, and vice visa. Numerical analysis shows 
that if the incident frequency is given (in Fig.5(a), it 
is 8kHz), the trace of this ellipse’s center (according 
to the various incident angle of the sound pressure) is 
a straight line as shown in Fig.5(b), and the 
unavailable region of the mechanism of one-to-one 
correspondence is the area between the two 
imaginary lines, which is the envelope region of the 
series of ellipses given by inequation (5). If the 
mechanism of one-to-one correspondence is desired, 
the value of (k3, c3) should be out of the unavailable 
region. 
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Fig.5 the trace of this ellipse’s center and the 
unavailable region, (1)30º,(2)45º,(3)60º. (a) 

magnitude of Hx1x2 when incident angles vary from 
30º to 60º. (b) unavailable region by contour map. 

 
For the second localization approach, the procedure 
to find the incident direction may consists of two 
separated steps. 
First, the fly determine the side of the incident sound 
stimulus to find whether the sound source is in the 

ipsilateral or contralateral side, then it may take 
advantage of the high sensitivity of Hx1x2 relative to 
the incident angle when this angle is about zero and 
under the specified frequencies (For example, 8kHz 
as shown in Fig.4) due to the high rate of grade. This 
kind of structure should have a steering hardware so 
that it can adjust itself in order to direct its normal 
direction to the sound source. 

As mimic bionics structure, the instrument 
designed for localization may select either one of the 
two approaches which are mentioned above. In this 
paper, the first approach is chosen 

 
 

3   structure and features of the sound 
source localization instrument  
In order to locate the sound source in three 
dimensional space, we will introduce an instrument 
in this section. The structure of the auditory sensation 
devices in this instrument is shown in Fig.6. 

(1) (a) 
(2) 

(3) 

 
Fig.6 structure of the auditory sensation device in the 

instrument of sound source localization 

 
Fig.7 geometrical relationship of the sound source 

localization 
 

 
The vibration equation of the structure of the auditory 
sensation devices described in Fig.8 may be 
simplified as: 

unavailable region 

(b) 

(1) 

(2) 
(3) 

spring 
rotation axis 

rigid bar 
Vibration 
diaphragms 
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The natural frequencies of this system can be shown 
as: 
The natural frequencies of this system can be shown 
as: 
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 Let the original point denote the pivot of the 

structure, and the points labeled 1, 2 and 3 represent 
the center of the three elastic diaphragms (the three 
round solid masses). The equation of the plane which 
normal to the direction of incident sound pressure is: 

sin cos sin sin cos 0x y zθ α θ α θ+ + =  
Suppose Hf1p(ω), Hf2p(ω) and Hf3p(ω) are the transfer 
functions between the forces at the three diaphragms 
and the incident pressure p at the pivot point, which 
can be given by: 
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The transfer functions Hx1p(ω), Hx2p(ω) and Hx3p(ω) 
between the displacements x1, x2 , x3 at 1, 2, 3 points 
and the pressure p at the pivot is 
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From Eq.(6)(7), we introduce the mechanism of 
one-to-one correspondence for sound source 
localization as follows: 

2 2

1 2

2 2

1 2

2 2

1 2

1

2

sin

sin

cos

D D

D D

D D

D

D

θ

α

α

= +

=
+

=
+

                             (8) 

Where: 
3 13 3 23

1
3 13 23 3

ln
3

k H k H AccD
k H AH kj dω

+ +
= ⋅

+ +

  

         

3 13 23 3
2

13 3 23 3

3 13 3 23

13 3 23 3

[ln
3

ln ]

k H AH kccD
j d AH k H k

k H k H A
AH k H k

ω
+ +

= ⋅ +
+ +

+ +
+ +      

This localization method is available when 
cc
4

f
d

≤  

 
 
4   Experiment 
According to the localization mechanism mentioned 
above，a sound source localization instrument used 
mechanically coupled diaphragms is designed as 
shown in Fig.8. 

 
Fig.8 the structure diagram of the sound source 

localization instrument 
 

To eliminate interference of the ambient noise, this 
localization instrument is placed in a polymethyl 
methacrylate case, and the front face of it is exposed 

auditory  
sensation device 

supporting seat 
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outside across the pore on the side board. The three 
laser sensor are used to detect the vibrations of the 
three diaphragms. The disposal of the localization 
instrument and the laser displacement sensor is 
illustrated as Fig.9, and the general structure of the 
test system is as Fig.10. 

 

 
Fig.9 disposal of the localization instrument and the 

laser displacement sensor. (a) the localization 
instrument on the side board. (b) the laser 

displacement sensors placed inside the polymethyl 
methacrylate case. 

 

 

 

(b)

 

 

 
Fig.10 (a)general structure of the test system. Blue 

arrows indicate the sound stimulus generated by the 

Localization 
instrument 

Polymethyl 
methacrylate case 

(a) 

(c)

(b) 

laser 
displacement 

sensor 
(d)

(e)

(a) 
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loudspeaker B&K 4224 and the signal generator 
8120. Red imaginal lines indicate the laser for test. 

Data of diaphragms vibration displacement are 
collected by data acquisition instrument DH5920 and 
sent to computer for analyzing. (b) data acquisition 
instrument DH5920. (c) signal generator 8120. (d) 

loudspeaker B&K 4224. (e) signal and power supply 
adapter. 

Fig.11 and Fig.12 illustrate the time domain response 
and spectrum of the three measure points 
displacements when the angle (θ, α)=(45º，270º).  
Making some alternation to the incident angle as (30º, 
87º), (30º, 84º), (30º, 81º), (30º, 78º), the vibrations of 
the three diaphragms can be obtained via the 
measurement system.  
The time domain response of the three vibration 
diaphragms and displacement spectrums can be 
shown in Fig.13~Fig.20, and the calculated values of 
incident angle can be obtained according to Eq.(8), as 
shown in Table.2, which could be compared with the 
actual values in Fig.21. 

 
Fig.11 time domain response of the three measure 
points when the incident angle (θ, α)= (45º，270º) 

 

 
Fig.12 displacement spectrums of the three measure 
points when the incident angle (θ, α)=(45º，270º) 

Parameters of this model are given by Table.1.  
 

Table.1 parameters of the mechanical model of the 
localization instrument 

parameters values 
m 4.81011×10-3kg 
c 2.2×10-6 Nsm-1 
k1 1.5218×104Nm-1 
k3 1.2012×103Nm-1 
c 340ms-2 
ω 740Hz 
d 0.050m 

 

 
Fig.13 time domain response of the three measure 
points when the incident angle (θ, α)= (30º，87º) 
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Fig.14 displacement spectrums of the three measure 

points when the incident angle (θ, α)=( 30º，87º) 

 
Fig.15 time domain response of the three measure 
points when the incident angle (θ, α)= (30º，84º) 

 

Fig.16 displacement spectrums of the three measure 
points when the incident angle (θ, α)=( 30º，84º) 

 
Fig.17 time domain response of the three measure 
points when the incident angle (θ, α)= (30º，81º) 

 
Fig.18 displacement spectrums of the three measure 

points when the incident angle (θ, α)=( 30º，81º) 
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Fig.19 time domain response of the three measure 
points when the incident angle (θ, α)= (30º，78º) 

 

 
Fig.20 time domain response of the three measure 
points when the incident angle (θ, α)= (30º，78º) 

Table.2 comparison of the actual value and 
calculated value of (θ, α) 

actual value calculated value maximal error 
(30º, 87º) (26.74º, 91.41º) 4.41º 
(30º, 84º) (27.63º, 85.52º) 2.37º 
(30º, 81º) (26.55º, 83.72º) 3.45º 
(30º, 78º) (24.74º, 80.83º) 5.26º 

 

 
Fig.21 comparison of the actual incident direction 

and calculated direction 
 

5   Conclusion 
The mechanisms of the parasitoid fly Ormia ochracea 
for sound source localization are discussed and two 
kinds of approaches for sound source localization are 
introduced in section.1 of this paper. Based upon this, 
a mini instrument for sound source localization is 
designed to accomplish the purpose of localizing the 
sound source by a relatively compact structure.  
The analysis of the dynamic behavior of this 
instrument shows that the incident angle of the sound 
has special relationship to the respond of this 
instrument, and the incident angle can be estimated 
by detecting the vibrations of it, these may owe to the 
localization approach of one-to-one correspondence 
of the incident angles (θ, α) and the values of (H12, 
H23, H31). 
The experimental results reveal that the localization 
instrument has certain accuracy and verified the 
localization mechanism finely. 
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