
3. Result and discussion 

3.1 Experimental result  
Fig.3 shows the experimental result. The 

result shows the vibration velocity distribution after 
750 μs as an example. As the result, it is difficult to 
confirm the propagation of the guide wave in a 
specific mode from this result because several guide 
waves are observed to propagate in an overlapping 
manner. It is considered that this is due to the fact 
that the sound speed of the guide wave propagating 
through the healthy area differs from the sound 
speed of the guide wave propagating through the 
defect area.  

We attempted this measurement result is 
processed by two-dimensional FFT to extract each 
the guide wave. 
3.2 Experimental result (2D FFT)  

Fig. 4 and 5 shows the measurement result of 
two-dimensional FFT processing.  

As the results, it can be confirmed that the 
guide wave with fast sound speed propagates over 
the measurement area (in Fig.5). Therefore, this 
guide wave is considered to be a plate wave which 
is a guide wave propagates through the flat plate. 

On the other hand, it can be confirmed that 
the guide wave with slow sound speed propagates 
while separating at defect area and defect free area. 
That is, this guide wave is estimated a plate wave 
propagates through a defect area which is a thin 
plate. In addition, Table I shows the measurement 
results of sound velocity. As the result, it almost 
agrees with the theoretical value of A0 mode of 
Lamb wave. 

Moreover, the guide wave of the defect area 
propagated with a larger amplitude value as 
compared with the defect free area. 

Above the results, it is possible to image the 
defect by detecting the guide wave propagating 
through the defect area. 

 
4. Conclusion 

We investigate a method of defect imaging by 
guide waves generated in flat plates using by the 
high intensity aerial ultrasonic waves and optical 
equipment. 

As the result, it is confirmed that defects can 
be imaged by observing of the generated guided 
wave. 
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Fig. 3 Vibration velocity distribution on sample 
surface. 
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Fig. 4 Vibration velocity distribution on sample 
surface by two-dimensional FFT processing 

(sound speed is high). 
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Fig. 4 Vibration velocity distribution on sample 
surface by two-dimensional FFT processing 

(sound speed is low). 
 

Table I Sound speed of guided wave 
 

Experiment value [m/s] theoretical value [m/s] 
542 590 
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1. Introduction 

Acoustical imaging is efficient for 
nondestructively detecting underground objects such 
as pipelines and buried relics. We have proposed an 
ultrasonic underground imaging method using an 
electromagnetic-induction (EMI) type sound source 
and an amplitude correlation synthesis processing 
(ACSP) method1,2). By using the EMI type sound 
source, an impulsive ultrasonic with higher energy is 
emitted in underground, and, the ACSP method 
derives an imaging with a higher SNR. 

Moreover, the array arrangements have been 
studied for the higher resolution imaging3,4). We have 
discussed two types of array arrangement: a cross-
type arrangement and a circular-type arrangement. 
The cross-type receivers are arranged as two cross 
lines and the circular-type receivers are arranged in 
a circle. The imaging result using the circular-type 
arrangement reduced false images comparing with 
that using the cross-type arrangement. 

On the other hand, Because of uncertain 
underground circumstances such as medium and 
moisture content, a sound speed for the imaging is 
uncertain. For higher accuracy imaging, sound speed 
estimation is expected. 

Here, we propose sound speed estimation for 
underground imaging by comparing the maximum 
imaging value. If we use the correct sound speed, 
time delay processing correctly agrees with surveyed 
point, and the imaging result will have a higher value 
than that using an incorrect sound speed. 

This paper discusses the effectiveness of array 
arrangement on sound estimation for underground 
imaging by simulation. 
 
2. Imaging Method 
2.1. Array Arrangement 

The cross-type and the circular-type 
arrangements are shown in Figs. 1 and 2. The EMI 
type sound source and 12 receivers Rij (i = 1, 2, 3, 4; 
j = 1, 2, 3) are arranged on the x-y plane, and z-axis 
denotes the depth direction of underground.  

 

2.2. Amplitude Correlation Synthesis Processing 
method 

The imaging value HP of a surveyed point P(x, 
y, z) is calculated from the amplitudes of the signals 
obtained by each receivers. The amplitude APij is 
calculated from the received signal Sij(t) as follows:       ,																			1 

where lP0, lPij, and c are a range from sound source to 
P(x, y, z), a range from P(x, y, z) to the Rij, and sound 
speed, respectively. 

The imaging value Hp is calculated from APij 
as follows: 

    , , , ,,,,,  . 2 

Here, ∙ is conditional multiplication function 
as follows: , , , 																																									 

 sgn ∙  ∙  ∙  ∙ 																					all	polarities	are	same0,			others																																													 		 . 3 
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Fig. 1 Cross-type arrangement. 
 

 
 

Fig. 2 Circular-type arrangement 
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3. Sound Speed Estimation Method  
The sound speed is estimated from the 

maximum of the imaging value. The correct sound 
speed derives the higher imaging value when the 
object is located on the surveyed point. The 
estimated sound speed ̂ is shown as follows: ̂  arg max ,																											4 
where Hp (c) is the imaging value corresponding to 
the sound speed.  

 
4. Simulation Condition 
4.1. Transmitting Signal and Received Signal 

The transmitting signal is assumed to be 
launched by the EMI sound source. The transmitting 
impulsive signal S0(t) is assumed as follows:   exp−2 ∙ sin2.										5 
Here, fa and fm are a main driving frequency (400 
[Hz]) and a received signal frequency (300 [Hz]), 
respectively. 

The received signal Sij(t) is calculated by 
simulation arrangement as follows:   1     −    .			6 

Here, lM0, lMij, and c0 are a range from sound source 
to the object, a range from the object to the receivers, 
and a simulated sound speed (190 [m/s]), 
respectively. 

 
4.2. Simulation Arrangement 

The cross-type arrangement locates the 
receivers with x = -1.2, -0.8, -0.4, 0.4, 0.8, 1.2 [m] on 
x-axis and y =-1.2, -0.8, -0.4, 0.4, 0.8, 1.2 [m] on y-
axis. The circular-type arrangement locates the 
receivers with 0.8 [m] diameter. The object is placed 
at a location (0.6, 0.0, 1.2). 

 
5. Results and discussion 

The examples of the calculated image are 
shown in Fig. 3. The images calculated from the 
correct sound speed show the object with the correct 
location (shown as ×). 

The sound speed estimation is shown in Fig. 4. 
The sound speed estimation with the cross-type 
arrangement shows the highest imaging value when 
the correct sound speed is employed. When the 
incorrect sound speed is employed for imaging 
calculation, the imaging value is lower because of 
the phase aberration on time delay processing. 

However, the sound speed estimation with the 
circular-type arrangement shows almost identical 
imaging values even if the incorrect sound speed is 
employed. We suppose that the main reason is a 
depth of focus. When the array arrangement has the 
deep focus depth, a distinct focus is obtained even if 
the incorrect sound speed is employed, and the image 

shows the object at an incorrect position with high 
imaging value. 

 
6. Conclusions 

We proposed the sound speed estimation for 
underground imaging, and discussed the 
effectiveness of array arrangement on sound 
estimation by simulation. 

By using the cross-type arrangement, the 
correct sound speed estimation can be expected. 
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(a)                  (b) 
 
 
 
 
 
 
 
 
 

(c)                  (d) 
Fig. 3 Examples of calculated image: (a) cross-
type c = 190 [m/s], (b) cross-type c = 230 [m/s], 
(c) circular-type c = 190 [m/s], and (d) circular-
type c = 230 [m/s]. 

 

 
Fig. 4 Sound Speed estimation 
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