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1. Introduction 
Temperature measurements using acoustic 

waves are used in various fields1. Among these 
methods, we have proposed the acoustic 
computerized tomography (A-CT) with flexibly 
arranged transducers2, since we aim at the efficient 
measurement in air in greenhouses, office rooms, 
etc. However, to measure the distributions in such 
spaces, it is unrealistic to use a large number of the 
transducers. In addition, shapes of the spaces are 
not simple. From these reasons, to use information 
from a small number of transducers effectively, the 
arrangement should be carefully considered. 

In this paper, we study about the optimal 
transducer arrangement and the reconstruction 
technique. We try to optimize the arrangement by 
real-coded genetic algorithm3 (RCGA), and study a 
new A-CT with twice interpolation. 

 
2. Principles 
2.1 Principle of real-coded genetic algorithm 

The RCGA expresses the individual as real 
number vector. Here, the length of the vector is the 
number of the transducers. In this paper, blend 
crossover (BLX-�) is adopted. For the fitness, the 
number of the data points (FM) and variability of the 
data points in r-� space are considered. In this paper, 
the variability is the average of the distances be-
tween nearest neighbor data points (FL). Thus, the 
fitness (F) is calculated by the following equations, 
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Here, M is the number of the data points; N is the 
number of the transducers; ri and �i are values at 
both of r and � coordinates of each data point 
mapped on r-θ space. To maximize the fitness, the 
arrangement of the transducers is optimized. 
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2.2 Principle of A-CT with twice interpolation 
In addition to the optimization of the ar-

rangement, a new A-CT with twice interpolation is 
considered. This method is based on the A-CT for 
visualizing the eroded area of a wooden pole pro-
posed by Tomikawa et al4. Figure 1 illustrates the 
basic concept of the A-CT. In this figure, one 
transducer is used as a transmitter at this moment. 
Interpolating the projection data along original 
sound paths at fan-beam angle, projection data at 
equal angular intervals can be obtained. At other 
transducers, interpolation is done by the same way. 
Here, cubic spline interpolation is adopted. From 
these interpolations, projection data sets at equal 
angular intervals can be obtained by ordinary A-CT 
which interpolates the projection data in r direction. 

 
3. Numerical Simulations 

Figure 2 illustrates the arrangement of the 
transducers. The transducers are arranged by con-
sidering equal intervals along each side in Fig. 2(a). 
Figure 2(b) is one of the optimized arrangements. 
The number of the transducers is 17, and population 
size in RCGA is 40. The maximum generation 
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Fig. 1 Principle of A-CT with twice interpolation. 
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Fig.2 Arrangements of the transducers: (a) equal 
intervals in each side, (b) optimized arrangement. 
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Fig. 3 Mapped data points in r-� space: (a) and (b) 
are those of Fig.2, respectively. 
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Fig. 4 Setting and reconstructed temperature distributions: (a) setting distribution; (b) reconstructed by A-CT 
with two-dimensional interpolation and the arrangement of Fig. 2(a); (c) reconstructed by A-CT with 
two-dimensional interpolation and the arrangement of Fig. 2(b); (d) reconstructed by A-CT with twice inter-
polation and the arrangement of Fig. 2(b). 
 
Table I Peak value, its location and RMS error of the distributions: (a) – (d) are those of Fig.4, respectively. 
 (a) (b) (c) (d) 

Peak value (°C) 18 17.80 17.78 17.19 
Peak’s location (m) (0.3, 1.3) (0.3, 1.3) (0.3, 1.3) (0.4, 1.1) 

RMS error (°C) — 0.0372 0.0340 0.1416 
 
number is 10000, and the mutation rate is 0.05. The 
crossover is BLX-0.5. The transducers along the arc 
are located at equal intervals. However, the trans-
ducers along the sides are not located at equal in-
tervals. These tend to locate near to the vicinity of 
the center of the sides. The fitness of Fig. 2(a) is 
0.9989. By the optimization, the fitness of Fig. 2(b) 
increases up to 1.0203. Figure 3 shows the mapped 
data points in r-� space. Here, (a) and (b) denote the 
same meanings as those of Fig. 2, respectively. As 
shown in Fig. 3(b), the variability decreases by the 
optimization. Figure 4 shows the setting and recon-
structed temperature distributions. Peak values, its 
locations, and RMS errors of the distributions are 
shown in Table I. By the optimization, RMS errors 
decrease. However, the A-CT with twice interpola-
tion does not show good results. By the twice in-
terpolation, interpolation error is considered to in-
crease compared to two-dimensional interpolation 
that we have previously proposed2. 
 
4. Conclusions 

We discussed about the transducer arrange-
ment and the A-CT with twice interpolation. By the 
transducer arrangement optimized by the RCGA, 
RMS error of the reconstructed distribution de-

creased. However, the A-CT with twice interpola-
tion did not show good results. The A-CT based on 
two-dimensional interpolation that we have pro-
posed gives better result than the method we try 
here. The twice interpolation was considered to 
cause more interpolation error. 

 
Acknowledgment 
This work has been supported by Grand-in-Aid for 
JSPS Fellows (No. 21·998) from the Japan Society 
for the Promotion of Science. 

References 
1. M. Takahashi and I. Ihara: Jpn. J. Appl. Phys. 47 

(2008) 3894. 
2. A. Minamide, K. Mizutani and N. Wakatsuki: Jpn. 

J. Appl. Phys. 48 (2009) 07GC02-1. 
3. L. J. Eshelman and J. D. Schaffer: Foundations of 

Genetic Algorithms 2 (1993) 187. 
4. Y. Tomikawa, Y. Iwase, K. Arita, and H. Yamada: 

IEEE Trans. Ultrason. Ferroelec. Freq. Cont., 33, 
(1986) 354. 

－ 52 －




