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1. Introduction 
Temperature distribution measurements are 

important in various fields1). Thus, many kinds of 
measurement methods have been proposed. Among 
these methods, we have researched acoustic 
computerzed tomography (A-CT) with times of 
flight (TOF) of acoustic waves for the temperature 
distribution measurement in concave-shaped sapce3).
This method is based on the inverse Radon 
transform which is an analytical reconstruction 
technique.

However, it has also been clarified that this 
method is complicated and errors occur since 
projection data along sound paths muffled by the 
wall are treated as hollow projection. To solve these 
problems, we employ maximum likelihood 
expectation maximization (ML-EM) algorithm3),
which is proposed to be used for A-CT in ref. 3. The 
ML-EM algorithm is one of the iterative 
reconstruction techniques originally proposed for 
positron emission tomography (PET)4). This 
algorithm has an advantage against the hollow 
projection. We partially modify the algorithm to 
more suit for the temperature distribution. This 
algorithm is considered to be suitable for the 
measurement in the concave-shaped space. 

2. Principles 
Figure 1 illustrates the principle of the A-CT. 

In this figure, 3×3 cells and 6 sound paths are as-
sumed. Solid lines show boundaries of the cells and 
dashed lines show the sound paths. Here, j denotes 
reciprocal of sound velocity in the jth cell (m/s), Dij
denotes the length of ith path in jth cell (m), and i
denotes the TOF of ith path (s) (i = 1, 2,..., 6, j = 1, 
2,..., 9). Here, in the PET and ref. 3, Dij correspond 
to the detection probability. In this paper, as men-
tioned above, Dij is defined as the length since 
TOFs are used. From these settings, the relationship 
between the reciprocal of sound velocity, length, 
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Fig. 1 Principle of the A-CT based on ML-EM 
where solid lines show boundaries of cells and 
dashed lines show sound paths. 

and TOF of ith path is described as 
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Using the relationship of eq. (1) in ML-EM algo-
rithm, j (s/m) is calculated by the following equa-
tion,
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where k denotes the iteration number. By the itera-
tion, the solutions converge from initial solutions 

0
j  ( 00

j ).By using the convergent solution j,
temperature in air Tj (°C) is obtained by the follow-
ing equation, 

1
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Here, in this research, two kinds of termina-
tion conditions condition are mounted. One is a 
maximum iteration count K. When k becomes larger 
than K, the iteration of eq. (2) is terminated. The 
other is a modification tolerance  (m/s). When a 
maximum modification variation between )1(k

j
and )(k

j , i.e. )()1(max k
j

k
j

 becomes smaller 
than , the iteration is terminated. 
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Fig. 3 Setting and reconstructed temperature distributions: (a) setting, (b) 10×10 cells, (c) 18×18 cells, (d) 
26×26 cells. 

3. Numerical simulations and discussion 
By numerical simulations, we confirm use-

fulness and adequacy of our method. Figure 2
shows setting and reconstructed temperature distri-
butions. In the upper figure of Fig. 2(a), the trans-
ducer arrangement is shown. The setting distribu-
tion is given by a Gaussian function whose peak 
temperature is 18 °C and base temperature is 15 °C. 
By changing center of the Gaussian function, 3 dis-
tributions are managed. Figures 3(b) – 3(c) show 
reconstructed distributions whose cell numbers are 
10×10, 18×18, and 26×26, respectively. Here, in the 
Figs. 3(c) and 3(d), cells where sound paths do not 
propagate exist because the cell size is small. These 
cells are shown in black cells. 

As shown this figure, the distributions are 
reconstructed. However, errors increase as the 
number of cells increase. This is attributable to the 
small number of sound paths in the cell. By the in-
crease of cells, cells where a small number of sound 
paths propagate considered to increase. From this 
reason, the solution is considered not to be well 
solved.

4. Conclusions 
We managed the A-CT based on ML-EM al-

gorithm with TOFs. By the numerical simulations, 
usefulness and adequacy of our method was con-
firmed. By our method, adequate reconstructed dis-
tributions were simply obtained. 
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