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Fig. 1 Scheme of the reconstruction domain and pro-
jection data. The j-th pixel has a value of x;.
The i-th projection has a measured value of yi
and an estimated value of z;. The a1y denotes
the probability that an event emitted from
pixel j is assigned to projection i.
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True image

24 % 6 5 (1987)

CONVO

Fig. 2 The mathematical phantom used in the simulation (A) and its image (B). The
values without parentheses are diameters or distances in terms of pixel number
and the values in parentheses are relative emission densities. CONVO shows the
reconstructed image using the convolution method (C).
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EM ASIRT GRADY

n=100

Fig. 3 Reconstructed images using EM method (A1, A2, A3), ASIRT method (BI, B2,
B3), and GRADY method (C1, C2, C3). The top, middle, and bottom images
have iteration numbers of n=4, 20, and 100, respectively.

ISRA MSIRT CONGR

n=100

Fig. 4 Reconstructed images using ISRA method (D1, D2, D3), MSIRT method (El,
E2, E3), and CONGR method (F1, F2, F3). The top. middle, and bottom images
have iteration numbers of n=4, 20, and 100, respectively.
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Fig. 5 Plots of the mean absolute error m(x;™) as

a function of the iteration number n. The mean

absolute error of the reconstructed image using

the convolution method is marked by x.
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Fig. 6 Plots of the square norm of the residual,
N2(x;™) as a function of the iteration number
n. The N2(x)®) value of the reconstructed
image using convolution method is marked
by x.
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Fig. 7 Plots of the log-likelihood 1(x;®™) as a function
of the iteration number n. The log-likelihood
of the reconstructed image using the convolu-
tion method is marked by x.
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Fig. 8 Plots of the root mean square of (Ej—1),
R(x;™) as a function of the iteration number n.
The R(x;®) value of the reconstructed image
using the convolution method is marked by x.
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Table 1 Comparison of the iteration numbers for
various iterative reconstruction methods with
which the values of m(x)), N2(xy), 1(x;) and
R(x;) are equivalent to the corresponding
values of the reconstructed image with the
convolution method, respectively

Iteration number equivalent to CONVO
Method

n(m) n(N?) n(l) n(R)
CONGR 8 7 6 7
GRADY 25 21 20 20
EM 31 35 19 18
ASIRT 46 48 35 39
MSIRT 62 57 >100 39
ISRA 82 86 >100 66
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Summary

A Comparison of Several Iterative Reconstruction Methods for ECT

Hideo MURAYAMA, Eiichi TANAKA, Norimasa NOHARA,
Takehiro ToMITANI and Mikio YAMAMOTO

Division of Physics, National Institute of Radiological Scienses, Chiba

Six iterative reconstruction methods appropriate
for emission computed tomography were com-
pared in regard to their algorithms. It was shown
that the Expectation Maximization algorithm (EM)
method is classified in an algorithmic type similar
to the Additive Simultaneous Iterative Reconstruc-
tion Technique (ASIRT) method and the Gradient
(GRADY) method, and that the Image Space
Reconstruction Algorithm (ISRA) method has a
simplified algorithm of the Multiplicative Simul-
taneous Iterative Reconstruction Technique
(MSIRT) method.

The performances of the six methods were in-
vestigated by computer simulation generating their
iterative reconstruction images of a mathematical
phantom. Four fitness functions were introduced
to analyze the convergence of the iterative recon-
struction methods quantitatively. Each fitness func-

tion is a measure of the difference between the
reconstruction image and the mathematical phan-
tom, or a measure of the rate of covergence. The
EM method achieved faster convergence than the
ASIRT method, while the ISRA method gave
slower convergence than the MSIRT method. Of
the six methods, the fastest convergence was ob-
tained using the Conjugate Gradient (CONGR)
method, and the slowest was the ISRA method.

The characteristics of each fitness function were
also analyzed by its behavior as a function of itera-
tion number for the first 100 iterations of the six
methods. These results suggest that the selection
of the fitness function for a measure of the conver-
gence is important to use any iterative reconstruc-
tion methods.

Key words: ECT, Image reconstruction, Itera-
tive method, EM algorithm, Computer simulation.
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