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Fig. 1 A power spectrum averaged over annuli in the
frequency domain for a projection image and an
approximation to it. AV: a magnitude of the high-
frequency, flat spectrum. fO: a start frequency for
an approximation. Af: a discrete interval of
frequency.
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Fig. 2 Shows the phantom, two line sources located in the ®™Tc solution with radioactivity
concentration of 37 kBg/m! (left). The simulated image of the phantom for NMSE

Filter based on
a power spectrum
1.5 f

-
o

o
)

Amplitude

0.0

(right).
Butterworth filter Wiener filter
1.5, 1.5
§1o §1n
H §
<0.5f <0.5
0.0——7F%s——3.5 00

Spatial Frequency (cycles/pixel)

0.25 . 0.25 0.5
Spatial Frequency (cycles/pixel)  Spatial Frequency (cycles/pixel)

Fig. 3 Plots the three filter responses (upper half). The “Butterworth” filter was designed with
a cut-off frequency of 0.15 cycles/pixel and an order of 8. The “Wiener” filter is
designed for an MTF of FWHM 3.5 pixels, with a signal-to-noise ratio constant of
0.15. Filter based on a power spectrum is designed with an MTF of FWHM 3.5 pixels.
The lower half of Fig. 3 shows the phantom images using each filter.
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a power spectrum
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Fig. 4 Partial profile curves of the phantom.

Table 1 Shows a comparison of the results using each
filter. CV: coefficient of variation. TLC: two
line sources contrast. Peak value of a partial
profile curve is A, valley value of a partial
profile curve is B, TLC=(A —B)/(A +B). PFR:
peak-to-flood ratio. NMSE: normalized mean-
squared error

Butterworth Wiener Rl i
filter filter on a power
spectrum
(6\% 0.19 0.49 0.25
TLC 0.14 0.36 0.19
PFR 12.1 16.2 18.7
NMSE 0.77 0.83 0.76
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Py a >

Fig. 5 *“™Tc-HMPAO brain SPECT images using each filter. The “Butterworth” filter is
designed with a cut-off frequency of 0.15 cycles/pixel and an order of 8. The “Wiener”
filter is designed for an MTF of FWHM 4.0 pixels and a signal-to-noise ratio of 0.124.

Filtering based on a power spectrum is designed with an MTF of FWHM 4.0 pixels.
Xy BEIFEDOMHE DD & X Z3kE LK Mz b s v, T4 b 5HE 047 mm

LI 4 A PTAO SPECT {HED Y, P L 2 #3iF A5 0.17 mm? O, 2.7 X2.7 mm O IZIL
DE—7EDOFI)TH L. BRI 1 pixel £ D Hh. TORDEPT EOREHEEE 23X1072
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Fig. 6 Frequency response of the filter based on the
power spectrum for the lower of Fig. 5.
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Summary

Restoration Filtering Based on Projection Power Spectrum for Single-Photon
Emission Computed Tomography

Naoki Kuso

Department of Radiological Technology, College of Medical Technology, Hokkaido University

To improve the quality of single-photon emission
computed tomographic (SPECT) images, a restoration
filter has been developed. This filter was designed
according to practical “least squares filter” theory. It
is necessary to know the object power spectrum and
the noise power spectrum. The power spectrum is esti-
mated from the power spectrum of a projection, when
the high-frequency power spectrum of a projection is
adequately approximated as a polynomial exponential
expression. A study of the restoration with the filter
based on a projection power spectrum was conducted,
and compared with that of the “Butterworth” filtering
method (cut-off frequency of 0.15 cycles/pixel), and

“Wiener” filtering (signal-to-noise power spectrum
ratio was a constant). Normalized mean-squared er-
rors (NMSE) of the phantom, two line sources located
in a *"Tc filled cylinder, were used. NMSE of the
“Butterworth” filter, “Wiener” filter, and filtering
based on a power spectrum were 0.77, 0.83, and 0.76
respectively. Clinically, brain SPECT images utiliz-
ing this new restoration filter improved the contrast.
Thus, this filter may be useful in diagnosis of SPECT
images.

Key words: SPECT, Restoration filter, Wiener
filter, Butterworth filter, Power spectrum.
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