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Object ~

Projection

Fig. 1 Scheme of the reconstruction domain, the pro-
jection Pg(x) and the reconstruction origin Or
in a fixed coordinate system (X, Y) and a
rotated coordinate system (X, y). The projec-
tion Ps(x) must be corrected by the weighting
function u(x) prior to back projection.
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Fig. 2 Various weighting function u(x) (A1, A2, A3), the reconstructed images including
statistical noise (B1, B2, B3), and the corresponding statistical noise images (Cl1,
C2, C3). Total number of counts is 1 x 108. The phantom is a uniform circular disc
of 30 cm in diameter with the attenuation coefficient of 0.15 cm~1. The image B4 is
a reconstructed image of the same phantom without statistical noise.
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30cm? (p=0.15¢cm")
cold spot: 10 cm?

RPC method

1x106counts

Fig. 3 Various weighting function u(x) (Al, A2, A3), the reconstructed images including
statistical noise (B1, B2, B3), and the corresponding statistical noise images (Cl,
C2, C3). Total number of counts is 1x 108. The phantom is a uniform circular
disc of 30 cm in diameter with a cold area of 10 cm in diameter. The attenuation
coefficient is 0.15 cm~1. The image B4 is a reconstructed image of the same

phantom without statistical noise.
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GAMMA CAMERA

C1
(Ry=00)

Fig. 4 Schematic drawing of a single photon emission
computed tomograph composed of four gamma
cameras with four collimators each of which
has different focal distance.
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Fig. 5 Geometry of fan beam collimator Ci and its
weighting function u(x) of projection.
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WEIGHTING FUNCTION : U(x)
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Fig. 6 Weighting function of projection for the
SPECT system with four gamma cameras.
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23 % 10 5 (1986)

1x106counts

Fig. 7 The reconstructed images including statistical noise (A, B) and the corresponding
statistical noise images (C, D). The total number of counts is 1x 108, Each phan-
tom of A and B is the same as in Fig. 2 and Fig. 3, respectively.
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Summary

Improvement on Image Quality of Single Photon ECT
with Converging Collimator System

Hideo MURAYAMA, Norimasa NOHARA and Eiichi TANAKA

Division of Physics, National Institute of Radiological Sciences, Chiba

Single photon emission computed tomography
(SPECT) with converging collimator system was
proposed to improve quality of reconstructed
images. The collimator system was designed to
enhance sensitivity at the center region of field-
of-view, where the probability photons escape
the attenuating medium is smaller than at the
off-center region.

In order to evaluate efficiency of the improve-
ment on image quality, the weighting function of
projection, which is defined as relative sensitivity
to the average on the lateral sampling of projec-
tion, was adopted to the image reconstruction
algorithm of Radial Post Correction method.
Statistical mean square noise in a reconstructed
image was formulated in this method. Simulation
studies using typical weighting function showed
that center-enhanced weighting function brings

effective improvement on image quality, especial-
ly, at the center region of cold area surrounded by
annularly distributed activity.

A new SPECT system was proposed as one
example of the converging collimator systems.
The system is composed of four gamma cameras
with four fan-beam collimators, which have differ-
ent focal distances one another. Simple simu-
lation studies showed that the proposed system
has reasonable center-enhanced weighting func-
tion, and the image quality based on the proposed
system was fairly improved as compared with one
based on uniform weighting function at the center
region of the field-of-view.

Key words: Single photon emission computed
tomography, Collimator, Weighting function,
Statistical noise, Computer simulation.
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