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Study on Decoding of Multiple Pinhole Coded Aperture Radioisotope
Tomographic Images and Image Processing
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This research is concerned with Multiple pinhole Coded Aperture (MPCA) and radioisotope tomo-
graphic imaging. In the process of radioisotope tomographic imaging, RCT, Time modulate, MPCA
and other methods are used. In comparison with the other available methods, MPCA imaging is a
relatively simple procedure. In contrast with the other methods, the MPCA method requires relatively
simple apparatus, does not require rotation or sliding of either the detector or the patient andl can utilize
the cornmonly used Gamma-camera without any further modification. An additional advantage of the
MPCA method is the fact that it is possible to obtain a tomographic image of any desired depth from
a single exposure, using optical or mini-computer reconstruction method. However, the MPCA method
has several weak points 1) Due to the rounding-off processing, the tomographic image contains point
omission and shifting of point coordinates. 2) Due to the form of pinhole arrangement the central portion
of the decoded image is a high count area. 3) Due to overlapping of the projection images obtained from
the respective pinholes, the shadowgram contains side lobe noise which greatly reduces image quality.
Due to the above described problems, clinical use of the MPCA method is limited to use of the 7-pinhole
Collimator in imaging of small organs (especially the heart). Until now, it has not been possible to
utilize the MPCA method for imaging of large organs. This research presents an experimental
analysis, in an attempt to overcome these problems: A) A reconstruction algorithm for large organ
imaging using the MPCA method was developed. B) Correction software for the reconstruction image
was designed. C) Digital filter processing software was also designed. Using these measures, it is
possible to obtain clinically useful tomographic images of all large organs which exhibit radioisotope
uptake.
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§ : Lateral spatial resolution,

A : Depth resolution.

D : Maximum distance between
the furthest spaced pinholes.

d : Diameter of the pinhole.

S1 and Sz : Shown in this figure.

Fig. 1 The theoretical equations for spatial reso-
lution and depth resolution using the MPCA
method. The Gamma-rays emitted from the
object from a shadowgram on the detector sur-
face. By changing $1, it is possible to reconstruct
a tomographic image of any desired depth from
the shadowgram.
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Photo 1 A Gamma-camera equipped with a
mount. The central portion of the mount contains
the MPCA mask. It is possible to interchange
MPCA masks.

FTaZ &t XFENETE N HEFFE
B oA T, BHCHBEIE LR 599, KB
%8 Tk Anger Type Gamma Camera (GCA-401:
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Unit(Model-5500 : CONRAC) % {# /8 L, Pho, to-
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Fig. 2 The method in which the coordinates of the
pinholes on the MPCA mask are determined.
Gamma-rays emitted from the plane source pass
through the MPCA mask. The mask is placed so
that the rays passing through the pinholes are
projected perpendicularly to the detector surface.
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Object : 99m-Tc Plan Source

Detector-MPCA Distance : 10cm

Fig. 3 The reconstructed image of a plane source,
using the simple calculation method. Count shift-
ing and omission can be observed.
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Fig. 4 The reconstructed image of a plane source,
using the new calculation method. Count shifting
omission have been eliminated. The object is the
same plane that was used in Fig-3.
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(Tomog raphy )
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Object: 99m- Tc Plane Source
Detector- MPCA Distance:10cm

Fig. 5 (a) The image of a plane source, obtained by using a parallel collimator.
(b) The tomographic image of a plane source, obtained by using the MPCA
method. In the central portion of the image, high counts can be seen.

(c) The correction coefficient for the high counts in the central portion. It is
necessary to calculate a correction coefficient for each tomographic depth.
(d) By multiplication of the reconstructed tomographic image (of a plane source)
by the correction coefficient, a corrected plane source image is obtained. As in
the image obtained by using the parallel collimator, the corrected MPCA

method image does not exhibit high counts in the central portion.
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Fig. 6 The method of eliminating side lobe noise. Using the new reconstruction
method, there is no overlapping if the projection images on the shadowgram.

Therefore, side lobe noise does not appear in the reconstructed tomographic
image.
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Fig. 7 Results of the st and 2nd approximations, using the Iterative Approxima-
tion Method and a phantom object.
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Fig. 8 The method of obtaining the filter function and the result of using filter
processing of a phantom image. The higher the cut-off frequency of the filter,
the greater the enhancement of the high frequency region.
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AT 0 © Fig. 10 The spatial resolution obtained using the
0o 2 4 & 8 10 12 14 16 MPCA method is displayed. The y-axis indicates
Pinhole Number the spatial resolution. This x-axis indicates the
Fig. 9 The detection efficiency of MPCA method distance between the MPCA mask and the tomo-
is displayed. The Y-axis indicates the counts. The graphic plane. When the tomographic plane is
X-axis shows the number of holes in the MPCA close to the MPCA mask, the quality of the
mask. It can be seen that detection efficiency is spatial resolution is decreased, due to the effect

directly proportional to the number of pinholes. of the pinhole taper angle.
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Fig. 11 The depth resolution obtained using the
MPCA method is shown. As the distance between
the MPCA mask and the tomographic plane in-
creases, the quality of the depth resolution is
decreased, but the obtained value grow increasely
closer to the theoretical values. When the tomo-
graphic plane is close to the MPCA mask, the
obtained values for the depth resolution are infe-
rior to the theoretical values, due to the effect of
the pinhole taper angle.
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Fig. 12 Above: 201-T1 myocardial scintillation
images, obtained using a parallel collimator,
Below : Apex to posterior wall 45-LAO projec-
tion tomographic myocardial images, obtained
using the MPCA method.
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Fig. 13 Brain images of a primary stomach can-
cer patient with brain metastases, obtained using
CT imaging, a parallel collimator imaging and
MPCA method tomographic imaging.
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Fig. 14 Tomographic images of a large organ, the liver, obtained using MPCA
method tomographic imaging. It is possible to confirm the size of the defect
area by compareing it with that observed in the corresponding CT images.
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