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ABSTRACT

Positron emission tomography (PET) uses a very small scintillator to achieve exellent spatial resolution.
Therefore, in this study, a PET system using a scintillator to 0.8 mm size was designed and the performance was
evaluated. Anihilation radiation was generated from the center of the field of view (FOV) to the outskirts at
intervals of 10 mm, and counted simultaneously. The image was reconstructed using the coincidence data, and the
spatial resolution was calculated by acquiring the full width at half maximum through the profile. The spatial
resolution at the center of the FOV was 1.02 mm, showing a very good result, and the spatial resolution
decreased as it was located at the outer edge. To evaluate the phantom image, the Derenzo phantom was
constructed to acquire the image, and the degree of classification between radiation sources was evaluated through
profile analysis. The result showed that the distance between the radiation sources was larger than the spatial
resolution of the radiation sources at each location, and it was confirmed that the radiation sources were
distinguished through this. When the PET system designed in this study is applied to PET for small animals, it
is considered that excellent performance can be secured through the characteristic of very good spatial resolution.
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Fig. 1. PET system designed through GATE. A system
was configured by arranging 40 detector modules in a
14 x 14 crystal array in a circle.

II. MATERIAL AND METHODS

1. PET A|2H

GATE A8 o] &5 Z3 0.8 mme YA H
AE A AFAE AHEste] PET Al &8HS A7
Sttt Fig. 12 AAS A28 BEHS UEhd
th ol A& 161 mme NEZE AYi lon,
0.8 mm x 0.8 mm x 10 mm Z7]E A Gadolinium
aluminium Gallium Garnet(GAGG) 413 J A2 14 x
14 W& 748 &7 ZE5s 4070 AHEste] 9
go g wjdst3itt. Table 17%0] A A PET Al
b Blal o] A 2=ge) ALk BT T
7,84070¢] A3 HAE g o, 14709 A=
7] Bog FA5HH

=

Table 1. Comparison of specifications of PET systems

Our system Inveon R4 Focus 120
Crystal
material GAGG LSO LSO LSO
Size (mm3) 0.8x0.8x10  1.5x1.5x10 2.1x2.1x10 1.5x1.5x10
Pitch (mm) 0.9 1.59 245 1.59
Array 14x14 20%20 8x8 12x12
No. of
detector blocks 40 64 92 9
Total No. of =5 ¢4 25,600 6,144 13,824
crystals
No. of rings 40 80 36 48
Ring diameter ¢y 161 150 150
(mm)
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Fig. 2. A position of the radiation point source to
evaluate the spatial resolution of the designed system.
Measurements were made by locating the radiation
source at intervals of 10 mm from the center to the
outside.
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Fig. 3. Derenzo phantom for phantom evaluation. The
diameter of the phantom is 34 mm, and it consists of
radiation sources with sizes of 2.5, 2, 1.5, 125, and 1 mm.

III. RESULT
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Fig. 4. Sinogram and reconstructed images of a
radiation point source located 10 mm apart from the
center of FOV.
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Fig. 5. Spatial resolution of the radiation point
sources located 10 mm apart from the center of the
FOV.
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Fig. 6. Sinogram and reconstruction images of the
Derenzo phantom.
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Fig. 7. Profiles of 1 mm sized radiation sources on
the Derenzo phantom.

Table 2. Spatial resolution and peak-to-peak gap of 1
mm sized radiation sources in the Derenzo phantom

Peak1 Peak2 Peak3 Peak4
Spatial
resolution 2.16 1.82 1.88 2.74
peak-to-peak 3.02 457 3.74
£23ap

IV. DISCUSSION
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