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ABSTRACT
Purpose: Positron emisson tomography (PET) is a crucial medical imaging scanner for the detection of cancer lesions. In order to 
maintain the improved image quality, it is crucial to apply detectors of superior performance. Therefore, the purpose of this study 
was to compare PET image quality using Monte Carlo simulation based on the detector materials of BGO, LSO, and LuAP. Materials 
and Methods: The Geant4 Application for Tomographic Emission (GATE) was used to design the PET detector. Scintillations with
BGO, LSO and LuAP were modelled, with a size of 3.95 × 5.3 mm2 (width × height) and 25.0 mm (thickness). The PET detector
consisted of 34 blocks per ring and a total of 4 rings. A line source of 1 MBq was modelled and acquired with a radius of 1 mm and 
length of 20 mm for 20 seconds. The acquired image was reconstructed maximum likelihood expectation maximization with 2
iteration and 10 subsets. The count comparison was carried out. Results and Discussion: The highest true, random, and scatter
counts were obtained from the BGO scintillation detector compared to LSO and LuAP. Conclusion: The BGO scintillation detector
material indicated excellent performance in terms of detection of gamma rays from emitted PET phantom.

Key words: GATE simulation, Positron emission tomography, scintillation detector, Nuclear medicine, Quantitative 
analysis

INTRODUCTION
The nuclear medicine imaging, in particular, positron emission tomography (PET), plays an important role in the medical field for providing 

functional information by using appropriate radioisotopes [1]. The fundamental principle of PET image acquisition is based on the detection of two 

opposing gamma rays of 511 keV using scintillation detectors. The coincidence circuit divides detected counts into three categories: true counts, 

scatter counts and random counts. Subsequently, the counts, which are referred to as a sinogram, were sorted according to distance and angle and 

sinogram is reconstrued by applying the various reconstruction algorithms [2]. To improve the PET image quality, research was conducted on the 

development of algorithms and software. Lee at al. reported that the contrast to noise ratio and coefficient of variation values were 1.08, and 1.10 

times higher than compared images when applying median modified Wiener filtering technique [3]. Furthermore, research for alternative detector 

material and hardware system, which is available for detection of accurate gamma rays and reduction of signal loss [4, 5]. Zhang et al. developed 

the 2 meter long total body PET system, and improved the limited axial field of view [5]. In particular, the density is crucial parameter when 

detecting the 511 keV gamma rays. Because high density material is consisted with high effective atomic number. Therefore, detector material 

considering the density and effective atomic number is determined for improvement of detection efficiency in PET signal. 
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The Geant4 Application for Tomographic Emission (GATE) simulation toolkit is widely used for performance evaluation of image quality in 

nuclear medicine [6-7]. The GATE simulation toolkit is optimized for simulation in nuclear physics, instruments of nulcear medicine. Based on 

the GATE simulation toolkit, Park et al. suggested the TlBr material is possible for alternative new detector material for gamma ray detection 

due to its excellent performance [8].  

Therefore, the purpose of this study was to compare the PET image quality obtained by BGO, LSO, and LuAP scintillation detector based 

on the GATE simulation.

MATERIALS AND METHODS
In this study, the PET simulation was modeled by GATE simulation toolkit. The Fig.1 illustrates the simplified schematic of PET simulation. 

The BGO, LuAP, and BGO scintillation detectors were designed with 3.95 × 5.3 × 25 mm3 (width × height × thickness). The number of 

crystals per block and ring were 144 and 34, respectively. Additionally, the axial filed of view was 200 mm and the bore size was 744 mm. The 

simulated images were obtained during 20 seconds with 1 MBq by simulating cylinder phantom with the 1 mm of diameter and 20 mm height. 

To reconstruct acquired gamma ray distribution as the sinogram, the maximum likelihood expectation maximization algorithm with 2 iteration 

and 10 subsets was used with 128 × 128 × 64 dimension and 3 × 3 × 3 mm3 of voxel size. 

RESULTS AND DISCUSSION
The Fig. 2 showed the acquired images according to axial, coronal, and sagittal views, respectively.

According to results, the true counts, scatter counts and random counts were 364334, 184661, and 6778 for BGO material; 307641, 156708, 

and 6009 counts for LSO material, and 329985, 166871; 6324 counts for LuAP material, respectively. When comparing with BGO events due 

to highest total event in this study, the true count for BGO material was 1.1 and 1.2 times than LuAP and LSO materials, and scatter counts 

were higher 1.1 and 1.2 times than LuAP and LSO materials, and random count was higher 1.1 times than LuAP and LSO materials. Based on 

the event results, the BGO material was the best performance in terms of count rate due to high stopping power among conditions. 

Fig. 1. The PET detector and phantom simulation model were designed using the GATE simulation toolkit. 
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In the future study, we are planning to calculate noise equivalent count rate, which is representative performance parameter for evaluation of 

image quality and scanner condition, based on the acquired results in this study. 

CONCULSION
We simulated the PET scanner and phantom using the GATE simulation toolkit, which is one of the Monte Carlo simulation models. In 

addition, acquired PET images according to various detector materials based on the sinogram data with MLEM reconstruction algorithm were 

analyzed by count event rates such as true, scatter, and random counts. Consequently, BGO material was excellent performance in terms of 

count detection of 511 keV gamma rays. 

Fig. 2. The axial (a) and coronal (b) images based on the MLEM reconstruction algorithm were acquired.

Fig. 3. The result bar graphs with (a) true count, (b) scatter count and (c) random count were indicated according to 
various PET scintillation detector materials. 
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