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Abstract: Single photon emission computed tomography, SPECT, has been proven reliable in imaging radiotracer distribution
inside an opaque system. Due to the limited number of detection tools available, an assessment and comparison are made for
different detection arrangement in developing an industrial SPECT system (iSPECT) which can be utilized for imaging in
industrial condition. In the present study, hexagonal, octagonal and nonagonal iSPECT arrangements were modelled and
simulated using MCNPX code. The detection system only used a maximum number of 36 lead collimated sodium iodide, Nal
scintillation detector. The reconstructed images for single point-source and two point-source are evaluated and compared for
all three systems. The result shows of the three iISPECT arrangement, the nonagonal system has the best image resolution and
ability to detect the single and two point-source position inside the region of interest.
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by experimental and modelling and simulations [2-4].

1. INTRODUCTION More recent works were done by Park et al. [5], where they

Single photon emission tomography system, SPECT, has made an industrial SPECT system with a 12-gonal
been used extensively in the medical application as a tool diverging collimator and compared it with 24-gonal and
for diagnosing functionality of the human internal organ. hexagonal SPECT system. The results show that the 12-
Thus, the development of the medical SPECT system has gonal system offered the best performance, providing a
been very advance. Recently the demand for using SPECT detection-efficiency map without edge artefacts, the best
in the industry has been growing due to the fact that image resolution, and reconstruction images that correctly
SPECT system can image the distribution of radiotracer in furnish multi-source information. This shows that different
an opaque system. This imaging system will benefit the interest of problems requires different setup of industrial
industry in visualizing the flow regime, flow distribution SPECT system, where several different numbers of
and dead zone in a flow process. However, the lack of detectors and different arrangement of the detector arrays
application of SPECT in industrial is due to the should be considered.
dependence on the environmental condition of industrial The works in the present study involve modelling and
problems where the different interest of problems needs simulation of three arrangement of industrial SPECT
different setup for the SPECT system. Thus, this study is system, iSPECT, which are hexagonal, octagonal and
aimed to simulate an industrial SPECT system, iSPECT, nonagonal system. For the purpose of developing the
for imaging laminar flow in a pipeline using MCNPX iSPECT hardware in future, this simulation study is limited
code. to use only a maximum number of 36 Sodium Iodide, Nal
Several studies were made to demonstrate the possibility scintillation detectors. The simulation will assess the single
of using the SPECT system to be used in industrial point-source positional mapping accuracy on the
problems. Legoupil et al. [1] did the earliest of such work, reconstructed image inside a 20 cm region of interest.
where an experimental SPECT system was developed for Cesium, Cs-137 gamma-ray source with the energy of 622
dynamic fluid flow analysis. The results were promising keV is used in this study to simulate the point-source. This
where the 2D image of the radiotracer distribution study also presents the reconstructed images of two point-
successfully constructed. Several works in the source mappings simultaneously and compares the
development of different types of industrial SPECT system reconstructed images of the three iSPECT system
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arrangement.

2. METHODOLOGY

2.1 Modelling the iSPECT system

In this study, the iSPECT system is modelled and
simulated using the Monte Carlo N-Particle eXtended,
MCNPX code [6]. The MCNPX code is a general-
purpose Monte Carlo radiation transport code with three-
dimensional geometry and continuous- energy transport
of particles and light ions. The code is used for modelling
the iISPECT detectors and detection process of the gamma-
ray from radiotracer. In this study, the number of detectors
used is limited to a maximum of 36 Nal scintillation
detectors. Thus, the available simulations for the iSPECT
system for three different arrangement are hexagonal - six
arrays of six detectors (6x6), octagonal - eight arrays of
four detectors (8x4), and nonagonal - nine arrays of four
detectors (9x4). Figure 1 shows the model of iSPECT
made using McPlot from the MCNPX package.

-
-
e
A3
~
-~
>~
-~
~

REREY]
(2)

Figure 1: Three different model of iSPECT system
used in this study; (a)hexagonal (6x6), (b)
octagonal (8x4) and (c) nonagonal (9x4).

2.2 Detector and Collimators

Each detector used in this study is a 1-inch Nal scintillation
detector, with each detector is collimated with a 3.5 cm
lead collimator and 0.5 cm collimator hole width. Figure 2
shows the model of a single Nal scintillation detector with
its lead collimator.

(a) (b)

Figure 2: (a) Single Nal scintillation model with (1)
is detector crystal and (ii) is the lead collimator and
(b) Four detectors arrange in an array for iSPECT
simulation.

In designing the collimator for the iSPECT system, the
general rule is to consider the profile obtained with a
source moving along the diameter of the region of interest
(ROI) that is parallel to the projection. The relevant
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parameter is the full-width at half maximum, FWHM of
the measurement profile of the moving source [7]. A good
condition for collimator design given in Equation 1

FWHM x No of detectors
1< ! <2 (1)

Diameter ROI

whare,

Col.hole width x Dis.detector to column ctr
Col.hole depth

FWHM =

2)

In the present study, the collimator used for all three
systems should be in a good range for scanning area in the
range present in Table 1. Thus, the simulation of the
iSPECT system will consider the scanned region or region
of interest with 20 cm diameter, which is in a good
condition range for all three arrangements.

Table 1. Condition for a range of ROI from the collimator

iSPECT system | ROI range (cm)
Hexagonal 20-41
Octagonal 11-23
Nonagonal 12 - 25

2.3 Image Reconstruction and Point-source
Simulation

Due to the limited number of detectors in an array, the
iterative reconstruction method is selected for producing a
high-resolution image in the present study. There are
several iterative algorithms for reconstructing the iSPECT
image. In this study, the Maximum Likelihood —
Expectation Maximization (ML-EM) [8,9] method was
used for reconstructing the iSPECT image. The iterative
equation of the ML-EM method is denoted in Equation 3.

(n)
(m+1) _ %
Zil hi’j

y Yihij = L @ (3)

hikyk

The unknown image of radiotracer distribution y is
determined by the iSPECT detector count g and the system
matrix h, which is the probability distribution that photons
emitted from the jth pixel registered in the ith detector. The
ML-EM algorithm has several advantages over other
algorithms, as mention by Park et al. [5]. First, the gamma-
ray emission and detection are based on Poisson
distribution, which is the same for the ML-EM algorithm.
Subsequently, the reconstruction process of the ML-EM
algorithm gives better diagnostic performance over the
conventional filtered back-projection FBP method.
Finally, the error and updates are multiplicative; thus, ML-
EM automatically imposes a nonnegativity constraint and
allows for selected pixels to be preset to zero.

For each of the three arrangements, the pixel interval is
set as 0.5 cm for 20 cm diameter of a circular region of
interest, ROL. Thus, a total of 1245 points source response
needed to be calculated, as shown in Figure 3(a). This
point-source response is the input for the system matrix, 4,
in the ML-EM algorithm used for calculating the
reconstructed image of radiotracer distribution y.
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Figure 3: (a) 1245-point-source response generated
inside ROI and (b) Different static point-source
placement for positional accuracy detection.

For all three iSPECT arrangement, detection of
positional accuracy of at static Cesium Cs-137, point-
source is made by reconstructing the image for the source
at the centre of ROI, 5 cm along the radius and 10 cm,
which is at the edge of the ROI (grey circle in Figure 3b).
Next, to determine the system’s ability to differentiate two
separated point-source, two equal strength sources are
placed at 5 cm left and right of the origin. All of the image
reconstruction processes were carried out using ML-EM
software developed via LabVIEW. The calculation time
for all of the reconstructed image was below 1s for each
image.

3. RESULT AND DISCUSSION

3.1 Point-source Simulation

Figure 4 shows nine reconstructed images results from
three different arrangements of the iSPECT system and
three different placements of static point-source. The three
rows of horizontal images represent the different
arrangement of the iISPECT system with (a) hexagonal, (b)
octagonal and (c) nonagonal structure. Meanwhile, the
three vertical images represent different placement of
point-source where (i) point-source at the origin, (ii) point-
source at 5 cm from the origin and finally (iii) point-source
at 10 cm from the origin, also represent source at the edge
of the ROIL. The green circle is the reference for the
circumference of the ROI with a radius of 10 cm. The
brighter pixel represents the higher probability of finding
the origin of the gamma radiation or source, and the darker
represents the absence of gamma radiation.

The images in Figure 4 shows all of the three systems
simulated can accurately detect point-source at the three
different positions stated. The bright white pixel in the
reconstructed images defines the detection of the point-
source position reconstructed from the simulation. The
sharper white pixel means more precise the detection of the
point-source. Meanwhile, darker/blue images surrounding
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the point-source is represent as the noise for these
reconstructed images. The fewer blue images mean better
quality of the reconstructed images. From all three
arrangements, the hexagonal arrangement of the iSPECT
system has better reconstructed images for all three
positions with less noise in the reconstructed images for
the point-source detection. This result shows that the more
numbers of the detector in an array, the better for the
iSPECT system in imaging the point-source position. The
result also shows that for all three arrangements,
reconstructed images for point-source at the edge of the
ROTI has the sharpest white dot with less noise. The better
detection of point-source position near the edge is due to
near the edge of ROI; the position of the point-source is
biased to a particular detector which makes it easier to
locate the position and less noise in the reconstruction of
the image.

() (0,0)

(ii) (0.5) (iif) (10,0)

(a) Hexagonal

(b) Octagonal

b (i)

(¢) Nonagonal

c (i)

Figure 4: Reconstructed images for (a) Hexagonal,
(b) Octagonal and (c) Nonagonal with (i) point-
source at origin (0,0), (ii) point-source at 5 cm
from origin (0,5) and (iii) point-source at 10 cm
from origin (10,0).

¢ (ii)

¢ (iii)

Figure 5 is the profile plot of point-source at the origin
for the three iSPECT systems at the position, y=0. The
graph shows all three systems have the intensity peak at
x=0, which confirm the position of the origin of the point
source. The FHWM of the profile plot is calculated at half
of the peak intensity, which is considered as the image
resolution for the reconstructed image of each system [4].
The FWHM for the hexagonal, octagonal and nonagonal
system is 1.25, 1.1 and 0.95, respectively. Although the
reconstructed images for nonagonal have more noise, the
FHWM of the profile plot at y=0 proves that the nonagon
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system has better image resolution for point source
imaging.

FWHM

Intensity (arb.)

—e—Nonagor Octagon Hexagor

Figure 5: Profile plot of pixel intensity at y=0
for point-source at origin (0,0)

3.2 Two Point-source Simulation

Figure 6 shows reconstructed images for two point-source
images of equal strength for all three iSPECT arrangement
with (a) hexagonal, (b) octagonal and (c) nonagonal
system. The dotted red circle is the positional reference of
the actual position of the two point-source placed in the
simulation. The results show only the nonagon system
(Figure 5c) are able to detect the position of two point-
source at their correct position with equal intensity. For the
hexagon system, the reconstructed images only located one
of the point-source in the vicinity of the actual position. In
contrast, the octagonal system can only map the two point-
source as distributed along the x-axis. The result also
shows that, although only the nonagon iSPECT system can
detect the two point-source in the simulation, all three
reconstructed images have shown the intensity mapping
has two clusters of intensity along the x-axis, which is the
correct axis for the two point-source placements.

Penbien )

(b) (©

Figure 6: Reconstructed images for two point-source at
(-5,0) and (0, 5) for (a) hexagonal, (b) octagonal and (c)
nonagonal arrangement of iSPECT system.

4. CONCLUSION

In the present study, three different arrangement of
iSPECT system has been modelled and simulated its
ability to map a static single and two point-source images.
The result shows that all three arrangements are able to
detect the single point source at the origin (0,0), 5 cm from
the origin (5,10) and near the edge of ROI at (0,10). From
the three systems, the reconstructed images of the
hexagonal arrangement have less noise. At the same time,
regardless of the noise, the nonagon arrangement has a
better overall image resolution than the other two systems.
For the two point-source detections, the reconstructed
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images clearly show only the nonagon arrangement of the
iSPECT system can detect the two sources’ position. From
this result, it can be concluded that the nonagon
arrangement of the iSPECT system is the best for imaging
the 20 cm ROI for point-source detection. Further study on
the detection process will be done for different radiotracer
sources and source shape to improve the iSPECT system
for application in the industrial environment.
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