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Abstract—A 3D industrial computed tomography (CT)
manufactured based on a first generation CT systems, single-source
— single-detector, was evaluated. Operation accuracy assessment of
the manufactured system was achieved using simulation in
comparison with experimental tests. '*’Cs and “°Co were used as a
gamma source. Simulations were achieved using MCNP4C code.
Experimental tests of '*’Cs were in good agreement with the
simulations
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[. INTRODUCTION

NUCLEAR imaging systems, such as gamma computed
tomography, are used to analyze and identify failures in
industrial processes and permitting to visualize failure points
in three-dimensional analysis [1]-[2].

Computed tomography is a noninvasive imaging technique
that has been used extensively in not only medicine diagnosis
and surgical planning, but also in nondestructive testing
(NDT) for many industrial applications such as mechanical
part manufacturing, production of composite materials, waste
container inspection, metrology, detection of structural defects
and others, heterogeneities in polymer objects, and so on. The
current industrial CT technology is capable of generating very
high-resolution images [4]-[10].

Most industrial CT was used X-ray sources. Nonetheless,
gamma-ray CT has many advantages over X-ray CT in the
diagnosis of large-scale industrial process units. The X-rays
produced in common X-ray tubes have a broad energy
spectrum. It is therefore desirable to provide an efficient
imaging system having monoenergetic X-ray or y-ray source.

Gamma-ray sources provide a highly penetrating fan beam
of single energy gamma rays. These gamma rays have a much
higher effective energy than commonly used X-ray sources
[11].

Tomographic imaging consists of directing y-rays at an
object from multiple orientations and measuring the decrease
in intensity along a series of linear paths.
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This decrease is characterized by Beer's Law, which
describes intensity reduction as a function of y-ray energy,
path length, and linear attenuation coefficient of material. A
specialized algorithm is then wused to reconstruct the
distribution of y-ray attenuation in the volume being imaged
[12].

Hence, a home-made manufactured single-source & single-
detector 3D gamma-ray CT system was used in this work to
evaluate: 1- the system mechanical errors, 2- effects of
utilizing different single-energy sources on the acquired
image, and 3- comparing experimental and simulations.

II. MATRIAL AND METHOD

A. Sestem setup

To set accurate and precise position of a phantom, three
motors were used. Two three-phase motors (Three-phase, 0.22
kW power, MarelliMotori Company, MA 63 MB 4 technical
code) with 1800 rpm speed were used to adjust R and Z
positions of the phantom and one DC motor (24 V DC,
Hitachi brand) set 0 position of the phantom. Each motor
speed was adjusted by inventor and microprocessor
combination (frequency converter, HYUNDAI Company,
N50 model, 1-60 Hz velocity range). 6 position was declared
by an encoder (13-bit, 6FX2001-5FS12 model, Siemens
Company). Position accuracy of the phantom according to a
prior determined position control using 0.01 mm precision
digital calipers (0-500 mm, 6FX2001 model, Guanglu
Company) mounted for R and Z orientations. An AVR
microcontroller (model 128 Atmega, Atmel Company) was
used to adjust the phantom position with 0.01 mm precision.
To match electronic zero and mechanical zero, an optostop
was used. Also some limiting microswitches ensure more
apparatus custody. Digital position-measurement system was
used in the manner that cheap commercial digital caliper
output will be readable for microcontroller by using an
interface circuit. The mentioned apparatus was applied to
report accurate position in Z and R orientations. Phantom
holder board was designed so that could bear 30 Kg maximum
weight. Maximum phantom dimensions are a cylinder of 270
mm diameter and 200 mm height related to minimum and
maximum range limitations.
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Nuclear electronic system consist of a Nal(T1) (2x2, model
905-3 , ORTEC company), and a specialized MCA (model
166) consist of pre-amplifier, amplifier, high voltage (HV)
and a data acquisition system .

Two cylindrical lead collimators were used for source and
detector (Detector collimator; inner diameter: 0.5 cm, outer
diameter: 10.4 cm, usable height: 13.4cm, Source collimator;
inner diameter: 0.5 cm, outer diameter: 10.4 cm, position of
sitting source: 6 cm.) A schematic design of system has been
show is Fig. 1. *’Cs (30 mCi) and “°Co (5.6 mCi) was used as
a gamma source for the designed single-source — single-
detector industrial CT system. The intensity of transmitted
gamma rays was calculated using peak area.

B. Design of Phantoms
Two polyethylene (p = 0.94g/cm® ) phantoms named P10-1

and P10-2 were used to carry out assessment tests of the
system operation. P10-1 cylindrical phantom was made of
polyethylene having 103 mm diameter and 80 mm height

containing five aluminum (p=27g/cm’) rods (rods'

diameter: 3.5, 5.5, 8.0, 10 and 14.8 mm) improvised into it.
P10-2 polyethylene cylindrical of 105 mm diameter and 80 m

height containing holding five air (p=0.00129 g/m>) holes
instead of the aluminum rods (holes' diameter: 5, 6.5, 8.5, 10.5
and 13.0 mm) holding five air (p = 0.00129 g/m> ) holes instead

of the aluminum rods. A polyethylene phantom was used to
determine the 2D imaging quality of the designed industrial
CT system. The phantom was made as cylindrical geometry
that 12 holes of 1.5, 2, 2.5, 3 mm in diameter was improvised
on a inner ring and 3, 5,7, 9, 11, 15, 16 and 17 mm diameters
was improvised on a outer ring.

C.Simulation and Experimental Comparison

Before outset of experimental tests, it is mandatory to be
determined if mechanical errors are in imaging direction such
as phantom shift concluded incorrect operation of the digital
caliper and so. Hence, several similar 1D imaging were
repeated.

1D imaging of the polyethylene phantoms using two "*’Cs
& “Co source and the Nal detector was simulated via
MCNP4C code [13]. Source, geometry and materials were
defined with respect to experimental setup and the response of
detector was determined using tally F8 in MCNP4C code.
These tallies are pulse height tally and produce the response
function of gamma detector. The FWHM of peak was applied
by FT8 card joined to F8 tally card. Iron rods were riveted on
the phantom holder board as indicators that identify edges of
the rested phantom on the board center. Experimental data
collecting was carried out via counting net area as follow (1):

Area=Integral-Background 8
I l _ Rol,,;
ntegral = ZHMW spectrum,

Rol , —Rol

8

« (ZROI begin ¢ ZRDIM dis : )
i=R0l gy spectrum, i=Rol spectrum,

end

end begin

Background =

That ROI was chosen as follow: 564.94-756.69 keV for
"7Cs and 1086.45-1251.19 keV & 1251.19 1413.96 keV for
89Co peaks.

1/I, make image that I, is entrance photon on phantom
surface and I is output photon of the phantom.

The validity of the manufactured CT scanner was achieved
using MCNP4C-based Monte Carlo simulator relative
difference between simulative and experimental results has
been evaluated by (2):

NE = Measured — Simulated @)
Measured
A 1mm steps was chosen to scan the phantoms. The scans

were carried out in alignment axis of the holes.

III. RESULTS AND DISCUSSION

A. Mechanical errors

To find any mechanical errors, scan of the five-hole
polyethylene phantoms (ph10-1 and ph10-2) were carried out
in twice at constant condition (1-1 & 1-2 tests). Another scan
was carried in against direction using the similar condition of
two prior tests (2-1 test). Relation errors showed an acceptable
mechanical error of less than 1.8% (Fig. 2).

B. Comparison of *’Cs & *Co 1D simulation

Simulation calculations for Ph10-1 & Ph10-2 showed high
energy don’t seems to be suitable for dense materials. In case
of ®Co simulation, boundaries of air and polyethylene are
sharper than *’Cs (Fig. 3).

C. Comparison between simulations — experimental results

The Ph10-1 simulation and the experimental test
comparison using *’Cs showed there are 5.48% average
relative errors respectively (Fig. 4,5,6,7). The phantom
tomography by means of “’Cs showed that its acquired
projection behavior, except 3.5 mm hole is similar to the
simulated results. 2D imaging of the polyethylene phantom of
12 air holes was formed. Unprocessed image is shows in
Fig. 8 With respect to this result the resolution of system is 5
mm and smaller holes were not shows in image.

IV. CONCLUSION

Simulations using MCNP-4C suggests '*’Cs as more useful
source than ®Co. The experimental tests using *’Cs source
showed good ability of the designed industrial CT for imaging
with mechanical errors less 1.8%. The system has desirable
ability to detect a 5 mm hole in 2D imaging.
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Fig. 1 Schematic design of placing phantom on phantom holder
board between the shielded source and detector.
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Fig. 2 Evaluation of mechanical errors using source Cs-137 and .the

phantom a) aluminum rods (ph10-1), rods' diameter : 3.5, 5.5,
8.0, 10 and 14.8 mm , b) air holes (ph10-2), holes' diameter: 5,
6.5,8.5,10.5and 13.0 mm .
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Fig. 6 Comparison of experimental and simulation using Cs-137

15
12 r — Experimental - - - Simulated
1.1 | 10
1 -
0.9 N
| ; <)
\ i/
g 0.8 F ; g
= 07} 80
g
0.6 F .
2
05 F &S
04
03 ——— 10
0 1 3 4 5 6 7 8 9 10 1
Phantom step (cm) 15
Fig. 4 Comparison of experimental and simulation using Cs-137
source for phantom with aluminum rods (ph10-1), rods'
diameter: 3.5, 5.5, 8.0, 10 and 14.8 mm . Fig

source for phantom air holes (ph10-2), holes' diameter: 3.5,
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TABLEI
GAMMA CT PARAMETERS DURING IMAGING
High Voltage 669-711 Volt
Lower Level 1.50r3
@ Coarse Gain 40
Fine Gain 7.5-9
Peak Width 5
Peak Search Sensitivity 3

Fig. 8 Polyethylene phantom 2D image, air holes,
minimum resolution: 5mm, 0: 356.4°, A0: 4.39°, AR:
1.2 mm, Time/Sample: 10 s, source - detector
distance: 55 cm.
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