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Abstract—Accurate timing alignment and stability is important
to maximize the true counts and minimize the random counts in
positron emission tomography So signals output from detectors must
be centering with the two isotopes to pre-operation and fed signals
into four units of pulse-processing units, each unit can accept up to
eight inputs. The dual source computed tomography consist two units
on the left for 15 detector signals of Cs-137 isotope and two units on
the right are for 15 detectors signals of Co-60 isotope. The gamma
spectrum consisting of either single or multiple photo peaks. This
alows for the use of energy discrimination electronic hardware
associated with the data acquisition system to acquire photon counts
data with a specific energy, even if poor energy resolution detectors
are used. This also helps to avoid counting of the Compton scatter
counts especially if asingle discrete gamma photo peak is emitted by
the source as in the case of Cs-137. In this study the polyenergetic
version of the aternating minimization agorithm is applied to the
dual energy gamma computed tomography problem.
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l. INTRODUCTION

HE alignment between the radiation source and detecting

devices is critica in gamma ray imaging [1] and 2]
.Several techniques for adignment using lasers and other
methods have been devised [3], such as the combination of a
laser projector and reflectors to indicate the correct relative
position between the subject, the detector, and the x-ray beam,
the combination of laser positioning and pinhole focal-spot
radiography to provide precise alignment , the use of a single
laser that points to the focal spot position to help the
alignment of an x-ray spectrometer [4] . Other methods
that provides two coinciding laser beams. The advantage of
the two laser configuration is that it provides a highly accurate
method to form a visible indicator of the incident ray from
both directions. The alignment process of the target for
imaging system by [5]. Alternating minimization technique
used based on a dtatistica model for measuring gamma ray
counts data. The reconstruction problem is formulated as an
optimization problem in statistical estimation theory [6] and
[7] .Many image reconstruction algorithms tomography for
medical imaging have been developed that model the
polyenergetic nature, there by capturing the physics of the
transmission process.
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The prime motivation for a model that accounts for the
energy of the photons is to reduce beam hardening artifacts
that occur in the reconstructed images when a monoenergetic
(ME) model is used for spectrum. This artifact appears
especidly if the domain has high attenuating materias like
bone or metallicimplants that are typical in medical imaging.

The polyenergetic algorithm applied that it accounts for the
energy of the gamma photons by scintillation detectors.
Ascintillator is material which exhibits scintillation which is
the property of luminescence [8] .When excited by ionizing
radiation, luminescent materials when struck by an incoming
particle absorb its energy and scintillate or reemit the absorbed
energy in the form of light [4].

Sometimes, the excited state is metastable, so the relaxation
back out of the excited state is delayed depending on the type
of transition and the wavelength of the emitted optical photon
[9]. A scintillation detector or scintillation counter is obtained
when a scintillator is coupled to an electronic light sensor such
as a photomultiplier tube or a photodiode. photomultiplier tube
absorb the light emitted by the scintillator and reemit it in the
form of dectrons via the photoelectric effect. The
multiplication of electrons resultsin an electrical pulse which
can then be analyzed and yield meaningful information about
the particle that originally struck the scintillator.

. THE ALIGNMENT PROCEDURE BASED ON LASER
BEAM POSITIONING DEVICE

In the dual tomography, there are 30 detectors being used,
15 detectors are set up to detect Cs-137 activity of 100mCi
and 15 detectors are to detect Co-60 with 50mCi. In
transmission measurement geometry, the arrangements of the
detectors are made such that they form two sets of curved
detector arrays. With this arrangement, it is expected that the
dual source computed tomography could perform CT scan for
an 18 inch column. For smaller columns sizes like 10- 12 inch
may need 9 or 11 detectors. Equal number of detectors should
be taken out from left side and right side so as to keep the fan
beam measurement. With odd number of detectors, it is
convenient to identify the center of detectors that is directly
opposite to source point. Accurate timing alignment is
important to maximize the true counts.

In spectrad measurements, The two collimators are
commonly used to limit the flux of the incident gammaray .In
the spectral experiments performed in this study, Nal(T1) was
employed. The aignment of the two collimators and detectors
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with respect to the direction of the incident besemains a
difficult task. This is due to the fact that theotwollimators
must be aligned concentrically with respect to eattter, as
well as the direction of the incident beam, in eorttereduce
the beam filtration .By using laser alignment apuig this
problem could be adequately solved. Laser beanzedilas a
visible substitute for the incident gamma ray bemmthe
spectral measurements. See
alignment is essential in certain measurements igragdjing
tasks, although it often requires arduous effortal as
therefore very time consuming. In order to easediffeculty
and to improve the accuracy of the alignment taskser

gamma ray, b- Backscatter at the low energy endhef
compton distribution, the compton interaction is pare
kinematic collision between gamma ray photon anttea
electron in the Nal(Tl) crystal. By this procesise tincident
gamma ray gives up only part of its energy to tleeteon. The
amount given to recoil electron depends on whettier
collison is head on or glancing. For a head onisioh, the

Figures 2 and 3. Siseregamma ray imparts the maximum allowable energytifier

compton interaction . c- Photopeak at an enerd6@fkeV .

B. Imaging of sonogram after and before alignment
The aim of centering is to ensure detectors ar¢ alighed

pointer used to establish a visible indicator oé fhcident to the collimated source point. Firstly, remove fiingt and last
gamma ray beam. During the alignment process, aser| detectors like, Detector #1 and Detector #15 aplace it
facing the gamma ray source, The laser beam cdhstarwith two units of highly directed laser. The las#gvice is

pointed towards the output window of the gamma tuye
when the position of the laser was adjusted aldwegaptical
rail. This verified that the laser beam was paralte the
direction along which the components were positipwehich
was the direction of the supporting optical ragde Figures 1
and 2.

Il T T y—
Fig. 2 Arrangement of laser beam system throughsaiajent with
other detectors of tomography unit

. RESULTS

A.  Alignment position between source and detector

Good alignment produces good spectrum ,so fronexicel
sheet we need range of the energies at which thkspef
cesium and cobalt exist, these energies are nesglétput in
the scan program called (biomass). Cesium shesistomy of
3 columns because of one peak detected, whileltcshaet
consisting four columns because of the two peaksctien.
The spectrum of good and bad alignment, see FEdtiend 4.
The spectrum of Figures 3 and 4 indicates theiolig peaks
, a- Low energy of radiation due to internal cosian of the
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placed in an aluminum holder that has the samemioes as
the detector, which can easily replace the detgusition. In
a perfectly aligned source-detector positions, tthe beams
from the two lasers should overlap flawlessly oa #ource
point. Adjust projection plate position by handsiment of
horizontal ball screw so that beams align.
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With good alignment

With bad alignmer
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Fig. 3 Gamma ray spectrum measured with Nal (Tigcter at a
good alignment position of tungsten collimator cemgal with the
spectrum obtained with a collimator tilted awaynfrthe good
alignment position
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Fig. 4 Spectrum obtained or isotope Cs-137 withtagroposition
of alignment
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When completed, make visible markings so that thece

is more stable and produces senogram image tha hav

device collimator could be placed in and out witlse at the greater degree of accuracy and lower levels ofenois

calibrated line point. Laser device is Class dfA liype. Data
taken by detectors after alignment transfer to yamalby
MATIlab prog .The results indicate that for the samél
transmission data, the polyenergetic approach gifas
superior
monoenergetic approach is sensitive because afttbeuation

of the materials at the gamma ray photon energiée
polyenergetic approach based on the alternatingmization (3]
technique shows promising potential for determirtimg phase [4]
holdup using dual source gamma ray tomography génat
sonogram for pebblebed reactor with 1ft heigt arinl
diameter after 500 iterations with Hz = 5, rhblas [
diam=2in .Senogram image after and before alignmesge
Figure 5, a and b. [6]

(7]

(8]
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b- Image of senogram after alignment

Fig. 5lmage of senogram after and before aligment

V. CONCLUSION

This paper reports a convenient laser alignmentvbich
the positioning of the imaging can be achieved. [Blser was
positioned a distance from the source with its badjasted to
constantly point towards the output collimator wind of
gamma ray source and parallel to the direction galahich
the components are placed. The main advantageeofthik
alignment was illustrated in gamma ray spectral
measurements in which the two collimators of sesi@nd the
detectors could be conveniently aligned with resgecthe
direction of incident gamma ray based on the lasam. The
alignment process is suitable for facilitating aede image
acquisition , as it provides a simple method foswimg the
alignment of various components with respect todinection
of gamma ray. After alignment , senogram image gead by
using the alternating minimization technique .Foatenials
with high attenuation ,the alternating minimizatialgorithm
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results to the monoenergetic approach. Tm

REFERENCES
MacMahon H., Yasillo N. J., and Carlin M., “Lasdigament system
for high-quality portable radiography,” Radiograg#hil2(1), 111-120,
1992.
Brezovich I. A. and Jordan S., “A device for prémispositioning and
alignment of room lasers to diminish their conttibo to patient setup
errors,” J. Appl. Clin. Med. Phys. 8(4), 45-53,020
Matsumoto M., and Kanamori H., “Determination ofay tube focal
spot position,” Med. Phys. 20(4), 1029-1031, 1993.
Miyajima S., Imagawa K., and Matsumoto M., “An aligent method
for mammographic X-ray spectroscopy under clingmaiditions,” Br. J.
Radiol. 75(897), 763-766, 2002.
Meng F. B., Yan A. M., Zhou G., Wu X. Z., and Liu,HDevelopment
of a dual-detector x-ray imaging system for phasgiaval study,”
Nucl. Instrum. Methods Phys. Res. B 254(2), 300-30®07.
Gamio JC, Castro J, Rivera L, Alamilla J, Garciecbiti F, Aguilar L.”
Visualisation of gas-oil two-phase flows in gsarised pipes using
electrical capacitance tomography” Flow Measuremeand
Instrumentation 16(2-3),129-134, 2005.
Tortora PR, Ceccio SL, O'Hern TJ, Trujillo SM, Tmyoski JR. “
Quantitative measurement of solids distributiorgés-solid riser flows
using electrical impedance tomography and gammasitenetry
tomography” International Journal of Multiphase WI82(8),972-995,
2006

Stephen A. Dyer “ Survey of instrumentation and soeement” IEEE,
p. 920, 2001.

L'Annunzioat, Micheal "Handbook of Radioactivity Alysis" Chemical
reviews, p. 404, 2003.

1SN1:0000000091950263





