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Abstract

Modern positron emission tomography scanners generally perform three-dimensional data collection without septa,
which increases not only true coincidences but also scattered coincidences. In this study, a beam stopper (BS) device
which is made of lead was used to estimate the scatter component in the PET sinogram. Scattered events were then
directly measured from those lines of response blocked by stoppers. By assuming that the scatter distribution is a
spatially slow-varying function, the scatter component can be recovered using the cubic-spline interpolation from the
local measurements. Monte Carlo simulations of an abdomen phantom and the Zubal phantom were performed.
Preliminary results demonstrated that the proposed BS method can improve image contrast and quantitative accuracy.
Among different configurations, the BS device consisting of twelve lead stoppers with 3 mm radius yielded the optimal
result compared to the other BS configurations. This BS method also outperformed the dual-energy window method up
to 40% based on the mean squared error. The results indicated that the proposed BS method permits a direct, fast, and
accurate scatter correction.
© 2005 Published by Elsevier B.V.
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1. Introduction

Positron emission tomography (PET) is a

*Corresponding author. Tel.: + 8863 5742681 powerful diagnostic tool for oncology, due to
fax: +8863 571 8649. its high sensitivity and specificity for detecting
E-mail address: kschuang@mx.nthu.edu.tw (K.-S. Chuang). a variety of cancers. PET is also an enable
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technology to quantify the activity distribution of
radionuclides in vivo. However, scattered events in
PET would reduce image contrast and inevitably
lead to an overestimation of actual activity
distribution. To achieve accurate quantification,
adequate scatter correction is essential in PET.

Accurate scatter correction is a challenging task.
For fully three-dimensional (3D) PET, the septa
used to reject interplane scattered events are
retracted in order to increase the sensitivity [1].
The corresponding scatter fraction usually occu-
pies about 14-36% of the total detected coincident
events in the brain study [2], and even markedly
constitutes over 50% in the human thorax case [3].
The estimation of the scatter component depends
on many physical parameters including energy
resolution of detectors, energy window settings of
a scanner, radionuclide source distribution, and
sizes and materials of an object. These parameters
are often non-stationary, and impose a potential
difficulty when designing appropriate scatter
correction techniques.

Rejection of scattered events based on energy
discrimination has limited success, owing to the
poor energy resolution of the scintillator [4,5].
There are also other correction methods that are
based on energy windows, curve fitting, convolu-
tion subtraction, model-based, and reconstruction-
based approaches [6-9]. These methods merely
differ in the way they estimate the scatter
component.

Multiple energy window methods have pre-
viously been proposed for single photon emission
computed tomography (SPECT) [10-12]. Recent
developments and improvements in energy resolu-
tion of PET detectors have enabled the implemen-
tation of scatter correction based on energy
spectra [13—15]. These methods assume that the
high energy (photopeak) window contains both
primary and scattered events, while the low energy
window mainly contains scattered events. The
amount of scattered radiation in both windows is
associated with a scatter ratio, which is assumed to
be a constant. The scattered events can be
estimated and corrected through a linear combina-
tion of the two data sets from both windows. Since
the scatter ratio varies with the attenuation
coefficient and the source distribution, these

methods may not adequately handle large or
non-uniform objects.

The curve fitting techniques [16] are based on
the assumption that the spatial distribution of
scatter can be described through a Gaussian
function or second-order polynomials. The center
of the scatter distribution is interpolated from the
region outside the source object. The assumption
may be invalid for scanning of the human torso,
which is large and not homogeneous. Using a
similar scheme, Cherry and Huang compared 2D
and 3D scans to estimate the scatter contamina-
tion [17]. However, this method requires an
additional 2D scan, which could be impractical
for clinical use.

Convolution subtraction approaches [18-20]
estimate the scatter distribution based on standard
photopeak data. These methods use constant
scatter kernels, which are parameterized via
mono-exponential or Gaussian functions. The
scatter distribution is then estimated by iteratively
convolving the photopeak projections with the
kernel. However, these techniques do not consider
the scattered events originating from outside the
field of view (FOV). And the kernels are usually
measured by using simple phantoms that might
not adequately represent human anatomy.

Model-based approaches [3,21-28] estimate the
scatter component relying on a rigorous analytical
modeling based on the underlying physics of
Compton scattering. The single-scatter simulation
(SSS) algorithm proposed by Watson et al [3,21]
calculates the single scatter distribution by using
emission and transmission data. Recently, a new
implementation of SSS [28] requires less than 5 min
execution time for a whole-body study. Ollinger
[25] incorporated the multiple scatter as an integral
transformation of the single scatter distribution. In
reconstruction-based methods, Werling [27] opti-
mized the implementation of the SSS algorithm,
which resulted in a significant speedup of the
scatter estimation procedure. The scatter simula-
tion was then included in the forward projection
step of maximum likelihood image reconstruction.
These methods work very well when dealing with
single scattering. However, they still share a
common disadvantage in handling scattered events
outside the FOV [26].
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In seeking an alternative, we proposed a beam
stopper (BS) device, which has been widely applied
to measure scatter in radiography [29]. The
proposed BS device consists of several lead rods
and is designed to directly measure scattered
events. The purpose is to extend the use of the
device to develop a reliable scatter correction
scheme for PET, with the aim of accurately
estimating and eliminating scatter from the recon-
structed images.

2. Methods
2.1. Beam stopper

A beam stopper made of high Z material was
used to measure the scatter component. It was
installed in front of a detector to block true
(primary) events from being recorded. To mini-
mize its influence on scattered events, the size of a
stopper should be small and the location should be
placed as close to the object as possible (Fig. 1).
For each projection angle 6 with respect to the x-
axis, the stopper interacted mainly with the

] Scattered event —

- Primary event -

Fig. 1. The geometry of the system with single beam stopper.
For each projection angle 6, the stopper interacted mainly with
the primary events emitted from sources along on the specific
LOR.

primary events emitted from the sources along
the specific line of response (LOR)

x;cos 0+ y;sind = ¢ 1)

where (x;, y;) indicates the location of the ith stopper
in space. Depending on the material and size of the
stopper, a transmission fraction (7<1) of the
primary events would penetrate through the stopper
and be recorded by the detector. Suppose that S and
P be the scatter (from inside and outside the FOV)
and primary components from the original source,
respectively. Let Cp and Cg be the counts at a given
LOR in the sinogram with and without the stopper,
respectively. Then, we can write Cz and Cg as

Cr(1;,0) = P(t;,0) + S(1;,0) (2

Cp(1:,0) = T(1;,0) x P(1;,0) + S(1;,0) (3)

P and S for each detector pair (¢;,0) can be
solved, once the transmission fraction 7(z;,0) is
obtained by the air scan. Note that 7 will be equal
to 1 for those LORs that do not intersect with the
beam stopper.

2.2. Air scan

In the air scan, a point source was moved
around and spent the same period of time at each
location inside the FOV. Let Cpy and Cgy denote
the counts for the air scans with and without the
beam stopper device, respectively. The corre-
sponding transmission fraction 7 is simply the
ratio of these estimates as shown in Eq. (4)

T(1,0) = Cpo(t,0)/ Crol(t, 0) 4)

The air scans need to be performed only once
for the specific arrangement of a beam stopper
device. Information on T was then stored for the
subsequent object scans.

2.3. Scatter component

The scatter component at the LOR correspond-
ing to the beam stopper was obtained by solving
Egs. (2) and (3) to yield Eq. (5)

Med{Cp(1;,0)} — T(1;,0) x Med{Cg(t;, 0)}
1 —T(t,0)

S(lia 8) =
()
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where Med(-) denotes a 5x 5 median filter to
remove noise from the projection data. Due to the
finite size of the beam stopper, the transmission
fractions at several neighboring locations of ¢; were
not constant. Consequently, for each stopper, the
scatter component was estimated from the loca-
tion t; where its transmission fraction has the
minimal ratio.

2.4. Multiple beam stoppers

A device consisting of multiple beam stoppers
was placed surrounding an object to achieve
multiple readings of the scatter component. For
a given projection angle, the primary events were
blocked at several radial bins (Fig. 2a). The scatter
component was then estimated at these bins, where
T values were local minima. Since the scatter
distribution was assumed to be a spatially slow-
varying function, the entire distribution was
recovered through the cubic-spline interpolation
from the values calculated at the stopper locations
(Fig. 2b). Finally, the whole scatter sinogram was
smoothed using a 7 x 7 Gaussian filter.

/

Beam stopper device

@

Scatter

(b)

543
2.5. Primary component

The object scan was divided into two sub-scans,
one in the presence of the beam stopper device and
one in its absence. Both data sets were used to
calculate the primary sinograms

Pr(t,0) = Cg(t,0) — S(2,0) (6)
Cp(1,0) — S(¢,0)

Po(t.0) ==

(7

These two primary sinograms were summed
together for primary image reconstruction. There-
fore, no additional scanning time for the object is
required.

2.6. Validation through monte carlo simulations of
digital phantoms

The validation was performed using Monte
Carlo code of the Simulation System for Emission
Tomography (SimSET) from the University of
Washington [30]. The scattered and unscattered
events were distinguished from each other and

f; tis1 >

Bin number

Fig. 2. (a) For each projection angle, the primary events were blocked at several radial bins. (b) The scatter distribution (dotted line)
was interpolated based on the scatter components (solid arrow) estimated at those blocked bins where the transmission fractions were

local minima.
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binned into separate sinograms as a gold standard
for the comparison.

Fig. 3 shows the geometry of the simulated
abdomen phantom [31] and the setting of the beam
stopper device under study. Four cylindrical
sources (regions A, B, C, and D with respective
radii of 0.625, 0.935, 1.25, and 5cm) were inserted
into an elliptical cylinder with a long axis of 34 cm
and a short axis of 26 cm. The phantom and the
sources were 20 cm long to include scattered events
from activity outside the axial FOV. The four hot
regions and background were water-filled with
activity concentrations equal to 37 MBq/cc and
5.5MBq/cc, respectively. A cold spot (region E
with a radius of 1.563 cm) was inserted inside the
largest cylinder. The beam stopper device was
designed as a birdcage with a radius of 18.5cm,
consisting of 12 lead rods (radius r = 0.3cm)
arranged uniformly on the surface.

An anthropomorphic Zubal phantom [32] was
constructed for performance evaluation as well.
Three types of tissues including lung, blood pool,
and soft tissue were filled with activity concentra-
tions of 3.7, 37, and 18.5 MBq/cc, respectively. The
phantom was then rescaled to long and short axes
of approximately 32 and 18 cm, respectively, to fit

! 34cm !

Fig. 3. The elliptical abdomen phantom inserted with four
cylinders (regions A, B, C, and D from left to right) was used
for the simulation study. The activity concentrations in the
cylinders and background were 37 MBq/cc and 5.5 MBq/cc. A
cold spot (region E) with no radioactivity was located inside the
largest cylinder. Twelve beam stoppers were arranged uni-
formly around the phantom with a radius of 18.5cm.

into the beam stopper device, which consisted of
twelve three-mm-radius stoppers.

The PET system was simulated with a ring
diameter of 80 cm and a transaxial FOV of 58 cm.
The energy resolution of the detectors was about
20% at 511 keV and the spatial resolution was 0.33
x 0.33cm”. Since photon transport was not
simulated in the detectors, all impinging photons
were absorbed without any scattering inside the
crystals, and no pile-up events occurred. The
energy window of the primary photopeak was set
at [380, 850]keV. There were total 180 angular
projection samples, while each projection had
180 radial bins with bin size equal to 0.32cm.The
total numbers of traced decay were 2.0 x 10'® and
1.0 x 10° for the air and object scans, respectively.
The acquisition time was set to 60s. The air scan
was simulated using a cylindrical phantom filled
with radioactive gas. It was expected that no
Compton scattering occurs.

Attenuation correction was performed after
scatter compensation, based on a prior knowledge
of the geometric structure of the phantom and
appropriate attenuation coefficients. The scatter-
free image was reconstructed from the primary
sinogram using the maximume-likelihood expecta-
tion-maximization (ML-EM) algorithm [33]. Fol-
lowing 100 iterations, a 5 x 5 median filter was
applied to the final image.

2.7. Image quality assessment

The contrast (CS), mean squared error (MSE),
and normalized standard deviation (NSD) were
calculated for the reconstructed images to assess
the performance of scatter compensation. The CS
is defined by:

I-b
-5 ®)

where / denotes the average activity in the region
of interest (ROI) and b represents the average
activity in the surrounding region. The contrast
improvement was used to verify the scatter
correction efficiency. The MSE is the mean of
the squared activity differences between the
reconstructed image and the digital phantom. It
measures the accuracy of the scatter correction

CS
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method. Moreover, the NSD is the ratio of the
standard deviation to the average activity mea-
sured in the background. It represents the noise
level in the image results.

2.8. Dual-energy window method

Scatter correction using the dual-energy window
(DEW) method was compared. In the DEW
method [13], counts were simultaneously accumu-
lated in the photopeak window [380, 850] keV and
the Compton window [200, 380]keV. The scatter
ratio R,. is the ratio of the scatter contribution
between two windows. This value varies with
different planes. It was estimated by Monte Carlo
simulation of a line source in an 18.5cm radius
water-filled cylinder with a length of 20cm.The
value of Ry, was equal to 0.22 for the central
sinogram. The unscattered ratio R, was zero
because the energy of arriving photons was fully
deposited in the detector. The total number of
traced decay in the DEW method was the same as
that in the BS method.

3. Results

Fig. 4 illustrates the sinograms of the air scan
(Cro), the air scan with the beam stopper device in
place (Cpg), and the inverse of the transmission
fraction (1/7). Each curve represents the ray
integral of a stopper. The number of these curves

through a profile was less than the number of
stoppers because some projected positions of
stoppers had no intersection with the phantom
and some of them overlapped with each other.

Fig. 5 depicts a plot of the sinogram profiles of
the phantom at 6 =36° for Cg, Cp, and the
calculated scatter distribution using various meth-
ods. The scatter components estimated at the
blocked LORs are also shown as spikes. Some of
the spikes were eliminated because a criterion that
Cp must be larger than T x Cr was added to the
calculating procedure to avoid negative values of
scatter induced by statistical fluctuations. Clearly,
the scatter distribution estimated by the BS
method provided accuracy in shape and amplitude
compared with the true scatter distribution by the
Monte Carlo simulation. The profile achieved by
the DEW method overestimated the counts near
the edge because of using a constant scatter ratio
throughout the object.

Fig. 6 displays the true scatter sinogram by the
Monte Carlo simulation and the calculated scatter
sinogram by the BS method, which are in a good
agreement. Fig. 7 shows the reconstructed images
from the original sinogram, primary sinogram by
the BS method, and primary sinogram by the
DEW method, respectively. Both scatter correc-
tion methods reduced the contamination of
activity in the background. Significantly impro-
ved contrast and uniformity between the hot
spots were prominent by using the BS method
(Fig. 7¢).

Fig. 4. The sinograms of (a) the air scan (Cgy), (b) the air scan with 12 beam stoppers in place (Cp), and (c) the inverse of transmission

fraction (1/7).



546 K.-S. Chuang et al. | Nuclear Instruments and Methods in Physics Research A 551 (2005) 540-552

60—
50000 |
40000 [

30000 |

Counts

20000 F

10000

0 30 60 90 120 150 180
Bin number

Fig. 5. The projected profiles of the phantom at 0 = 36° with
and without the beam stopper device (Cp: triangles, Cg:
squares, respectively). The scatter distributions estimated by
the BS (solid), DEW (dashed), and Monte Carlo simulation
(dotted) are shown. The spikes under the BS curve are the
scatter components directly measured by the beam stoppers

Fig. 6. The scatter sinograms estimated by (a) the Monte Carlo
simulation and (b) the BS method.

Horizontal profiles through the center of the
images before and after correction are compared
in Fig. 8. The residual activity in the region E was
smaller by the BS method, indicating that the
removal of the scatter component was more
efficient. The background activity between regions
A and B was underestimated by the DEW method.
This resulted from the over-estimation of the
scatter component near the edge of the phantom.
The activity concentration in region A was
significantly lower than the activity in the phan-

tom, probably because of the limitation of detector
resolution and the smooth filter applied to the final
image.

Table 1 compares the cold spot (region E) CS,
MSE, and NSD obtained using the BS and the
DEW methods. Twelve stoppers were arranged in
the beam stopper device. We also investigated the
performance with stopper radii varying from 0.3
upto 1.2cm. The BS method improved the CS and
MSE by approximately 10% and 40%, respec-
tively, when compared to the DEW method. The
noise induced by the BS method almost remained
the same as in the original image. On the other
hand, the noise induced by the DEW technique
was more than double. This phenomenon was
caused by the counting statistics in the low energy
window being much noisier than the photo-
peak window, so that the subtraction procedure
increased the noise level in the reconstructed
images.

The comparison of stopper thicknesses showed
that the 0.3 cm radius resulted in the best result for
the 3 metrics considered. As the stopper size
increased, the photon counts transmitted through
the stopper exponentially decreased and the
fluctuation in Pp (Eq. (7)) increased. Therefore,
we might be able to exclude the Pp sinogram. For
example, using Pr alone for 1.2-cm-radius stop-
pers produced a better reconstructed image
quality, as compared to the use of both Pz and
Pr under the same conditions.

Table 2 lists the contrasts measured in the four
hot cylinders using the DEW and BS methods with
various stopper sizes. The BS method with the
0.3cm radius produced more accurate results in
terms of restoring the true contrast. Due to the
over-estimation of the scatter component by the
DEW method, the CSs in regions A and B were
extremely high. Although this should not influence
a lesion detection task, it would introduce
substantial errors in quantitative analysis. As the
stopper size increased, the mean value deteriorated
markedly. This is probably due to the fact that
increasing the stopper size led to blocking more
additional scattered events. Consequently, the
scatter component was underestimated.

Various numbers of stoppers (r = 0.3cm) were
employed in the simulation of the same phantom to
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Fig. 7. The reconstructed images of the abdomen phantom. (a) The true unscattered image, (b) uncorrected image, (c) image corrected

by the BS method, and (d) corrected by the DEW method.

determine the reasonable stopper number for abdo-
men scans. The contrasts of the cylindrical sources
are tabulated in Table 3. Except for the stopper
number N =4, the CSs and other indices were
similar. This means the image quality was saturated
approximately at N = 8. Further increases in the

number of stoppers would not provide more
information on interpolation of the whole scatter
distribution. As the stopper number reached 16, there
was no further decrease in MSE. For a more complex
object, the required number of stoppers might be
larger, according to its size and composition.
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Table 2

Hot spot contrasts of the abdomen phantom measured in the
four hot cylinders by the DEW method and the BS method with
stopper radii ranging from 0.3 to 1.2cm

] Method CS (region) Mean (+SD)
” 1.5E+006 ﬂ A B C D
§ I ] Phantom 0.739 0.739 0.739 0.739 0.739
© | oeroosk Uncorreted 0.381 0.408 0.436 0.464 0.42240.04
I DEW 0.818 0.827 0.752 0.745 0.78540.04
I v BS (r=0.3cm) 0.724 0.754 0.738 0.746 0.74140.01
i BS (r=0.6cm) 0.715 0.733 0.737 0.728 0.728+0.01
5.0E+005[ BS (r=09cm) 0.495 0.642 0.645 0.687 0.61740.08
- BS (r=12cm) 0.826 0.743 0.263 0.548 0.595+0.25
[ BS (r=1.2cm)* 0.456 0.419 0.534 0.637 0.51140.10
O e ——
0 20 40 60 80 100 120

Pixels

Fig. 8. The central horizontal profiles of the abdomen phantom
(plain line), original image (diamonds), image corrected by the
BS method (triangles), and image corrected by the DEW
method (squares).

Table 1

Cold spot contrast (CS), mean squared error (MSE), and
normalized standard deviation (NSD) of the abdomen phantom
obtained by the DEW method and the BS method with stopper
radii ranging from 0.3 to 1.2cm

Method CS (region E)  MSE (x 10"  NSD
Phantom 1 — —

Uncorrected 0.560+0.008 8.090 0.283
DEW 0.846+0.013 2.540 0.639
BS (r =0.3cm) 0.9174+0.012 1.474 0.284
BS (r =0.6cm) 0.873+0.013 1.537 0.286
BS (r=0.9cm) 0.857+0.021 2.007 0.374
BS (r=1.2cm) 0.612+0.155 178.0 1.809
BS (r = 1.2cm)* 0.63840.087 9.470 0.851

*Only Pg was used for image reconstruction.

The reconstructed thorax images of the Zubal
phantom before and after applying scatter correc-
tion are illustrated in Fig. 9. The BS method
substantially reduced the residual activity in both
lungs and raised the contrast between the blood
pool and the myocardium. The horizontal profiles
through the center of the images are plotted in
Fig. 10. It is obvious that the BS-SF method
accurately recovered the activity concentrations of
different regions. It also restored the average

*Only P was used for image reconstruction.

Table 3

Contrasts of the abdomen phantom measured in the four hot
cylinders using the BS method with various numbers of
stoppers ranging from 4 to 16 (r = 0.3cm)

Number of CS (region) MSE NSD
stoppers (x 100

A B C D

Phantom 0.739 0.739 0.739 0.739 — —

4 0.686 0.710 0.696 0.712  1.442 0.272
8 0.722  0.757 0.737 0.745  1.487 0.302
12 0.724 0.754 0.738 0.746 1474 0.284
16 0.727 0.755 0.740 0.745  1.499 0.284

activity ratio of the soft tissue/lung from 1.75 to
5.20 (ideal value of 5.0) and the ratio of the blood
pool/lung from 3.25 to 9.81 (ideal value of 10.0).
Table 4 summarizes the comparisons of quality
indices before and after correction. A hot region in
the blood pool, a cold region in the left lung, and a
background in the right lung were used to
calculate the CS and NSD. The data again show
the encouraging results that the BS method
markedly improved the CS and MSE without
increasing NSD.

4. Discussion

This research attempted to compensate scatter
contamination using a beam stopper device. By
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Phantom Unscattered

Uncorrected

Fig. 9. The reconstructed images of the Zubal phantom. (a) The reference image used as input to the simulator, (b) the true unscattered
image, (c) uncorrected image, (d) image corrected by the DEW method, and (e) corrected by the BS method.
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Fig. 10. The horizontal profiles through the center of the
reconstructed images before and after applying the BS-SF and
DEW methods.

Table 4

Contrast (CS), mean squared error (MSE), and normalized
standard deviation (NSD) of the Zubal phantom obtained by
the DEW method and the BS method

Method CS MSE ( x 10'%) NSD
Phantom 0.780 — —
Uncorreted 0.432 6.307 0.302
DEW 0.657 3.701 0.463
BS 0.849 2.373 0.332

assuming scattered radiation to be a spatially slow-
varying function, the estimated scatter distribution
perfectly matched the distribution obtained by
the Monte Carlo simulation. But, for some
complicated objects, this assumption may not be
true. If we increase the number of stoppers, the
scatter component between stoppers would more
likely fit with a low order function. The interpola-
tion approach can then well portrait the true
scatter distribution. Since the cubic spline is used
to restore the scatter distribution, the positions
of stoppers will determine where the scatter
components are measured. The most suitable
arrangement of stoppers would be the uniform
distribution around a patient.

Beam stoppers also have unavoidable impact on
scattered events. For example, in the Monte Carlo
study of Zubal phantom, there are approximately
5% scattered events attenuated by stoppers. This
additional attenuation on scatter currently cannot
be taken into account by the BS method.
Fortunately, thinner stoppers can be implemented
in practice, as long as the corresponding attenua-
tion fraction of primary events is distinguishable
from the Poisson error. A tradeoff between
stopper number/radius configurations, therefore,
should be made to optimize the performance for
various scanning conditions.

For a practical implementation of the BS
method, the lead bars could be assembled as a
half birdcage shown in Fig. 11. This structure can
be easily attached to and removed from a patient
between two sub-scans. There is no need to have
the beam stoppers surrounding the patient to
block both annihilation photons, as the coinci-
dence circuit works with one side being blocked.
The transmission fraction for each LOR can be
determined from the dual blank scans with and
without the beam stopper device, using an external
transmission source such as **Ge.

For real scanner systems, a minimum amount of
time is required between successive events to
resolve them as two separate counts. This mini-
mum time separation is called the dead time of the
counting system. A true event will be lost if it
occurs too quickly following the preceding event.

Beam stopper device

Patient

Couch

Fig. 11. The beam stopper device could be designed as a half
cylindrical birdcage.
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In the proposed method, the air scan can be
performed using a low activity transmission source
to minimize the dead time effect. In the object
scan, the count rates between the two sub-scans
with and without the beam stopper device are
different and the dead time loss can vary
considerably. This leads to an over-estimation of
the scatter component. To circumvent this pro-
blem, the dead time correction [7] on the sinogram
must be performed before the scatter correction.

The random coincidence is another important
component constituting the total coincidences. Its
distribution in the sinogram tends to be a fairly
slowly changing function [7], which is similar to
the scatter distribution. Besides, if the stopper is
small, the random coincidence can also fulfill the
assumption that the beam stopper device has no
impact on it. Therefore, we believe that random
events can be considered together with scattered
events. In fact, Karp et al (1990) [34] used the tail
fitting technique to correct them together. Since
the current version of SImSET does not implement
the random simulation, this study only addresses
the scatter component.

Some other scatter correction methods available
on clinical scanners perform well in both 2D and
3D systems, like model-based methods [3.,21].
These methods have several disadvantages. Firstly,
the computation is very demanding if the volume
is integrated over every possible scattering point.
Secondly, the scatter arising from activity outside
the axial FOV must be approximated. Thirdly,
implementation is complex. In contrast, the
proposed BS method measures scattered coinci-
dences directly from inside and outside the FOV,
works for single and multiple scatter in the direct
and oblique planes, is simple to implement, and
provides fast data processing.

5. Conclusions

This study has proposed an accurate scatter
correction method employing the beam stopper
device. It is a fast and simple technique based on
the direct measurement of scattered events coming
from inside and outside the FOV. Preliminary
results indicate that the BS method accurately

estimates the scatter distribution’s shape and
amplitude without using a scaling factor. The BS
method outperforms the DEW method in contrast
recovery, noise reduction, and accuracy. We
suggest that the installation the beam stopper
device with twelve 3-mm-radius lead stoppers
should be the optimal choice for abdomen scans.
The technique is amenable to corrections of
multiple scatter and scatter contributed from
activity outside the field of view.
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