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Technical Notes: FBP and EM reconstruction

A. Elhmassi®, K. Mazuz, K. Marghani and F. G. Elmzughi
Physics Department- University of Al-fatah, Tripoli-Libya

Reconstruction tomography, also known as computed tomography (CT) or
computer-assisted tomography (CAT) is a type of body-layer visualization,
which allows for complete exclusion of sections not under study. In this
technique, the x-rays or -rays used for imaging do not enter other sections
of the body, but pass through only the layer under examination, so that
unwanted planes are completely omitted. If a sufficient number of views or
projections are taken, the distribution of attenuation coefficients
(transmission) or radioisotope density (emission) within the layer may be
determined. In this paper we will examine the filtered back-projection (FBP)
and the expectation-maximization (EM) techniques and show the difference
between them.

1- Filtered back projection technique

The FBP image reconstruction technique is used in most commercial
medical scanners [1] and has proven to be extremely accurate and agreeable
to fast implementation. This technique can be given in a rather
straightforward intuitive rationale because each projection represents a
nearly independent measurement of the object.

Mathematical basis:

In mathematical terminology, the section under examination is described by
a density function f(x,y) (Figure 1) which represents the linear absorption
coefficient in the case of transmission imaging or the radioisotope
concentration in the case of emission imaging. X,y represent the coordinates
inside the object and the density in rectangular co-ordinates of the object
under consideration at the cross-section at which the imaging has to be

8 e-mail: elhmassi@hotmail.com
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done. A ray is defined as a straight-line path through the object, specified by
its angle () with respect to the x-axis, and its distance from the origin. A set
of these rays forms a projection. The line integral of f(x,y) along the ray is
called the ray-sum or ray-projection P (it is measured in a stationary
reference frame ). The function P is defined as:

¥ ¥
P,t) = f(x,y)d(xcosg+ysing -t) dxdy (1)

RVAY;

Where t is the perpendicular distance of the line from the origin (t is the
distance in a rotating frame of reference (see appendix A)). It is the
projection of a point in the y -axis. The integral transform consisting of the
integral of a function over the set of all lines is known as the Radon
transform in two dimensions. The above equation can be re-written as:

P(t.g) = f(xy) ds )

AB
s is the distance of the point (x,y) away from the X -axis.
Description:

Let s assume that we have a finite number of projections of an object, which
contains radioactive sources (Figure 2-A). The projections of these sources
at 45 degree intervals are represented on the side of an octagon. The process
may be described by the equation

N

Pj (t,g) = _ f(Xi7yi)DSj (3)

i=1

where, f(xi, i) is density of the ith pixel along the jth projection for a given
angular projection. s is the thickness of the line of projection.

The technique is illustrated in Figure 2, in which eight projection are
obtained by gamma camera around the object with 3 hot spots in the head.

()
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The 2-dimensional data- acquisitions technique points to the fact that each
single count in an image profile is the sum of all counts along a single line
through the depth of the object (Figure 2-A). The ray-sums are related to
the detector signal. The Radon transform data is often called a sinogram
because the Radon transform of a delta function is the characteristic
function of the graph of a sine wave. Consequently, the Radon transform of
a number of small objects appears graphically as a number of blurred sine
waves with different amplitudes and phases.

Projection

Figure 1: The function P (t) is the projection of a density function f(x,y)
at angle . [xy] is the rectangular coordinates of a point in a
tomographic plane and [x¢, y¢] is a rotating coordinate

system at an angle . P (t) is the ray-sum or ray-projection of
the point (x,y) along the line AB. t is the distance between the
line AB and the origin. s is the distance of the point (x,y)
away from the x¢- axis [2].

(3
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In the back-projection technique, each count is then projected back along the
line of collection perpendicular to the face of the detector; where by
individual back projected profiles superimpose to form an image. In other
words, the magnitude of each ray-sum is applied to all points (pixels) that
make up the ray. Figure 2-B illustrates the basic idea behind back
projection. The projection will interact constructively in the regions that
correspond to the emittive sources in the original image. The process may
be described by the equation

M

f(x,y)= | P(xcosg; +ysing,,q;)Dg 4)

=

where the summation extends over all projection angles ;. The argument
xcosg; +ysing; selects only those rays, which pass through the point (x,

y), while the factor represents the angular distance between adjacent

projections. The symbol f is used to emphasize that the density values
produced by the above equation are not equivalent to the true density f.

FOREN AT AT
B B - ﬁ 3N
N \“ui)/ S %)

Figure 2: Illustration of (A) projection and (B) back projection. A grid
was used to clarify the path of each ray-sum.

A

G

A problem that is immediately apparent is the blurring (star-like artefacts)
that occurs in other parts of the reconstructed image (Figure 3). Each sum is
applied not only to pixels of high density, but also to all pixels along the ray.

()
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The optimal way to eliminate these patterns is by filtering the projections
prior to back-projection.

It is beyond the scope of this paper to explain filtering [3] [4]. It will be
enough to explain that you may specify a cut-off frequency between 0 and 1
where one produces the noisiest image, which gets smoother as the cut-off
approaches zero. Note that smoothing causes a loss of resolution.

Figure 3: The right panel shows the reconstruction of the simulated
image (left panel). The star-like artefacts are present even
though the object was clearly reconstructed.

2- Expectation Maximization technique:

This technique is an iterative method. The term iterative refers to a method
of successive approximations in which an arbitrary starting image is chosen.
Then corrections are applied to bring it into better agreement with the
measured projections.

Mathematical basis:

The problem is to solve equation (2) for the density function f(x,y). For
iterative methods, this is done by approximating the object by an array of
cells of uniform density.

A square-shaped region can be defined that fully enclose the activity. By
discretizing the problem (as illustrated in Figure 4), this square-shaped

(5)
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region is sampled or subdivided into N small (cells) square-shaped picture
element (pixels, for short). The pixel represents a small cross-sectional area
in the gamma camera image that is determined by the gamma camera field
of view (FOV) and image matrix size. For example, for a 50.0 cm FOV
gamma camera, and 64 - 64 (or 128 - 128) image matrix, the pixel size would
be 7.8125 mm (or 3.90625 mm). Thus, the size of the pixel can be defined
as:

FOV

PZ
z- N

where FOV is the field of view of the scanner; z is the zooming factor and N
is the number of pixels.

Pixel size determines the spatial resolution in the digitised image. Spatial
resolution is defined as the smallest object represented in the image
occupies the space of one pixel. In order to observe two such objects, they
must be separated by the space of at least two pixels. Therefore, for a better
resolution, a bigger matrix size is preferred. However, if the 128 128 matrix
is selected for improved spatial resolution, the number of counts acquired
must be increased to retain similar count rate statistic in each pixel. On the
other hand, the resolution of the gamma camera system ultimately
determines the sampling rate required so that images are not degraded by
digitisation.

In order to avoid processing an infinite amount of projection data, each
profile is divided into strips, as shown in Figure 4. Each ray (the ray is really
a strip) has a finite width. In most cases, it is taken to be equal to cell width.

Description:

The ray-sums are made up of contributions from each cell intersected by the
ray. For the j" ray, equation (2) can be written as:

Pr=wy f+wy, f,+... +wy fy (5)

where w;; (weighting factor) denote the intersection of the i™ ray with i
pixel. In general w; is the fraction of events emitted in pixel i that are

()
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detected in projection bin (ray-sum) j. The length of intersection of the line
defining the ray with the pixel is one way of approximating this weighting
factor.

The reader can imagine that the object in Figure 1 is pixelisied and thus the
line AB shows what one row of pixels in a gamma camera would see as the
camera acquires an image at a given angle of projection ( ). In matrix form
this equation can be written as P = W F. The vector P and F represent the
measured data and the density matrices, respectively. The W matrix is
assumed to be known exactly and can include all physical factors affecting
tomographic projection measurements: radioactive decay, detector
efficiency and location, spatial resolution, attenuation, scatter, accidental
coincidences, and positron range.

i"cell

§\ —
\{ N ,
X

N N
N
N J " ray

N

//‘F\

/1/
/1/1/
/17

/17

/17

A

(@]

T

Figure 4: Ray geometry for iterative reconstruction. The object,
bounded by the dashed circle, is reconstructed on an NxN
array of cells (pixels). The rays have a finite width, here
taken to be equal to the cell width, c. The contribution of the
i cell to the j™ ray is referred to as w;; (shaded triangle).
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The length of intersection of the j™ line with i pixel can be used to estimate
the elements of the W matrix. An efficient algorithm for calculating these
lengths was developed by Siddon® [5]. In a digitized object placed in the
camera central field of view, each pixel value intercepted by the line of
response (LOR) is incremented by a value proportional to the path length of
the line of response crossing the pixel. This is illustrated in Figure 5, in
which the LOR crosses pixels a3, b3, b2, c2, and c1. Pixel c1 will have a
larger weighted value than the other pixels for the given LOR, since the line
crosses pixel c1 with a large fraction. The total path length of this LOR is
the sum of the length value of the line crosses at a3, b3, b2, c2, and cl.
Then, the linear projection profile for this LOR is,

Pogr =a3 f,,+b3 f,+b2 f,+c2 f,+cl f,

where fjj is the activity for the ij™ pixel.

“ L7
~

Figure 5: Line length method for calculating the path length of the LOR
(solid line) intercepted by each pixel, for a given angle of
projection. The length of interception at each pixel represents
the weighted factor for the corresponding pixel.

‘or. Andy Welch using IDL had written a code for this method. (email: a.welch@biomed.abdn.ac.uk)

(8)
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The procedure [6] starts by choosing a set of values for fi. For example, a
grey screen is often used as a constant density. Next projections are
calculated from the starting values. Then the image estimate is updated
based on the differences between measured and estimated projection data. If
the calculated ray-sum is small when compared with the measured value,
then each pixel contributes to this ray is increased in density by appropriate
amount. This will be done for all pixels and all rays. It marks the end of the
first iteration. The procedure is then repeated until the required accuracy is
achieved.

Simulation:

Two objects (Figure 6) were simulated using interactive data language
(IDL). Object A and B contain 280 and 208 pixels, respectively. Object A
contains different size of circles. The smallest and the largest circle enclose
9 and 89 pixels, respectively. In this simulation, we consider a conventional
rotating camera. The camera rotates about a fixed axis with a radius of 33.4
cm (~ 43 pixels) and has a dimension of 50.0 (transaxial) ~38.5 (axial) cm®.
The relation of pixel size to physical dimension is 7.812 mm/pixel. The
camera is divided into M (= 64) detector bins. The camera head views the
object over a 180° arc, making 32 camera stops (30 sec/stop). It is assumed
that each part of the object has the same activity concentration of 90
arbitrary units. All reconstructions were performed using a matrix size of
64 - 64 pixels.

Il Object

Figure 6: Two simulated objects and their sinogram. The activity
concentration is 90 arbitrary units.

9
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The mean square error (MSE) was calculated for statistical representation.
The MSE for the images after the n iteration is defined as:

(6)

where z{' is the true image distribution and x; is the estimated

reconstructed image for pixels i. N is the total number of pixels in the region
of interestt The MSE measures an average discrepancy between
reconstructed and true pixels in an image.

Results:

The image obtained by the filtered back-projection technique is not of the
highest quality. It is shown below in Figure 7. The filter we used in this
reconstruction is the ramp filter.

Figure 7: reconstructed images for object A and B, using filtered back-
projection algorithm.

The values of reconstructed, using filtered back-projection algorithm, and
simulated activity for both objects (A & B) are shown in Figure 8.

(10)
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object A m object B m simulated value

Figure 8: Reconstructed activity for both objects A (striped box) and B
(grey box). Also plotted the simulated activity (black box) for
comparison.

Following (Figure 9 and Figure 10) are some results for varied number of
iterations. We have shown the image after first iteration, after convergence
and few results in between to maintain continuity.

Watching the images after iteration is even more pleasing to the eye, when
the images are grouped together to form a video. This shows us how the
image changes drastically for the first few iterations and then it slowly
stabilizes and converges to form the final output.

As the number of iterations kept increasing, the current and previous image
kept getting closer and closer. One method we used to quantify this
closeness was the mean square error. The values of MSE for various
iterations are shown below (see Figure 11). The values of reconstructed
activity as a function of the iteration numbers are shown in Figure 12. The
true value is very well represented after ten iterations.

(17)
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Figure 9: Reconstructed images for 1,2, 5, 10 and 50 iterations (for
simulated object A).

Figure 10: Reconstructed images for 1,2, 3,10 and 50 iterations (for
simulated object B).

(12)
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Figure 11: Mean square error vs. number of iteration for object A and B.
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Figure 12: the reconstructed activity various number of iterations. The
black bar represents the true simulated activity (90 arbitrary
units). Also, the standard deviation for each reconstructed
activity is plotted.

Conclusion:

Analytical and iterative methods, which are used in medical imaging, are
considered in this technical paper. Filtered Back-Projection and Expectation
Maximization are one of the most used methods in clinical scanners. The
first is well used and known for its speed and the later is preferred for its
versatility. There is no harmony as to which method is best. It is likely that
different methods are better for different applications. Bellow there is few
categories one can measure up to these two methods and by no means; these
are not the only ones.

(13)
®




$_W_ Vol.9/N013(20 ) ——

Computational time:

The actual time required for image reconstruction depends on the program,
the computer, the size of the image and the number of projections. For a
64x64 image with 32 projections (size of the simulated images we used in
this paper), the iterative method (EM) requires 12 second per iteration on
Toshiba (satellite 1110) computer with a 1.8 GHz processor and a 512 MB
RAM. On the other hand, FBP requires only a second to view a complete
reconstructed image.

Noise and Accuracy:

Maximum likelihood estimation (iterative method) yields excessively noisy
images due to the non-uniqueness of the solution [7] [8]. The algorithmic
noise refers to the noise introduced into the reconstructed image due to
round off errors or imperfections in the reconstruction algorithm, which may
arise if the physical model incorporated into the algorithm does not describe
the actual photon emission, propagation and detection processes exactly.

In general, the algorithmic noise converges to a constant value as the
number of iterations increases. However, the image noise due to noise
components in the emission data and attenuation map [9] [10] [11] increases
as the number of iterations increases. The point where the algorithm noise
stabilises to a constant value may be taken as an indication that convergence
of the iterative reconstruction algorithm has been achieved [12]. Many
investigators have noticed that smoother images are obtained if the iterative
algorithm is stopped early, well before convergence [13] [14] or by
smoothing the images after reconstruction by use of a filter [15]. However,
these methods have the drawback of a loss of resolution [16].

Interpolation refers to the estimation of values between available data
points. Interpolation (linear) is required in filtered Back-projection during
the back-projection process. As we had mentioned before, blurring (star-
like artefacts) enforces a limit on accuracy.

Statistical Distribution:

Projection data are Poisson distributed variables with a mean equal to the
line integral, perpendicular to the projection bin, through the activity
distribution. For a large number of photons, the measured data are relatively

(12)
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close to the value of the line integral. Statistically, large counts assure that
the value of the measurement is very unlikely to differ significantly from the
mean value. Thus replacing the observable data by their mean will be a good
approximation.

For low count data (in practical cases, total dosage or time limitations
implies a small average number of counts for each projection), the measured
data can have a large deviation from the mean. Therefore, the above
approximation will not hold. This is the reason why analytical algorithms
such as FBP, which assume the measured data are equal to the line integral,
perform quite well with a high photon statistics, but poorly for low count
acquisitions [17].

Appendix-A:
Lets assume that [x, y] is the rectangular coordinates of a point in a

tomographic plane and [x¢, y¢] is a rotating coordinate system at an angle

(Figure A-1). The distance of the point P is r distance from the centre of
rotation, O. We define t to be the distance between the point P and
the yt¢ -axis and s to be the distance of the point away from the x¢ -axis.

From the triangle OPA, it is clear that:

. AP s OA t
siha=——=—, cosg=—=—
OP r OP r

From the triangle OPB,

BP:X; COS(&"'Q):%:E

sinf@+q) =—
@+q) OP r OP r

Thus,
y =r(sina*cosqg +sing*cosa)
y =t*sing+s*cosq (1)

and X =r(cosa*cosq -sina*sing)
X=t*cosqg-s*sing (8)

From equations 7 and 8, it may easily be shown that:

(15)
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t=xcosg+ysing ;and s=ycosqg-xsing

\°

Figure A-1: Coordinate systems. The[x¢, y¢] is a rotating coordinate system

at an angle . The point P is a distance r away from the centre
of rotation. It is a distance t and s from the y -axis and x"-axis,
respectively.
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Medical Images Storage Using Discrete Cosine Transform

Ali. M. Arhouma®, Khaled Marghani?, and Tawfik Ajaal*
'Department of Biomedical Engineering, Academy of Graduate Studies.
’Department of Physics, Faculty of Science, University of Al-fateh.
Tripoli, Libya.

Abstract

The advances in technology during the last decades have made the use of
digital images as one of the common things in everyday life. While the
application of digital images in communicating information is very
important, the cost of storing and transmitting images is much larger
compared to storage and transmission of text.

The main problem with all of the images was the fact that they take large
size of memory space, large transmission bandwidth and long transmission
time. Image data compression is needed to reduce the storage space,
transmission bandwidth and transmission time.

Medical image compression plays a key role as hospitals move towards
filmless imaging and go completely digital. Image compression allows
Picture Archiving and Communication Systems (PACS) to reduce the file
size on their storage requirements while maintaining relevant diagnostic
information. The reduced image file size yield reduced transmission times.
Even as the capacity of storage media continues to increase, it is expected
that the volume of uncompressed data produced by hospitals will exceed
capacity of storage and drive up costs.

This paper proposes a Discrete Cosine Transform (DCT) algorithm which
can help to solve the image storage and transmission time problem in
hospitals. Discrete cosine transform (DCT) has become the most popular
technique for image compression over the past several years. One of the
major reasons for its popularity is its selection as the standard for JPEG.
DCTs are most commonly used for non-analytical applications such as
image processing and digital signal-processing (DSP) applications such as
video conferencing, fax systems, video disks, and high-definition television
HDTV. Thay also can be used on a matrix of practically any dimension.

(18)
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The proposed (DCT) algorithm improves the performance of medical image
compression while satisfying both the medical image quality, and the high
compression ratio. Application of DCT coding algorithm to actual still
images gave good reconstructed images. For visual comparison,
decompressed images and original images were shown. Both the Peak
Signal-to-Noise Ratio (PSNR) and the mean square error (MSE) are used as
measures of the fidelity of decompressed images. Simulation results showed
that a good performance was demonstrated in terms of PSNR, bit rate,
computational complexity and direct comparison of original and
decompressed images.

Introduction

As our use of and reliance on computers continues to grow, so too does our
need for efficient ways of storing large amounts of data [1]. For example,
someone with a web page or online catalog - that uses dozens or perhaps
hundreds of images - will more than likely need to use some form of image
compression to store those images. Fortunately, there are several methods of
image compression available today. These fall into two general categories:
lossless and lossy image compression. The JPEG process is a widely used
form of lossy image compression that centers around the Discrete Cosine
Transform. The DCT works by separating images into parts of differing
frequencies. As a result, reconstructed images contain some distortion; but
these levels of distortion can be adjusted during the compression stage. The
JPEG method is used for both color and black-and-white images.

The Discrete Cosine Transform

DCT has been a very popular transform for many years. The fact that DCT
IS a near optimal transform is the main reason for its popularity. The optimal
transform up to now is Karhunen Loeve Transform (KLT). Even though it is
optimal, it has not been widely adopted due to the fact that it is very
computational complex and slow. DCT is very closely related to the
Discrete Fourier Transform. It is actually possible to compute DCT using
DFT [2]. The main difference between DCT and DFT is that DCT has only
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real values and it is comparatively easier to compute. The most commonly
used DCT definition [3] of one dimensional sequence of length N is

F(u):a(u)N—lf(x) cos @x+1)p (1)

2N

x=0

This may be expressed in matrix form as;

[F]=[r]1] @

The inverse transformation is given by

f(x)= _Oa(u)F(u)cos % ®3)

The inverse transformation in matrix form
[fl1=[T[F] (4)

[F]- N 1 column vector of transform coefficients ;

Where

[f]- N 1 column vector of data elements ;
[T]- N N matrix of basis vectors , and
for u=0
N (5)

N for u=12,., N -1

Equation (1) is defined for u = 0, 1, 2, 3 ..N-1. There are two kinds of
DCT coefficients; AC and DC.

The DC coefficient corresponds to the value of F (u) when u = 0. In other
words, The DC coefficient provides the average value of the sample data.
The rest of the coefficients are called AC coefficients.
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Based on the one dimensional DCT as described above, the two
dimensional DCT can be obtained as follows [4]:

Fl)=abat)  fy) cos LtR2

(2y +1)vp
N (6)

Ccos

This may be expressed in matrix form as;

[Fl=[rle]ir] ™

The two dimensional inverse DCT is given by

f(x,y): N-1N'la(u)a(V)F(u,V) cos M coS % (8)

u=0 v=0

The two dimensional inverse DCT in matrix form

[f1=[T [FllT] ©

Where
[F]- N N matrix of Transform coefficients;

[t]- N N data matrix ;
[T]- N N Transform matrix , and

N for u,v=20 (10)
N for u,v=1.2,., N -1

)a() =

It is clear from equation (6) that the two dimensional DCT is derived by
multiplying the horizontal one dimensional basis function with the vertical
one dimensional basis function. Both one and two dimensional DCT works
in similar fashion. One dimensional DCT is used mainly in 1D signals such
as sound signals because of its one dimensional nature, whereas, two

(57
@




*—W— Vol.9/N013 (20 ) —————

dimensional DCT is used in images because of their two dimensional
nature.

JPEG Compression:

JPEG compression algorithm scheme is shown in Figure (1).

The Process:

1. The image is broken into 8*8 blocks.

2. Working from left to right, top to bottom, the DCT is applied to each
block.

3. Each block is compressed through quantization.

4. The array of compressed blocks that constitute the image is stored in
a drastically reduced amount of space.

5. When desired, the image is reconstructed through decompression, a
process that uses the Inverse Discrete Cosine Transform (IDCT).

- ¥

— — Entropy | [Compressed
Image Encoder Diata

8x8 Block —rl'ﬂlﬁll'ﬂﬁ...

Encoder - Table

Compressed| | Eniropy
Data Decoder

13'.[:-11-1]3.._—|— 88 Block
Decoder
Table

Figure 1: JPEG scheme

Error Metrics:
In general, error measurements are used on compressed images to try and

quantify the quality of a picture. This quality is a very subjective measure as
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it may mean that the reproduced image is to be used for casual human
viewing (i.e., TV image) or it may be needed for precise, quantitative
measurement of some sort (i.e., medical image). These types and degrees of
degradation become quite dependent on the situation for which the picture is
being used. Getting a quantifiable measure of the distortion between two
Images is very important as one can try and minimize this distortion so as to
better replicate the original image. There are many ways of measuring the
fidelity of a picture g(x, y) to its original f(x, y). One of the simplest and
most popular methods is to use the difference between f and g. In its most
basic form is the mean square error (MSE) given by,

MSE = —2 U (F(xy) - g(x,y)? (11)

NN, yo1 xm

This is a very useful measure as it gives an average value of the energy
losses in the loss compression of the original image f. A human observing
two images affected by the same type of degradation will generally judge
the one with the smaller MSE to be closer to the original. A very small MSE
can be taken to mean that the image is very close to the original. However
the MSE has some problems when images with different types of
degradation are compared, the one with the smallest MSE will not
necessarily seem closest to the original.

Signal-to-Noise Ratio (SNR) is another measure often used to compare the
performance of reproduced images which is defined by,

1 N, N; )
NN f(x,y)
SNR =10 - log,, ——2 y;ﬂsé (12)

SNR is measured in dB’s and gives a good indication of the ratio of signal to
noise reproduction. This is a very similar measurement to MSE. A more
subjective qualitative measurement of distortion is the Peak Signal-to-Noise
Ratio (PSNR).
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(255)?

PSNR =10 - lo
910 MSE

dB (13)

PSNR is again measured in dB's, like SNR, but finds the ratio of the
maximum signal to noise. The maximum signal for an 8 bit image is 255
thus accounting for the 255 in equation (13). The PSNR measure is superior
to other measures such as SNR as it uses a constant value in which to
compare the noise against instead of a fluctuating signal as in SNR. This
allows the PSNR values received to be treated more meaningfully when
quantifiably comparing different image coding algorithms. For this reason
PSNR is used throughout image coding as a valid way to compare image
coding algorithms.

The distortion measures are, at best, a guiding value of how well the image
coder has processed the image. In the end the best measure of image coding
performance is the human eye itself.

What is truly required is an easy to compute error measurement that
accurately captures subjective impression of human viewers. Unfortunately,
this measurement tool is not yet available so that one is left with the
conventional error methods. Individually, MSE, SNR and PSNR are not
very good at measuring subjective image quality, but used together these
error metrics are at least adequate at determining if an image is reproduced
at a certain quality. After many of testing it was found, [5] that if an image
has a SNR value approximately above 30 dB, a PSNR value above 35 dB
and an MSE value below 20 the difference between the original and itself is
negligible to the viewer. These vary basic error threshold values will be
used throughout this thesis as a guideline to quantitatively evaluate how
well an image has been reproduced.

DCT Coding Results:

The DCT image coder was developed using MATLAB through a set of
MATLAB functions that were specially coded for use with images. The
DCT image coder was tested on several images, to see how it operates on
different types of images. The results for the set of test images can be found
in Table (1). The images were tested over three quality levels 90, 50 and 10.
The results of this DCT image coder are quite encouraging. For a quality
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level of 90 (quality factor of 0.5) for the image sets, an average rate of 1.02
bpp was achieved. Typically images with fewer high frequency components
(images with less edges and detail) may be compressed to a much higher
factor. This was due to the fact that these images being over sampled, and
therefore possessing a lot of redundant information. Due to the quality
factor being so low the error measurements for all the reproduced images
were excellent. As a PSNR value above 35 dB and a MSE value below 20 in
combination with each other generally indicated a compressed image that
had no perceptual difference from the original.

(d)

Figure 2: (a) Original "CT1" image.
(b) Reconstructed image with the quality 90- quality factor (0.5).
(c) Reconstructed image with the quality 50- quality factor(1).
(d) Reconstructed image with the quality 10- quality factor (5).
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A demonstration of this can be seen with the reproduced CT1 image in
Figure (2b). However, as the quality factor is increased the error
measurements start getting worse until a point is reached where it is possible
to see perceptual differences from the original image. This can be
demonstrated with the reproduced CT1 image in Figure (2c) at quality factor
1. Fortunately, this loss is only minimal and the compression ratio now
being achieved is closer to an average rate of 0.6 bpp.

This is extremely useful with the compression ratio almost being doubled
for a negligible loss in perceptual information. As the quality factor is
increased to 5 the error measurements start getting noticeably worse.

The PSNR being less than 30 dB, and the MSE average reading approaches
98. In this case the compression ratio has only been slightly improved to
around a rate of 0.2 bpp with a drastic deterioration in image quality.

This can be seen by looking at the reproduced CT1 image in Figure (2d) at
quality factor 5. If a closer look is taken at the reproduced image in Figure
(2d) a definite ringing effect can be seen to occur at the edges, such as
between the skull and the rest of the background. This is due to the
suppression of the high frequency components at this quality factor. Again
this is due to a lot of high frequency components in the image that are
suppressed through the quality factor quantization. From these results it can
be seen that DCT image coding is extremely powerful in removing
redundancies that occur in images such as over sampled of regions

Table 1: DCT coding results.

quality Image | MSE |PSNR(dB) bpp
Q10 CT1 58.9 30.4 0.2490
Q10 MRI 35.7 32.6 0.1838
Q50 CT1 11.9 37.3 0.4961
Q50 MRI 6.10 40.2 0.5303
Q90 CT1 6.5 40 0.6408
Q90 MRI 3.1620| 43.13 0.7427
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(©) (d)

Figure 3: (a) Original "MRI" image.
(b) Reconstructed image with the quality 90- quality factor (0.5).
(c) Reconstructed image with the quality 50- quality factor (1).
(d) Reconstructed image with the quality 10- quality factor (5).

Conclusion:

For DCT and other transform-based compression techniques, the cost-
function is the energy or frequency content of the image, which is
concentrated in the lower values. Compression is achieved through the
elimination of the higher energy or frequency values, which are less
concentrated and therefore deemed less important.

The main results obtained in this paper and the conclusions drawn from
these results are given below:
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The Discrete Cosine Transform provides a mathematical and
computational method of taking spatial data, dividing it into parts of
differing importance with respect to visual quality, and compressing
it into an accurate and overall high quality image.

The inverse DCT, allows decompression of an image frame that had
been encoded by the DCT, and hence transforms back to the time
domain.

DCT give a high compression ratio implies that the system is very
efficient in its ability to convert uncompressed input into compressed
output.

Distortion rate and achievable compression ratios are directly related
(a high compression ratio implies a high distortion rate).

The DCT has ability to control the distortion incurred by the high
compression (using the Q-Factor in JPEG)

DCT can perform the compression and decompression very fast, for
use in real-time applications.

DCT has the ability to achieve high compression ratios for the other
portions of the image, leading to significant savings in transmission
and storage requirements.

For application purposes the DCT is very practical and efficient, and
it is commonly thought of in regards to image compression for JPEG
and MPEG files.
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Determination of Cobalt and Manganese Percentages in
Paint Driers by Complex Formation Titration

Salah. M. Ben Ali

Tajoura Nuclear Research Center; P. O. Box: 30878 Tripoli, Libya.

The use of paint can be seen in everyday life. However, authorities in many
countries have laid down strict regulations on toxic metal content of paints
for toys, domestic appliances and other applications. An insisting demand
for quick and reliable monitoring techniques arose since. Driers, which are
the main additive used in paints, contain heavy metals.

Complex formation titration is carried out to determine the percentages of
cobalt and manganese in different paint driers utilizing EDTA titration
method. For cobalt determination, eight different samples were dissolved in
an acetic acid solution diluted with ethanol and water, then treated with an
excess of EDTA solution. PAN indicator was used as the metal indicator.
The excess was titrated with cupric acid. The average cobalt content was
0.0710 %.

The manganese-containing samples were a benzene-soluble and EDTA was
used. Eight dissolved samples were treated with EDTA and then titrated
with zinc chloride solution. Eriochrome Black-T was the indicator. The
mean manganese content was 0.0431 %.

Paint is a mixture of curing compound and pigment that is used to impart
protection and appearance. Paints are composed of a pigments dispersed in
the binder and the volatile vehicle. The pigment usually is titanium dioxide
or zinc oxide and is used to impart different colors. The binder is composed
of drying oils and resins and is used to stabilize the pigment dispersion. The
volatile pigment, which is either hydrocarbons or water, is used for ease of
application. The pigment and the binder dry together to form a solid film;
However, the volatile vehicle evaporates upon application and does not
form part of the solid film. Various additives are added to obtain specific
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properties. Metallic driers, which are the most important group of metallic
soaps, amount to less than 1% metal of the total metal content; therefore,
they are considered the most important additive.

Metallic soaps differ from normal soaps by their composition and
insolubility in water. Metallic soaps are compounds that contain heavy
metals combined with certain monobasic carboxylic acids. The metallic
elements incorporated into driers include cobalt, iron, lead, manganese, and
zirconium. Typical acids being used currently include tall acid, fatty acids,
natural monocarboxylic acids with 7 to22 carbons, and naphtenic and
2-ethylhexanoic acids. Metallic soaps have the formula (RCOQO)xM, where
R is an aliphatic or alicyclic radical and M is the metal cation. The amount
and type of the metal , and the nature of the organic acid determine, to some
extent, the properties of metallic soaps, hence the paint.

Driers are used to accelerate the change of the liquid vehicle to an elastic
solid in a reasonable time. The drying process is sped by the metal cation.
Cobalt, iron, lead and manganese soaps are the primary driers. Table (1)
shows the various applications of metallic soaps.

Table 1: Various applications of metallic soaps.

Metal Application
Ba, Cd, Sn, Sr Stabilizers
Cu, Hg, Zn Fungicides
Co, Cu, Mo, Mn, Cr, Ni Catalysts
Ca, Fe, Mn, Pb, Co, Zn, Zr Driers
Ba, Fe, Mg, Mn, Pb Fuel additives

Metallic soaps are manufactured as pastes, liquids and solids. The physical
condition of driers is determined by the amount and the type of the metal
used the type of the acid present, and the presence or absence of other
additives. Specific properties are controlled by adjusting the basicity and
method of manufacture. Generally, metals of high atomic weights, such as
zirconium, form metallic driers with low melting points. High molecular
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weight saturated and strait chain monobasic carboxylic acids produce high
melting point driers. Driers attribute their many uses to their solubility in
organic solvents.

The color of the driers is entirely dependent on the organic starting
materials, and the concentration of the metal present. In general, the higher
the metal content the darker the drier. Moreover, the content of the driers is
usually reported. In some cases, the oxide of the metal is only reported;
should this be the case, a chemical analysis must be carried out. The
procedure involves the isolation of organic acid by oxidation. The amount
of metal is determined analytically using EDTA titration method.
Absorption spectrophotometery is rarely employed. Table (2) shows some
properties of selected metal paint driers.

Table 2: Some properties of selected paint driers.

Properties Cobalt Manganese Lead Zinc Zirconium
Metal% 6,12 6,9,10,12 24,30,36 | 8,16,18 | 6,12,18,24
Red- Red-Brown Faint- Faint- Faint-
Appearance Violet Liquid Yellow Yellow Yellow
Liquid Liquid Liquid Liquid
Sp. Gravity @
30 C 0.86-0.89 0.89-0.91 0.99-1.0 | 0.86-0.89 | 0.85-0.87
Viscosity
Ford cup @ 12-15 20-22 22-24 18.21 20-22
30 C

The amounts of driers used in paint differ from one type of paint to another.
For example, the powerfully oxidizing cobalt based driers are added in
quantities of 0.005-0.040 % cobalt based on the vehicle content. In paint,
cobalt is used in conjunction with 0.05-02.0 % soaps to slow down the rate
of oxidation. Hard films are obtained by using manganese driers in
conjunction with lead soaps which are both polymerizing and oxidizing
catalysts. Lead based driers function as polymerization catalysts that
promote hardening throughout the paint film; this type of driers is used in
outside paints and baking enamels. Calcium and zinc based driers mixed
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with an active drier, e.g. manganese driers, produce hard films with desired
character. Iron based driers are limited to the black and brown coatings.
Starting point levels for various metal driers are listed in table (3).

Table 3: Starting point levels for various metals driers.

Drier Starting point levels for various metal driers
Cobalt 0.01 0.1% Metal
Manganese 0.02 0.1% Metal
Lead 0.35 0.5% Metal
Calcium 0.1 0.3% Metal
Zirconium 0.1 0.3% Metal
Cerium 0.1 0.3% Metal
Zinc 0.1 0.15% Metal

In paint, drying is achieved by the evaporation of the volatile vehicle upon
exposure to air and light, and by polymerization and oxidation of the linseed
oil. The role of driers in forming an elastic solid film is that drying oils
absorb oxygen from the atmosphere and evolve carbon dioxide and water
during drying. Linseed oil containing and exposed in pure oxygen, absorb
large volumes of the gas over a period of several days. The total amount of
gas taken by the linseed oil films at solidification is lower when a drier is
present. At the same time, approximately the same amount of carbon
dioxide is evolved whether a drier is present or absent. During the drying
process, the value of the film gradually decreases and the apparent
molecular weight increases, indicating a decrease in the degree of
polymerization. Recent studies of the drying process have shown that some
intermediate stages occur during the process.

Complex ions or coordination compounds are formed by the reaction of
metal ions with electron pair donors known as ligands. The water molecule
is a typical ligand. Complex formation is based on a group of coordination
compounds known as chelates. A chelate is usually formed by coordination
of a ligand with more than two unshared electron pairs and a cation. For
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example, copper (I1) forms a chelate with glycine (NH,.CH,.COOH). The
copper forms bonds with the nitrogens of the amine group as well with the
oxygens of the carboxylic groups. A chelating agent with one donor group is
called monodentate. Bi, tri, tetra  and hexadentate ligands are available as
well.

Most of complex formation titrations, which employ chelating reagent for
the coordination compounds with cations, are completed in only one step.
The advantage of formation of one complex is illustrated by the reaction of
tetracoordinate metal ion (X) with a monodentate (M), bidentate (B) and
tetradentate (T) ligands. The reactions between X and M, B and T are:

X +4M <<X|\/|4 , Kl:.[_][_]
X|[4M

X +2B <« XB, K, =

X+T «< XT , K; =

Curves for end point detection are simply a plot of p functions versus
reagent volumes. Figure (1) shows titration curves of a reaction with an
overall equilibrium constant of 1.0  10%. Curve A is for the formation of
[XT] in one step. Curve B shows the formation of [XB;] in a two step
process. The last curve C, illustrates the formation of [XMy]. These three
curves demonstrate the clear superiority of a ligand that combines with
cations in a 1:1 ratio because the change of pM at the equivalence point
region is a maximum in such system. The data for this plot requires the use
of the formation constant. It has been proven that titration error smaller than
one percent can be expected if the formation constant of 1:1 ratio complex is
10® and the reactant concentration is at least 10~°F.
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Figure 1: Curves for complex formation titration.

Ethylenediaminetetraacetic acid [EDTAC10H16N2Og ], is one of the most
widely used chelating reagents. Many tertiary amines that contain
carboxylic acid groups do from stable chelates with many cations too. The
structure of EDTA is:

HOOC-CH, ~_ , CH,C-COOH
N-CH,-CH,-N
HOOC-CH, 7~ N\ C H,-COOH

The equilibrium constants for dissociation of the hydrogens of EDTA are:

Ky= 1.02 1072 Ks= 6.92 107’
K,= 214 107 Ks= 550 107M

The first two protons are lost much more easily than the last two.
Moreover, the nitrogen atoms exhibit an unshared pairs and the four
hydrogens in the carboxylate will form six bonding sites with a metal.
Therefore, EDTA is classified as a hexadentate ligand. EDTA forms
complexes with all cations in a 1:1 ratio to form the basis for EDTA
volumetric titration analysis. The stability of these cations attributes to the

(32)
&)



$_w_ Vol.9/N013(20 ) ——

EDTA's six sites that are available for coordination bonding. Equilibrium
calculations depend on the pH of the medium in which the analysis is
carried out. The indictor being used responds directly to the change in
concentration of the free ion X™. This concentration is dependent on the
molar concentration of the specie Y™ which is the ordinate for titration
curves.

The cations being titrated tend to form hydroxides or hydrous oxides at pH
of the end point. This causes the EDTA titration to be very complicated.
However, the cations are kept in solution by introducing an auxiliary
complexing agent. The solution must be buffered to pH where a reaction
between the cation and titrant goes to completion. Ammonia and ammonium
chloride are common buffer solutions. For example, if zinc (11) were titrated
in a medium of ammonia and ammonium chloride, ammonia complexes
with zinc (I1) to prevent the formation of zinc hydroxide.

Eriochrome black T, a tribasic acid, and its anions are of different colors. It
is widely used as metal indicator. The acid base equilibrium reaction for this
indicator is:
H,In™ + H,O HIn® + H30" (1)
Red blue

At the end point, the color changes as a result of the removal of the metal
from the indicator.
Xin~ + HY¥® HIn% (2)
Red blue

At high pH values (7 or above) HIn™ in equation (1) dissociates to In~3,
Since few cations are stable at the end point, the conditional constant for the
cation-indicator chelate should be less than one tenth that of the cation-
EDTA chelate.

EDTA Titrations

There are four most common EDTA titrations. First method involves direct
titration with EDTA and reactions for which an end point detection method

(a5)
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is available. In cases when direct method fails, back titration is applied.
Back titrations are applied for cations that posses very high stabilities that
are not appropriate for end point detection. In this method, a back titration
with standard magnesium solution determines excess EDTA. Third titration
deals with samples to be titrated by displacement. They are first washed
with excess Mg-EDTA solution to form stable complex. The reaction is:

MgY & + X** XY? + Mg* (3)

Mg*? are titrated with standard EDTA solution. Last, alkalimetric titration,
where the disodium salt of EDTA is added to neutralize the analyte cation.

X% +H,Y?> XY +2H* 4)

Interferences due to the presence of other metals are eliminated by
introducing appropriate masking agents.

Determination of Cobalt

Cobalt, which is a strong oxidative drier, is the most important active drier
metal that affects rapid surface drying. It is the most widely used metal
drier and is often referred to as a surface drier. Cobalt, when used alone,
could cause wrinkling of some coatings due to fast surface cure. Therefore,
it is used in conjunction with other metals to provide a better uniform cure
and a smooth finish. It is used almost exclusively in printing ink driers
because the rapid stacking of printed matter demands extremely fast drying.
It is usually added at 0.01 to 0.1 % metal based on vehicle solids.

An excess of EDTA standard solution is used to determine the cobalt
content of paint driers that were dissolved in acetic acid diluted with ethanol
and water. The excess then titrated with solution of standard cupric sulfate.
PAN indicator was used. The chemicals used in this whole work were all of
high purity analytical grade plus double distilled water. The chemicals are
listed below:

1. Ammonium chloride - NH,CI
2. Ammonium hydroxide - NH,OH
3. Cupric sulfate pentahydrate - CuSO,. 5H,0
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4. Acetic acid - CH3CO,H

5. Isopropyl alcohol - (CH3),CHOH

6. (1(2-Pyridlyazo)-2Naphtol). PAN indicator
7. Sulfuric acid - H,SO4

8. Sodium acetate - NaC,H30,

9. Sodium chloride NaCl

10. Sodium hydroxide solution NaOH
11. Eriochrome Black-T indicator

12. EDTA CyoH16N20s

13. Methyl red indicator

14. Zinc oxide ZnO

Table (4) illustrates the preparation of chemicals used for cobalt analysis.

Table 4: Preparations of chemicals used for cobalt analysis.

Chemical Weight used (g) Solution Volume (ml)

1 Methyl red 0.2000 Water 100
2 | PAN indicator 0.1080 Ethanol 100
3 | Eriochrome B-T | 0.2011 g indicator + 100 g NaCl -

4 | EDTA solution 18.6223 Water 1000
5| Cupric sulfate 12.5017 water 1000
6 | Sodium acetate saturation water 1000
7 | Buffer solution | 67.5095 g NH,CI | 750 ml NH,OH 1000

pHI10 (250 H,0)

EDTA solution was standardized in order to calculate its molarity. 1.5
grams of zinc oxide were added to 10 ml of sulfuric acid and diluted to the
500 ml mark. Three 50 ml aliquot were pipeted into 500-ml Erlenmeyer
flask containing 100 ml water, 2 drops of methyl red indicator, and
neutralized with sodium hydroxide solution. 0.2010 g of Eriochrome Black-
T and 5 ml of the buffer solution were added. The aliquots were titrated to
blue color with EDTA solution. The molarity of EDTA solution was
calculated to be 0.05 M. The cupric sulfate solution was standardized with
standard EDTA solution using the PAN indicator. The molarity was
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calculated to be 0.05 M. The cobalt analysis was carried out according to
the following procedure:

1.0 g of each sample was weighed out in 500 ml Erlenmeyer flask.
5 ml of acetic acid were added to each flask.
5 ml of acetic acid were added to an empty flask (blank).
The samples and blank were completely dissolved on a hot plate.
Then, the following chemicals were added to each flask
200 ml of ethanol
6 ml of concentrated NH,OH
50 ml of EDTA solution
10 ml of N&CzHgOz
6. The flasks were warmed in steam for 5 minutes.
7. 2 ml of PAN indicator were added to each flask.
8. All aliquots were titrated with cupric sulfate solution to blue end point.

ko E

The cobalt percentages were calculated according to the following equation:

Co % =[(S-B) x MF x 100] + W
Where,

ml of CuSO,. 5H,0 used for titrating the blank

millimolecular weight of the cobalt

molarity of the CuSO,. 5H,0

ml of CuSO,. 5H,0 used for titrating sample
W = weight of sample

The determined cobalt percentages are tabulated in table 6.

(/)ZTICD

Determination of Manganese

Manganese is another active oxidative drier metal that promotes a greater
polymerization than cobalt. Zinc and Calcium is sometimes used along with
manganese to further protect against staining. Use of excess manganese will
result in wrinkling and skinning. As with cobalt, manganese is used with
lead, zinc or calcium. Often, systems such as manganese, cobalt and lead are
used. It is usually added at 0.02 to 0.1 % metal based on vehicle solids.

(38)
&




$_w_ Vol.9/N013(20 ) ——

Benzene-soluble paint driers were analyzed to determine their content of
manganese. The samples were dissolved in ethanol and benzene and treated
with excess EDTA solution; this excess was titrated with zinc chloride
solution. Eriochrome Black-T indicator and a masking agent were used
too. The chemicals that were used in this analysis are listed below.

1. Ammonium chloride - NH,Cl. 2. Ammonium hydroxide - NH,OH.
3. L-Ascorbic acid CgHgOsg. 4. Benzene - CgHs.

5. Eriochrome Black-T indicator. 6. Pure ethanol - C,HsOH.

7. Disodium salt of EDTA. 8. Conc. hydrochloric acid - HCI.
9. Sodium chloride NacCl. 10. Zinc - Zn.

Table (5) illustrates full description of the preparation of chemicals used for
manganese analysis.

Table 5: Preparations of chemicals used for manganese analysis.

Chemical Weight used (g) Solution | Volume (ml)
1 Zinc chloride 3.2690 Water+50 1000
(0.05 M) ml dil. HI
2 | Eriochrome B-T 0.2011 g indicator + 100 g NaCl -
3 EDTA solution 18.6220 Water 1000
4 Buffer solution 54 g NH,CI 350 ml 1000
NH,OH (650 H,0)

40.0 ml of the EDTA solution were added to 10 ml of benzene, 100 ml of
ethanol, 15 ml of buffer solution, and 0.2 g of indicator. After mixing, the
solution was titrated with standard zinc chloride solution. The first
permanent appearance of red color signaled the end point. Hence,
standardizing the EDTA solution, the molarity of EDTA solution was
calculated to be 0.05 M. Portions of the samples were centrifuged until
samples became clear. Three 1.00 g spices from each sample were weighed
in 400 ml beakers. To the samples 10 ml of benzene and 100 ml of ethanol
were added. The mixture then was swirled. 40 ml of ethanol, 0.200 g of
indicator, 0.300 g of L-Ascorbic acid and 15 ml of buffer solution were
added while mixing and swirling. Zinc chloride was used to titrate until the
first permanent red color, which signified the end point.
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The manganese percentages were calculated according to the following
equation:
Mn % =[ (BM") - (AM) 5.495]+C

Where,
B = ml of EDTA used
M’'= molarity of EDTA
A = ml of ZnCl, titrated
M= molarity of ZnCl,
C = grams of sample used
The determined manganese percentages are tabulated in table (7).

Table 6: Cobalt percentages.

1 SC-1 0.0762
2 SC-2 0.0194
3 SC-3 0.1006
4 SC-4 0.0668
5 SC-5 0.0755
6 SC-6 0.0498
7 SC-7 0.0996
8 SC-8 0.0801
AVG

Table 7: Manganese percentages.

SM-1 0.0900
SM-2 0.0177
SM-3 0.0099
SM-4 0.0385
SM-5 0.0712
SM-6 0.0528
SM-7 0.0445
SM-8 0.0200
AVG 0.0431
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Conclusion:

Metallic elements occur as principle constituents in organic pigments and in
additives to drying materials of paints. Paint driers contain heavy metals
combined with specific carboxylic acids. They are used to hasten the drying
process of paints. However; they are undesirable because of their toxic
properties, negative contribution to environmental pollution and they affect
the color or stability of the product. The rapid technological advancement of
paint improvement and manufacture is creating an insisting demand for
quick and reliable monitoring techniques. Chemical composition is one
important parameter that must be tested. The normal procedures involve the
isolation of the organic acid by oxidation. The amount of metal is
determined analytically using EDTA titration methods EDTA, which is
available in relatively high purity, forms 1:1 complexes with most metal
ions and is very popular reagent for titrations. Eriochrome Black T is used
as an indicator for EDTA titrations. It is a tribasic acid and its anions are
different in colors; it is thus a pH indicator. The EDTA method was proven
to be consistent and accurate. Those two procedures were tedious and time
consuming though. No reference materials were available as control
samples. All results were impressively within the accepted range.
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Calculation of Radiation Dose from a Cloud of Radioactive
lodine using Voxel Phantoms and Monte Carlo Methods
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Abstract

VMC-dc is a computer program that simulates the irradiation of the human
body by external sources. It uses a voxel phantom produced at Yale
University and the Monte Carlo technique to simulate the emission of
photons by a point, ground, cloud source or X-ray source. It then transports
the photons through the human body phantom and calculates the dose to
each body region

This paper shows firstly the validation of VMC-dc by comparison with
Federal Guidance Report 12. The source for the submersion dose
calculations is a semi-infinite cloud containing a uniformly-distributed
amount of activity of 31 emitter photons of unit strength (1 Bg.m™)
surrounding a human phantom standing on the soil at the air-ground
interface. Secondly the program VMC-dc was then applied to the
calculation of the effective dose and the total dose received by each organ /
tissue due to a quantity of **'I released into the environment at 45 GBq
(Fleurus nuclear accident).

For the validation of VMC-dc code, results show a good agreement for the

effective dose due to cloud immersion obtained using VMC-dc and Federal
Guidance Report 12. The accumulated effective dose received by
hypothetical person living in the exposure area for 3 months due to a
quantity of **I released into the environment at 45 GBq is 3.4 nano Sv.

Introduction:

Radioactive releases from various nuclear facilities may contribute to
radiation exposure through an external exposures by direct radiation from
plumes or deposited radio-nuclides and internal exposures due to inhalation
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and ingestion of radioactive material. Exposure to I, especially in

childhood, increases the risk for hypothyroidism, thyroid nodules, and
cancer [1].

The radiation dose depends strongly on the temporal and spatial distribution
of the radionuclide to which a human is exposed. Estimation of the dose to
tissues of the body from radiations emitted by an arbitrary distribution of a
radionuclide in an environmental medium is an extremely difficult
computational task [2].

VMC is a computer program that simulates the irradiation of the human
body by external sources. It uses a voxel phantom produced at Yale
University and the Monte Carlo technique to simulate the emission of
photons by a point, ground, cloud source or x-ray source. It then transports
the photons through the human body phantom and calculates the dose to
each body region [3].

The mode considered in this work for external exposure is a semi-infinite
cloud containing a uniformly-distributed amount of radioactive **'I emitter
photons surrounding a human phantom standing on the soil at the air-ground
interface. Calculations of the effective dose and the dose received by each
organ / tissue, as performed for this work, involve the validation of
VMC-dc by comparison with the Federal Guidance Report 12 and the
situation - Fleurus nuclear accident - of a gaseous leak of a quantity 45
GBq of **1 radioisotope [4].

Method and Material

The work performed for this paper, involve tow steps:

1. The validation of VMC-dc, was made for a semi-infinite cloud of
activity concentration (1 Bg.m™). The effective dose was calculated
and compared with the value given in the Federal Guidance Report

12 [2].

2. The situation of a gaseous leak of a radioisotope of iodine, *1, that
was detected at a large medical radioisotope laboratory (August 23-
24, 2008 Fleurus, Belgium) was considered. The quantity of
radioactivity released into the environment was estimated at 45 GBq
Bl [4]. The radionuclide concentration is assumed to remain
constant for every exposure period of 8 days (ty of ). The
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gamma-ray dose received by an individual on the ground at the
center of a semi- infinite hemisphere cloud of radius 5 km was
calculated by running VMC-dc code for exposure period of three
months. For a hypothetical person remaining three months at the
exposure area, the total dose received by each organ / tissue is shown
in Table 1 whereas the accumulated effective dose as function of
time is shown in Fig 1.

Table 1: Total organ/tissue doses for three months of exposure.

Organ/Tissue | Organ Doses in nano Gy
Gonads 3.444
Bone marrow 2.719
Colon 2.549
Lung 2.997
Stomach 2.375
Bladder 3.661
Liver 2.819
Oesophagus 2.997
Thyroid 9.965
Skin 4,183
Bone surface 4.341
Adrenals 10.737
Brain 3.999
Upper large int 2.336
Small intestine 2.359
Kidney 3.219
Muscle 3.520
Pancreas 4.90
Spleen 3.060
Eye lens 9.522
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Results and Discussion:

The effective dose values obtained by using VMC-dc program and that
published in Federal Guidance Report 12 are 14.3 and 18.2 femto Sv per
Bq.s.m™ respectively.

The differences are due to the two types of simulators used FGR:
geometric, VMC: voxel are quite different. More over the difference in the
results is due to air conditions and gender-specific phantoms considered in
the calculation.

VMC-dc program was running for 1.5E09 histories because for the small
tissues such as eye lens, adrenals and the thyroid, the lower the number o f
photon interactions in that tissue, the large number of histories required
before the calculated dose becomes more representative. Other wise the
tissue doses are reported as average doses.

The total organ/tissue doses for a period of three months of exposure, is
shown in Table 1for submersion in a semi-infinite cloud source of 45 GBq
31, as calculated for this work. Eye lens, adrenals and the thyroid doses
have largest values. However they have small tissue weighting factor
comparing to the other organs, thus it has a little contribution to the
effective dose. Fig. 1 shows a total dose accumulated over the time period of
three months. This paper dealt only with external exposure; the problem of
internal contamination was not considered. External exposure due to
immersion in contaminated air or water or to radiation from an overhead
plume usually makes only small contribution to the total dose received by
members of the public [5]. Fall-out of radioiodine was one of the most
important factors in human irradiation in the contaminated areas.
Radioiodine from food and inhalation accumulates in the thyroid gland,
where it may produce large doses. Almost the entire dose is due to -
particles. **'I was the predominant source of exposure during the first weeks
after the accident, but its contribution was negligible thereafter when
compared with long-lived nuclides like *¥'Cs and *Sr, owing to its half-life
of eight days [5]. This is what has been illustrated in Fig. 1.
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Figure 1: Accumulated doses as a function of time.

Conclusions:

The results show that the Monte Carlo program and voxel

phantoms can provide adequate photon transport results.

The validation of the code to existing standards provides confidence that
the results are consistent and confident.

VMC-dc is a computer code that can be confidently used to evaluate
radiological releases to the environment. Moreover VMC-dc makes dose
calculations simpler.

Although **'1 is a short-lived radionuclide, it may contribute significantly to
the dose in the first weeks after a release.
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Geometrical and Source Broadening Corrections for High
Gamma-Ray Compton Spectrometer

Samir A. Hamouda

Department of Physics, University of Garyounis, P.O.BOX 9480, Benghazi,
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Abstract
General aspects of Compton scattering theory are introduced. Data analysis
procedure for the -ray experiment is outlined. The Geometrical Broadening
Function Correction and Source Broadening Function Correction for the -
ray experiment are discussed.

Introduction:

Compton scattering is a technique for determining the momentum
distribution of electrons in condensed matter. WWhen monochromatic photons
are Compton scattered (in-elastically scattered) in a fixed direction, the
observed energy spectrum of the scattered photons is Doppler-broadened
due to the motion of the target electrons. This broadened line shape, referred
to as the Compton profile, J(p;), can be analyzed to yield detailed
information about the electron momentum distribution, n(p), in the
scatterer. Within the impulse approximation [1], the Compton profile, J(p,),
is defined as the projection of the ground state electron momentum density
distribution, n(p), along the scattering vector (chosen as the p, axis) and is
given by;

J(pz) = n(Px Py, P2) dpxdpy 1)

Therefore, in Compton scattering experiment all the available information
about the electrons initial state is contained in the distribution of the
inelastically scattered radiation, i.e. the Compton profile. A detailed review
of this topic can be found in [2-3].

Over the range of energies below 1MeV, the Compton cross-section is
proportional to the atomic number Z whereas the photoelectric cross-section
is approximately proportional to Z* / ;*> where 1 is the incident photon
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energy. This implies that the ratio of Compton to photoelectric cross section
is approximately proportional to 1* /Z3. For 662 keV gamma ray radiation,
the Compton cross section is greater than the photoelectric cross section up
to about Z=90 [4]. For example, if Compton profile measurement is to be
carried out using x-ray energy of 15 keV compared to gamma ray energy of
662 keV, the gamma ray experiment will gain a factor of about 10° in time
for the same sample and the same source strength. As a result, the higher
energy of the gamma ray makes Compton profile measurements to be
performed on a wide range of high Z-materials and their alloys [5] which
are completely impractical at the present x-ray energies.

However, before the data can be interpreted, a series of energy dependent
corrections have to be applied [6-7]. In this paper only the Geometrical
Broadening and Source Broadening Function corrections are discussed.

Geometrical Broadening Function Correction:

The geometrical broadening results from the beam divergence due to finite
collimation. The uncertainty of the scattering angle, due to beam
divergence, results in an energy dispersion which broadens the experimental
profile. Therefore, in order to minimize the asymmetry as well as improving
the accuracy of the experimental profile, the effects produced by the
geometrical broadening must be removed from the measured profile.

Since the geometrical broadening can not be measured in an independent
experiment, it is calculated by Monte Carlo simulation of the ray path. In
this calculation only one slit collimator for both source and detector was
considered. Figure 1 shows the shape of the geometrical resolution function
obtained from the simulation for 100,000 photons. The simulated angular
intensity distribution curve is approximated by a polynomial of an 8" order
in order to remove the random statistical fluctuations from the calculated
intensity distribution. As can be seen from figure 1, the geometrical
resolution function is a Gaussian with FWHM = 0.5 au. (la.u. of
momentum is 2.0-10%* kg.m.s™). The objective of data correction
discussed in this section is to deconvolute the geometrical resolution
function from the experimental profile.
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Figure 1: The calculated geometrical resolution function for the **'Cs
spectrometer.

In data analysis, the geometrical resolution function is convoluted with the
detector resolution function [8] and then deconvoluted from the
experimental data by means of the fast Fourier transform method.

Source Broadening Function Correction:

The source broadening arises from the fact that the incident mono-energetic
photon radiation can be degraded by inelastic scattering within the source
and emerges with a wide range of lower energies, thus contributing to
Compton profile asymmetry. Therefore, in order to minimize the Compton
profile asymmetry, the spectral distribution of the inelastic scattering within
the source has to calculated and removed from the experimental profile. In
the present studies, the source broadening function of the *3’Cs disc source
(6 mm diameter and 4 mm thick) was calculated by Mote Carlo simulation
developed by Rollason et. al.[9]. To remove the effects produced by the
inelastic scattering within the source, an additional deconvolution correction
is required. When this correction is applied, the deconvoluted profile is then
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convoluted with a Gaussian of FWHM equal to the experimental resolution.
Figure 2 shows the effect of this correction on the Compton profile
asymmetry [(+p2)-(-pz)] in (%) of the final Compton profile.

The overall effect of all the deconvolution corrections discussed in the
present data analysis procedure is to remove the low energy asymmetry of
the final Compton profile and smooth the experimental data. Accordingly,
the theoretical profile must also be convoluted with a Gaussian of FWHM
equal to the experimental resolution before comparing it with experimental
profile.

= without SB Corr.

° with S8 corr.

50 |

Asymmetry (%)

-50 . = - 0

Momentum (a.w)

Figure 2: The effect of the source broadening correction on the Compton profile
symmetry.

Conclusion:

In the previous sections the sensitivity of the Compton line shape to data
corrections has been discussed in detail. Therefore, in order to minimize the
asymmetry as well as improving the accuracy of the experimental profile,
the effects produced by the background, the geometrical broadening and
source broadening must be removed from the measured profile. If
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undetected error is introduced in these corrections it will make the
interpretation of the final results very difficult.
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Abstract

Meat strips were dipped in three different concentrations (2, 4 and 8%) of
sodium chloride (NaCl) each containing 120 ppm sodium nitrite combined
with 300 ppm ascorbic acid for 30 minutes at ambient temperature. Pre-
treated meat samples were then divided into two equal batches and
subjected to solar or oven drying. Untreated meat samples were used as
control. Both meat samples were kept in plastic containers for two months at
room temperature. Samples of meat were taken just after drying and during
storage period of two months. Then physiochemical (moisture content, total
lipid, total protein and pH) analyses were carried out. Results demonstrated
that physicochemical analyses of meat samples treated with salt and
preservatives decreased gradually. The decrease was proportional to the
increase in NaCl concentrations. During storage period of two months total
protein and lipid showed a decrease, meanwhile moisture content and pH
slightly increased. No significant difference was observed between meat
samples dehydrated using oven and solar drying. Therefore solar drying
should be considered the best due to its energy cost.

Introduction

The drying of meat is one of the least expensive and most effective way to
preserve meat. Combinations of water activity and sub inhibitory levels of
anti microbial agents were effective in inhibiting bacteria [1].To extend the
shelf life of meat products; traditional preservation methods using sun-
drying and salting techniques have been used. Many developing countries
are still preparing traditional dried products for human consumption [2].
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Sun dried meat is called locally in some African countries Sharmoot.
Sharmoot is traditionally prepared by cutting beef into strips, then sun dried
for 3 to 5 days and grounded into powder. This procedure results in an
extensive contamination by micro organisms and dirts [3].

Combinations of sodium chloride and sub inhibitory levels of anti microbial
agents were effective in controlling microbial growth during sun-drying and
dehydration process [4]. Dried meat products are stable in ambient
temperature and are produced in nearly every country in the world,
especially in developing countries where refrigeration is limited. Such
products use low cost source of energy for drying, such as sun-drying and
addition of salt. These products are of interest since they do not require
refrigeration during marketing and storage [5]. The objective of the current
research was to determine the effect of sun- drying, solar- drying, oven-
drying and preservatives (sodium chloride, sodium nitrite and ascorbic acid)
on the physiochemical properties of cows meat during processing and
storage.

Materials and Methods
Source of Meat Samples:

Meat samples in this experiment were obtained from hind quarters of three
years cow male from Farcha slaughter house/ Chad. Containing
semimembranosus, semitendionsus, performeris and intercostal musles,
Fresh meat trimmings were differentiated into visually lean and fat portion
and kept in the refrigerator at (5—1 C) for 24 hours. The fresh muscles were
cut approximately into 30 X 2 X 0.5 cm dimensions.

Preparation of Dipping Solutions:

Three different solutions (2, 4 and 6 %) of sodium chloride were prepared.
Each containing 0.120g sodium nitrite combined with 0.3 g ascorbic acid /1.

Dip Treatment and Drying:

Meat strips were soaked in three different solutions of NaCl for 30 minutes.
Pre-treated meat samples were then divided into two equal batches and
subjected to solar-drying or oven drying. However, un treated meat samples
(control) were subjected to sun-drying.
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Drying Procedure:

For sun-drying meat slices were hanged over a rope in uncovered area for 3
-5 days the temperature ranged was 35-38 C. For oven drying, meat slices
were spread on 3 metal mesh trays. The loaded trays were then put inside
the oven and allowed to dry at 60 C for 18 hours. For solar drying similarly,
meat slices were spread on 3 mesh trays then placed inside the solar cabinet
dryer (Fig.1) for 2 days. The temperature range reached 55-57 C.
Aluminium sheet painted in black and glass were used to increase the suns
temperature. Stainless steel metal mesh trays were also used to avoid meat
oxidation. Air current enters the dryer cabinet, crosses meat strips and
removes moisture then absorbs out of dryer using 4 fans. Screens over the
fans keep insects off the meat. Meats on mesh trays need to be turned during
dehydration time. Similarly, meat slices were spread for oven drying on
metal mesh trays inside the oven.

Sampling and Physiochemical Analysis of Dehydrated Meat Samples:

Meat samples were taken after processing then after two months of storage
for the determination of total lipid, moisture content, total crude protein and
pH according to the standard methods of A.O.A.C. [6].

Packaging and Storage:

Dried meat samples were packed in polyethylene bags and kept in plastic
containers for two months at room temperature.

Results and Discussion

Data illustrated in table 1 showed that moisture content , total lipid , total
protein and pH of fresh and sun-dried meat samples after processing reached
(75.28%, 2.90%, 18,70%, 6.09%) and (17.21%, 9.97%, 74.98%, 5.97%)
respectively. Meanwhile meat samples treated with 2, 4 and 8 % NaCl and
dehydrated using oven-drying reached (12.7%, 8.85%, 72.95%, 5.73%),
(11.85%, 8.79%, 71.58%, 5.64%) and (10.99%, 7, 68%, 69.90%, 5.57%)
respectively. While those dehydrated by solar-drying reached (14.6%,
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8.88%, 72.92%, 5.79%), (13.75%, 8.77%, 71.50%, 5.70%) and (10.99%,

7.65%, 69.68%, 5.65%) respectively.

Drying

Mesh

Glass

in millimeters.

Figure 1 : Solar cabinet dryer, dimension
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From the results as NaCl increased in the brine solutions, moisture, lipid and
total protein percentage reduced gradually. pH was also found to decrease as
the salt % increased. The percentage of decrease was higher in samples
treated with higher concentration of NaCl (8%). Similarly, ref. [7] reported
that as the concentration of salt increased the moisture, fat and protein %
decreased gradually, and was greater in sun-dried than freeze-dried meat.
Also they related the reduction in total protein content to the effect of heat
on the soluble fraction of protein.

Table 1: Chemical Changes (%) of Dried Meat Samples Dehydrated by
Different Methods of Dehydration ( after Processing).

Processing methods

Parameters | Fresh Oven drying Solar drying
sample | Sun Concentrations of Concentrations of
drying NaCl and NaCl and
preservatives for preservatives for
samples dipped in samples dipped in

2 4 8 2 4 8

Moisture | 75.28 | 17.21 | 12.7 | 11.85| 10.09 | 14.6 | 13.75 | 10.99
content

Total lipid 2.9 997 | 885|879 | 768 | 883 | 8.77 | 7.65

Total 18.7 | 7498 | 7295|7158 | 69.9 | 7292 | 715 | 69.68

protein
pH 6.09 597 | 573 | 564 | 557 | 579 | 57 | 5.65

Table 2 showed that meat samples treated with 2, 4 and 8 % NaCl and
dehydrated by three methods of dehydration their total lipid and protein
decreased slightly during storage period of two months. Meanwhile,
moisture content and pH were found to increase slightly.  Kuo and
Ockerman [8] observed a decrease in fat content in freeze-dried meat with
the increase of salt level (0.2 and 4 %) at 25 °C. Similar findings have been
reported by Shrek [9] who stated that total protein of sun-dried lamb meat
showed no changes during storage at room temperature for six months.
However, moisture content was found to be lower than the save margin
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recommended for meat preserved by dehydration as reported by Ziatsov et
al. [10].

Table 2: Chemical Changes (%) of Dried Meat Samples Dehydrated by
Different Methods of Dehydration (after two months of storage).

Processing methods

Oven drying Solar drying
Parameters | Sun Concentrations of NaCl | Concentrations of NaCl
drying and preservatives for and preservatives for
samples dipped in samples dipped in
2 4 8 2 4 8

Moisture 18.2 | 129 12.2 11 14.9 13.91 13.2
content

Total lipid | 956 | 879 | 8.71 7.63 8.75 8.66 7.6

Total 745 | 739 | 7142 | 69.79 | 7292 | 715 | 69.68
protein
pH 6.01 | 585 | 5.73 5.63 5.78 5.78 571

The pH of muscle is regarded as one of the important parameters affecting
meat quality characteristics. In the present study, the pH values were found
to be 6.09 (fresh) and 5.97 (sun drying). While those treated with 2, 4 and
8% of salt reached 5.79, 5.70, 5.65 (solar drying) and 5.73, 5.64, 5.57 (oven
drying) after drying respectively. The results were similar to those reported
by Rahman et al. [11]. However, meat samples from the oven-drying
method had the lowest pH values among all drying methods, while those
from sun-drying procedure had the highest. Such differences might be due
to loss of acidic groups according to drying procedure. The degree of losing
free acidic groups explains the variation in the pH of the meat sample and
the iso-electric point of the muscle changes [12, 13].

Conclusion

It could be concluded that as NaCl concentration in dipping solutions
increased, the rate of moisture removal increased too. Treating meat samples
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with salt for 30 minutes was found to decrease slightly protein, lipid and pH.
No significant difference was observed in protein and lipid content during
storage of both solar and oven dehydrated meat samples. Solar-drying could
be considered the best in maintaining physico-chemical properties of
dehydrated meat compared to sun-drying method. Due to high energy costs
in oven-drying solar drying is recommended for meat dehydration.
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Calculation models for a nuclear reactor
Ahmed Ali Tashani

Department of physics, University of Garyounis, Benghazi — Libya

Abstract

Determination of different parameters of nuclear reactors requires neutron
transport calculations. Due to complicity of geometry and material
composition of the reactor core, neutron calculations were performed for
simplified models of the real arrangement.

In frame of the present work two models were used for calculations. First,
an elementary cell model was used to prepare cross section data set for a
homogenized-core reactor model. The homogenized-core reactor model was
then used to perform neutron transport calculation.

The nuclear reactor is a tank-shaped thermal reactor. The semi-cylindrical
core arrangement consists of aluminum made fuel bundles immersed in
water which acts as a moderator as well as a coolant. Each fuel bundle
consists of aluminum cladded fuel rods arranged in square lattices.

Elementary cell model:

The one dimensional cylindrical elementary cell model described in table
(1) consists of three regions: fuel, cladding, and moderator. Material
composition of the elementary cell was taken as the average values
associated with a fuel rod.

| performed a one dimensional criticality calculationfor the elementary cell
model using the code ANISN. This calculation was made to check the
validity of the model and to use the results in further calculations. In this
case, | used a P3 S8 approximation, the 171  neutron energy group
structure of the VITAMIN-C library, and 27 concentric cylindrical mesh
intervals of different thicknesses according to the expected behavior of the
neutron spectrum.

Neutron spectra resulting from these calculations were used to prepare
spatially weighted cross section for each region of the elementary cell (i.e.:
fuel. cladding and moderator). That means that input cross- section data of
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each region were weighted with the resulted neutron spectrum at each
spatial mesh interval with in that region and then were combined to produce
one set of cross section data for that particular

Region as follows:

se=( F_s)/( Frm) 0
m=1 m=1
Here

s : Spatially weighted cross section value for the r -th re-ion,
F...: Volume integrated neutron flux of the m-th spatial mesh

interval in the r-th region,
S : cross section value
n: number of mesh intervals in the r-th region.

Table (1): Elementary Cell Cylindrical Model Data.

Region Region gxtg Material Atom.
number | description Spatial (Cm)' components Density
mesh (1/barn-

interval cm)

1 Fuel 15 0.55 235 1071E-3
28y 9.398E-3
Mg 1.678E-2
@) 2.389E-2
3 Moderator 8 1.25 0 3.343E-2
H 6.687E-2

®
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Homogenized-core model:

The homogenized-core reactor model is described in table (2). The model
consists of five regions: homogenized-core region, water reflector, graphite
reflector, another water region, and finally the aluminum reactor vessel.
Homogenization of the core region was made by assuming that the fuel,
cladding, and moderator are completely mixed up and are distributed all
over the core.

Table (2): Homogenized-Core Reactor Cylindrical Model Data.

Region Region Spatial | Outer | \1ateria| Atom.
number discr. _mesh | RAD. | mnonents Density
interval | (cm) (1/barn-cm)
1 Hom%ge”'ze 30 20 25 1.427E-1
core
Y 1.292E-3
Mg 2.232E-3
Al 8.353E-3
o* 2.751E-2
H 4.869E-2
2 Water ref. 20 28 0 3.343E-2
H 6.687E-2
3 Graphite 5 35.4 C 1.123E-1
4 Water 12 43 O] 3.314E-2
H 6.687E-2
Reactor
5 vessel 4 45 A 6.027E-2
e Includes oxygen in water and in uranium oxide.

In the calculation, the spatially waited cross-section values were used to
prepare homogenized-core cross section values as follows:
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s, = (v,/v)s @)

Here:
s,,: Homogenized-core cross section,

sr Spatially weighted cross section of the r-th region,
v, : Volume occupied by r-th region,
V: total volume of the three regions.

The code ANISN was used to perform one dimensional neutron transport
calculation for the homogenized-core reactor model. I made these
calculation using a P3 S8 approximation, the 171 energy group structure of
the VITAMIN-C library, and 71 concentric cylindrical special mesh
intervals of different thicknesses according to the expected neutron
spectrum behavior.

The resulted neutron spectrum of these calculations were used to collapse (
i.e.. energy dependent flux weighting ) input cross section data from the
171-group structure of the VITAMIN-C to the 27-group structure To save
time in future calculation via the code ANISN as follows :

n

Fisy
s, = 3)

Here:
s. . Awverage cross section value for the i-th group of SAB-3.

sl

s, . Average cross section value for the j-th group of VIT-C.

v

n: number of fine groups included in the i-th coarse group.

Results:

Results of the elementary cell calculations are presented in figure (1). In this
figure thermal and fast neutron flux values are plotted as a function of
position from the center line of the cylindrical elementary cell model. In
these plots one can clearly see the decrease of thermal neutron flux and the
increase of fast neutron flux in the fuel region due to fission reaction. On the
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other hand, Neutron thermalization in the moderator region results in
opposite behavior.

Criticality calculation resulted in an infinite criticality (multiplication) factor
of K¢ = 1.4923 compared with the reported value of Ky = 1.4813 [4].
This difference is expected since these values were determined using
different approximations.

The 171 neutron energy group spectrum resulted from the calculation using
the code ANISN is shown on figure (2). The general shape of the neutron
spectrum which was calculated in this work does have smooth
characteristics and presents details due to the fine energy group structure at
these energies. At about 1.0 MeV the effect, of the oxygen (n, n'a) reaction
resonance is clearly seen due to this structure. On the other hand, this
spectrum does not show the expected Maxwellian-shape at thermal neutron
energies since coarse group structures were used for this energy interval.
Compared with very recent publications [5], our results show good
agreements.
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Fig. (1): Neutron Flux through the Elementary Cell.
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Fig. (2): Calculated Neutron Spectrum for in-Core Position.

Conclusions:

Results proved the validity ofthe  approximations made during the
calculations. Furthermore, these results showed that one dimensional
neutron spectrum calculation can give satisfactory results if the physics
problem is not too complicated and acceptable modeling of the actual
situation can be made. In our case due to the small size of the cell (as
compared with the mean free bath of thermal neutrons), the homogeneous
reactor model gave a good approximation. Moreover, the division of the
elementary cell and the core into mesh intervals was done taking into
consideration the actual geometry and the neutron flux gradient as a
function of location both in the elementary cell and the core, respectively.
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Review of Plasma Tomography on Tokamak Systems

A.S. Alhasi
Department of Physics, Faculty of Sciences, University of Garyounis
Benghize, Libya

Abstract

In this review the Fourier reconstruction algorithm is used to view plasmas
in spatial domain as the sum of each line integral times a weighting function
(to be chosen) of the distance from the line view to the point of
reconstruction. We have shown that the most useful filters in plasma image
reconstruction are special cases of those general class filters proposed by
Kwoh and Reed. Due to the symmetry of the plasma cross section, and the
value of the scanning angle, the general Fourier formula can be reduced to
one dimensional integral, depending on whether the plasma cross section is
circular, elliptical or hyperbolic. The opaque tokamak plasma cross section
can be scanned by means of a single detector array. The detector can than be
rotated to form a set of n number of views, each view being inclined at a
certain angle q and consists of m number of line projections.

Introduction

Soft x-ray imaging has proven to be one of the most valuable diagnostic
tools for studying tokamak plasma [12]. This is largely because radiation of
plasma at tokamak temperature falls in the soft x-ray to UV part of the
spectrum. Furthermore, the relatively high densities normally encountered
in tokamaks emit easily measurable fluxes [2, 8,13].The magnitude of the
spectrum of the radiative flux from a plasma is directly related to the basic
characteristics ( temperature, density, and chemical composition) of the
plasma. Moreover, with the assumption that the plasma is optically thin to
its own x-ray emission, radiation from any part of the plasma will arrive at
an external detector essentially unaltered by intervening plasma.

The plasma cross-section can be scanned by means of a detector array. The
array can then be rotated to form a set of n number of views, each view is
inclined at a certain angle g, and consists of m number of line projections.
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Figure (1) shows how soft x-ray plasma emission may be utilized to
reconstruct plasma emissivity in the xy -plane.
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=

<
>  Detector array

V.

\\kxq

7
A
A
A
X

Scan
I
\

Figure (1): Showing the scanned plasma cross section with several views
each consists of (m) projections with fixed ray spacing

In what follows we adopt the Shepp and Logan Fourier reconstruction
technique [11], and try to use it to image a plasma cross section which
possesses no symmetry. The reconstruction algorithm may be viewed
simply in the spatial domain as the sum of each line integral times a
weighting function (to be chosen) of the distance from the line to the point
of reconstruction.

General Theory of Plasma Tomography

Let e(x,y) define the emissvity at (x,y) in a fixed xy-plane in the plasma
cross-section. Then let #(t,q) denote the integral of e(x,y) along the
line (t,g), hence:

ft.g)= e(x y)dxdy )

t.g)

Where (t,q) is the line who s normal though the origin makes an angle g

with the positive x-axis, and has length t, figure (2) shows the geometry of
this transformation, and (t,qg) satisfies the following parametric equation:
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t = xcosg + ysing 2

Fourier transforming the projection data constitutes the basis of the Fourier
reconstruction algorithm [1]

¥
fw.g)= fit.g)exp™™dt (3)
-¥
The two dimensional Fourier transform of e(x,y)in polar coordinates is
equivalent to Fourier inverse transform of #(t,q) [11]:

fw,q) = e(w,q) (4)
Where, the Fourier transform of e(x,y) is [3];

¥
e(mg) = e(xy)exp™ =1 gxdy ©)

-y

If the projection 7(t,q)is known for all the lines (t,q), then e(w,q) is
given by equations (3) and (4). The Fourier inversion formula then gives
e(x,y) as:

p

¥
e(X, y) — 4/];2 dq f(’/V,q>eXpiW(XCOSq+ySinq)|W1dW (6)

0 ¥

Equation (5) is the key expression in Shepp and Logan Fourier Algorithm,
the spatial frequency function || comes from the Jacobian of the

transformation into polar coordinate.

The inner integral of equation (5) is defined as:
b(t,q) = - " ulf(mq)exp ™ dw ™
) 2p _¥ i)

Equation (7) is known as the back projection formula [7].
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