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ABSTRACT

Computerized Tomographic (CT) has been used for a number of applications in the field of

medicine and industry. For the last couple of years , the technique has been applied for the

material characterization and detection of defects and flaws inside the industrial components

of nuclear , aerospace and missile industries. A CT scanner of first generation was

developed at the institute. The scanner has been used to demonstrate couple of applications

of CT in the field of non destructive testing of materials. The data acquired by placing the

test objects at various angles and scanning the object through a source detector assembly

has been processed on a Pentium computer for image reconstruction using a filtered back

projection method. The technique has been developed which can be modified and improved

to study various other applications in materials science and a modern computerized

tomographic facility can be established.



1 INTRODUCTION

Non destructive testing (NDT) of materials has played a key role in the production of
good quality products, component and assemblies in almost all industrial sectors including
aerospace, nuclear, explosive and other heavy industries. NDT methods have helped increased
productivity of quality products by detecting flaws and discontinuities at different fabrication
stages without jeopardizing the intended serviceability of the components It has been useful to
evaluate severity of defects and characterize their nature, type and size and obtain dimensional
information etc.. Radiographic examination is one of the non destructive testing methods It is
used for the evaluation and characterization of defects and flaws within the industrial components
and assemblies and asses the integrity and the soundness of welded joints without compromising
on the intended serviceability.

The radiographic image is a series of shadows cast by the structure of the object at
various depths of the exposed object along the beam direction. The superimposed effect of these
shadows is a two dimensional image formed on the conventional X-ray film. The image of one
part of the structure can be distinguished from other parts by the variation of the density on the
radiograph. The radiation beam not only penetrates through the object but also features of interest
are shown up on the radiograph with enough contrast against the surrounding regions
Investigation in the less absorptive regions sometimes becomes difficult The problems of
interference between different regions and interpretation of radiographic indications in less
absorptive areas was firstly solved in 1921 by the introduction of the conventional or focal plane
tomography [Hansche, 1989]. In conventional film tomographic technique, X- ray tube and the
film are moved in such a way that only the desired layer within the object provides stationary and
sharp image while undesired layers provide moving and blurred images [Brooks et al., 1976] The
sharp image is evaluated to study the severness of the CT indications. The use of conventional
tomographic technique proved as a useful tool for diagnostic purposes in the medical field but it
was not used widely to solve industrial problems Gamma or X-ray computed tomography (CT)
has proved a powerful non destructive testing and evaluation tool and has wide range of
applications in plastic, ceramics and alloy industries [Martz, 1990] CT is used for the locating
and sizing of the cavities in castings and detection of flaws in weldments etc [ Tonner and
Tosello, 1986, Rapaport and Gayer, 1991]. The technique has also been used for the inspection
of nuclear fuel bundles [ Richards et al., 1982]

The tomographic technique produces a two dimensional image of the cross-section of an
object without physically sectioning and jeopardizing it. The indications revealed in CT images
can be readily interpreted in terms of mass density. The CT images also provide information on
the internal structure of the object including defects and their dimensions It has been used to
measure dimensional changes inside the irradiated reactor fuel elements and to study fuel damage
caused by fission heating [Hansche,1989 ,Segal, 1982] The technique is powerful tool of quality
control and is used for the development of aerospace applications

This report briefly describes the principle of computerized tomographic technique, image
reconstruction methods, convolution back projection method filtration of the data, major



major equipment needed, data acquisition, a scanner of first generation and evaluation of
the CT system etc. Emphasis has been given to the summation convolution / filtered back
projection method. Couple of applications have also been studied using the convolution
algorithm . In addition, the attenuation coefficient of aluminium , stainless steel and brass
etc. have also been measured by scanning large diameter objects of these materials.

2. PRINCIPLE OF COMPUTERIZED TOMOGRAPHY

To describe the physical basis of the principle of computerised tomography
technique, consider a well collimated beam of mono-energetic radiation passing through a
homogeneous object as shown in Figure 2.1. If the intensity of the incident beam of
radiation is Io and the transmitted intensity through the object in the direction of beam is I,
then the attenuation of a well collimated radiation beam through a homogeneous objeci is
given by equation (1).

where x is the thickness of object traversed by the radiation and u is the linear
attenuation coefficient. For an inhomogeneous material equation (1) can be rewritten as:

(2)

The line integral over the path length L, known as ray sum, is the Radon

Transform of \x{\) [Grant et. al., 1993]. The value of the transmitted intensity in equation

(2) is independent of the distribution of \\.{x) over the length L and hence a single
transmission does not provide any information or clue about the spatial arrangement

within the object. For an extended object, the attenuation coefficient |-l(x, y) within a
cross sectional plane of the object can be mapped if sufficiently large number of
transmission measurements are made through that cross- section from many directions.
The simplest arrangement for measuring the attenuation coefficients is the first generation
CT scanner shown in Figure 2.2. The source and the detector arc labeled as S and D
respectively. The source and the detector assembly remains stationary and the object is
scanned through by positioning it at different angles. The source and the detector system
allow a sequence of discrete transmitted measurements through a defined cross section as
it traverses across the object with the source-detector coordinate frame ( x, y) and rotated

through an angle O with respect to the object frame (x , y) . Since (J.(x, y ) is a density

function of X, y . Replacing )J.(x, y ) by f( X, y ) , equation (2) can be rewritten as
[Brooks and Chiro, 1976].

In—= Jf(x,y)ds (3)



Ray paths are described by an (l% S) coordinate system which is rotated by the

same angle. Each ray is thus specified by coordinates ( r , O ) where O is the angle of the

ray with respect to y-axis and r is its distance from the origin. The coordinate S
represents the path length along the ray.

Source
*—

u

p(r, O) = J f(x ,1
r,O

Object

ds (4)

Figure2.1: Attenuation of radiation
beam through homogeneous material.

Figure 2.2: Arrangement of a transmission
CT scanning system.

For imaging purposes with a radioisotope p(l", O ) , known as ray sum is
directly proportional to the detector signal neglecting gamma ray attenuation and changes
in the solid angle of the detector. A complete set of parallel ray sums collected over one

traverse represents one projection for that view of the cross section of the object. The r

and S coordinates passing through X, y at an angle O is given by

r = x cos (O) +y sin (O)

s = x cos (O) -y sin (O)

(5)

(6)

where X and y are the Cartesian coordinates of the ray and O is the angle with

the y-axis. f (x, y ) is a continuous two dimensional function and a large number of
projections are needed for image reconstruction. In practice, a limited number of ray sums
are collected or gathered for a projection and with limited number of projections, the
image is reconstructed.



2.1 Image Reconstruction Methods

Number of methods are used for the reconstruction of images in computerised
tomography. Two dimensional Fourier reconstruction and Filtered back projection
reconstruction are the two analytical reconstruction methods used for image
reconstruction. Analytical reconstruction is based on the direct solution of equation (4). For
the implementation of these methods, it is necessary to limit the spatial resolution of the
image. This can be done by band limiting. It means that the image will contain no spatial

frequency greater than a maximum frequency k. This assumption has three major

consequences: (a) the image may be reconstructed on an array of points with spacing W,

where W = 2 k, (b) the projection may be sampled at the same interval \V, and (c) the
Fourier Transforms may be replaced by discrete Fourier series. All the analytical methods
are equivalent theoretically but their implementation is quite different. The commonly used
reconstruction methods are of following types [Floyed et al.,1991 ].

a. Analytical Reconstruction
b. Direct Matrix Inversion
c. Iterative Reconstruction
d. Iterative Transform
e. Algebraic Reconstruction
f. Filtered Back Projection, and
g. Convolution (Filtered) Back Projection, etc.

Two dimensional Fourier Reconstruction, Summation Convolution ( Filtered )
Back Projection(SCBP), Maximum-Likelihood, Algebraic Reconstruction (ART) and
Maximum Entropy Methods (MENT) etc. are used for the image reconstruction and later
on the investigation of industrial applications and problems. Filtered Back Projection
Method is used for the image reconstruction because it provides a high quality image but
suffers from being computationally expensive. Two dimensional Fourier reconstruction
and Filtered Back Projection methods are discussed below.

2.1.1 Two Dimensional Fourier Reconstruction

The Fourier transform reconstruction is one of the analytical methods used by
Bracewell in 1956 for the study of radio-astronomy problems. The reconstruction of

f(x, y ) from a set of p ( r , O ) for different values of O is based on mathematical result

which states that the two dimensional Fourier Transform of f (x , y ) can be found from a

set of one dimensional Fourier coefficients of p ( r , O ) . Then f (x , y ) can be found by

taking the inverse Fourier Transform. The density function t ( x , y ) is represented as a
function of two dimensional Fourier integrals.



00 00

f(x,y) = 1 I F(kx , ky ) exp [2ni ( kx x+ ky y)ldkx dky (7)
— 00— 00

The parameters k x and k y are the wave numbers in the X and y direction

respectively. The Fourier coefficients F ( k x , k y ) are given by inverse Fourier
Transform.

00 00

F(kx ,ky) = J I f(x, y) exp [-2TU (kx x+ ky y)] dx dy (8)
— 00— 00

Equation (8) can be simplified if (x , y ) is rotated to new axis (f, s) making an

angle of rotation O with the (x , y ) axis defined by

K
® = tan" (-—) (8-A)

K.
-V

It can be proved by a simple geometric transformation that

k = (kx
 2 + ky

 2) m (8-B)

r = X COS O + y sin <1> and (9-A)

s = x sin O - y cos O (9-B)

and rearranging the order of integration, equation (8) can be re-written as below.

00 00

F(kx ,ky) = I [ J f(x,y) ds]exp(-27ti k r) dr (io)
— oo — oo

Changing the order of integration in equation (10), the S-integral in the brackets

is the ray projection p(f , O ) as given by equation (4). So that



00

F(kx ,ky)= I p(r, <D) exp (-2n\ k r) dr
— 00

= P(k,O) (ID

where P ( k , O ) is the Fourier Transform of p(l% O ) with respect to T.

Interpolation is very much required because the Fourier coefficients obtained
from the projection do not fall on a rectangular matrix as required for the inverse two
dimensional Fourier transformation.

In simple, the Fourier Reconstruction Algorithm can be summarized as follows:

(a) Take one dimensional Fourier transform of the projection data.

(b) Interpolate to provide a two dimensional array of Fourier coefficients.

(c) Apply two dimensional filter, and

(d) Take inverse two dimensional transform.

2.1.2 Filtered Back Projection Method

In reconstructive computerized tomography, a simple reconstruction algorithm
called Filtered Back Projection (FBP) is widely used. The estimates of linear attenuation
coefficients at a point in the object are convolved by adding/ integrating all the line
integrals of the rays through that point. Back projection can be mathematically represented
by equation (12) below.

m
f(x, y)= Z p (x cos <t>j+y sin <$>j,, cpj) A<t> (12)

where O : is the jth projection angle and A<t> is the angular spacing between

projections (AO=——, Nfj> is the number of projections ) and the summation extends

over all m projections. Equation (7) can be rewritten in polar coordinates as

TV oo

f(x,y) = J j F(kx ,kv ) exp[-2Tci (x cos On- y sin O) | .
0 - o o



k | d k d O (13)

Then replacing F ( k x ,ky ) by P (k , 0 ) , the following equation is obtained.

f(x, y)= l p * ( x cos O+ y sin 0 , 0 ) dO (14)

0
where

00

p (r,O)= j | k | P(k, O) exp(-27ii kr) dk (is)
— 00

Replacing the integration by summation in equation (14)

m

f(x, y ) = Z p ( x cos Oj + y sin 0 j ,0j) AO (16)

*
Equation (16) is similar to the equation (12) which indicates that p instead of p is back

projected. The change of p to p is because of the filtering operation.

2.1.3 Summation Convolution (Filtered )Back Projection

The convolution theorem states that the Fourier Transform of a product is equal to
product of individual Fourier Transforms. In this algorithm, the data is collected by the
CT scanner. Summation Convolution (Filtered) Back Projection methods is reported
widely used due to its extreme accuracy. The SCBP has been applied for the
reconstruction of images from projections. The SCBP is based on the following
mathematical relationship.

n
f(x,y) = J p*(r»®)<10 (17)

0
where p*(r, 0 ) with r= X COS ( 0 )+y sin ( 0 ) are the filtered

projections. The attenuation coefficients are calculated and convolved with an appropriate
filter like Ram-Lak etc.. The filtered data is then interpolated to form a two dimensional
array and is back projected. The mathematical equation used for the reconstruction of
images from projections is given below [Brooks, B.A et al.,1976].



n -2

where the summation is taken over for all j for which (i-j) is odd. The algorithm is as
follows:

In: Convolve the projection with appropriate filter to obtain Filtered
projection p (r, O) .

out: Reconstructed image initialised to 0
1: for ( 0 = 0 to 180 do {

2: fory=-y to — do

i e N * N A

3: forx=—— to — do

4: r= x cos <t>+ y sin O
5: f(x,y)=f(x,y)+ p*(r, O)

}
Normalisation operation , i.e. f (x, y ) = r r r f ( x , y ) application to each element

loU
(X, y ) must be performed. The cost of the normalisation operator does not affect the
algorithm. The method has been used for the image reconstruction from projections.

3. FILTERING THE PROJECTION DATA

In image reconstruction, the accuracy of the image mostly depends upon the
convolving filter. The filtration process attenuates the higher spatial frequencies in the
noisy data [Wells et. al., 1996]. The blurring problems in the image reconstruction are
overcome by filtering the projection data. In practice , filtration is carried out on one
dimensional data before back projection. The process is called as filtered back-projection
and is used in many CT scanning systems. Correction for the effects of point spread
function can be achieved either in the Fourier domain using spatial frequency filters or
equivalently it can be done in direct space domain by convolving with an appropriate de-
blurring function.

The most commonly user filters are.
a) Ram-Lak (Ramachandaran and Laksminarayanan)
b) Shepp-Logan( Shepp and Logan , and
c) Harming modified.



The Ram- Lak filter has the discrete form of

hRL[-nl=-(rc2n2)-1
for n even
for n odd

and the Shepp and Logan in frequency and direct spaces are expressed by

m_ sinQr/AO)
n ( l ) — where AsP is the angular spacing between the

n AO

projections[Seikhara, K. et al.,1981] and h ( n ) = for n=0
a

4 2
h(n) = j-—— \—— for n= ±1, ±2, ± 3 , . , and a=—— where

n a (4 n - 1) NH

N R is the number of ray sums in a projection[Shepp and Logan, 1974]. Both the
filters listed above have been applied in the reconstructive computerized tomography.
Graphically, the two filters, Ram -Lak and Shepp-Log are shown in Figures 3.1 and 3.2
respectively.

Position

Figure 3.1 : Graph of Ram-Lak Filter Figure 3.2: Graph of Shepp-Logan Filter



4. EQUIPMENT FOR COMPUTERIZED TOMOGRAPHY

The Computerised tomography is used world wide fot a large number of
applications in medicine as a diagnostic tool for different diseases and in industry for the
development of modern engineering materials, a non destructive tool for determining the
quality of the materials used in various industrial sectors and study of ceramics and
composites etc. Due to the importance of CT technique in medical and industrial sectors,
sophisticated equipment with lesser time of data acquisition and image reconstruction
algorithms is available. The choice of the equipment, however, depends upon the type of
applications. In general, a computerised tomographic system mainly includes four parts:
a) a source of radiation, b) computer controlled mechanical system to synchronise the
motion of the source, detector and the object, c) counting electronics alongwith a detector
to detect radiation, and d) high speed computer to process massive data for image
reconstruction [Hansche, 1989, MacCuaig, 1991], Understanding oC interactions of
radiation with the object under study is one of the major requirement for interpretation of
CT images like radiographic images.

4.1 CT Scanner Of First Generation

With the development of computed tomography technique for the diagnostic study
of different medical problems, the CT scanning system has already been improved and at
present fourth and fifth generation systems with an array of detectors are used in
commercial scanners. A CT scanner of first generation has been developed. Equipment
for the translate and rotate scanner of first generation is shown in Figure 4.1. In this
system, a stepper motor moves the sample laterally through the detector and the source
assembly and the other stepper motor positions the sample at different angles. After
acquisition of the data , the data values are rearranged and then processed to reconstruct an
image using a Filtered Back Convolution Projection Method.

Figure 4.1: Photograph showing the first generation scanning system.
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4.1.1 Data Acquisition

The acquisition of projection is very important in image reconstruction. The first
step in computerised tomographic inspection is to acquire the limited sampled data for
image reconstruction. This can be achieved by scanning the object at various angles using
an axial scanner. The next step is to reconstruct image -from projections by implementing a
discrete version of the inverse Radon Transform[ Davis, J. and WelIs,P.,1992]. The choice
of a proper method of image reconstruction depends upon the way the projection data was
collected and the type of the CT scanner used. For continuous data , there arc number of
mathematical ways to implement inverse Radon Transfomi [Barrette and Swindell, 1981].
In first generation CT scanning system a narrow beam of mono-energetic radiation is
used.. In such a system , the specimen is translated between a source and detector and
rotated through 180 in equal steps. The incident beam has a finite cross section and the
ray sums are averages over a finite slice thickness through the object . The width of the

radiation beam determines the step interval. If the cross sectional width of the source is a
a

then to avoid aliasing the translational step size should be set equal to —

In first generation CT system developed at the institute, the intensity of the
radiation passing through the object at various positions is detected by Na I(T1) detector
which is connected to 9001 rate meter from MINEKIN, Australia which digitises the
intercepted signal. The data acquisition programme written in Basic language passes on
the command to a CD 20 drive Digiplan system which provides the logic pulses to the
stepper motors. The stepper motors move the test object at different angles and translate it
through the detector and the source. The operation of the translate and rotate scanner is
controlled through the IEEE488 GPIB. The count rate from the rate meter is transferred
to the host computer through the RS-232 bus. The arrangement for the translate and
rotate CT system of first generation is shown in Figure 2.2.

4.2 Image Resolution

The CT scanner which has a very high resolution excels. The resolution of any
image is the ability of the instrument to differentiate between two or more flaws of very
small dimensions. The degree of blurring is the measure of the spatial resolution of the
imaging system. If we define W as the spatial resolution, then for each projection the
radial resolution should be matched to rotational resolution at the object circle boundary.

So, W = — A O , and N o = Or N<D = — N R v In many

instances W = <t is used because the presence of noise makes the instrument somewhat
D

wasteful for scanning. Therefore the number of ray sums are JNp . The radiation
w

after traversing through the specimen are detected by N a l (T I ) detector and the signal
is digitised by the 9001 MINEKIN , Australia rate meter. The data from the rate meter
is transferred to the computer through the interface RS -232 . The acquired data is then
processed using a 586 Pentium computer and a C program based on convolution

11



algorithm. The number of projections should be almost equal to the number of ray

sums per projection, i.e. N(j> = N R If W is the size of the aperture , then the
w

translational step should be — in a translate and rotate scanner and the rotational increment

w
should be R — where R is the radius of the field of view. The resolution of the

reconstructed image can be further improved by reducing the contribution oi' scattered
radiation.

The intensity of scattered radiation, contributing to the image formation can be
limited by collimating the beam of radiation and reducing the source size. Additional
collimators are thus needed to be placed close to the radiation source and also close to the
test piece.

4.3 Evaluation of the CT System

The performance of a CT scanning system needs to be evaluated because even a
very good computer algorithm and data acquisition system can not produce a good image.
To determine the image quality, various criteria are used. Contrast Detail Diagrammes
(CDD) are used for the evaluation of a computerised tomography system. Spatial and
contrast resolution are the important measures to qualify a scanner.

The blurring function known as the Point Spread Function (PSF) is the response of
the system to an ideal object. The images of a point spread function reconstructed by
scanning a 1.5 mm diameter steel object without and with centroid and area correction are
shown in Figures 4.2 and 4.3 respectively. To reconstruct the images of point spread which
is actually the differential of edge response function, the lateral step was reduced below
half of the size of the aperture of the gamma radiation source.

e 
A

m
p

li
tu

d
e

i

QOln

QQQB

Q0Q6

Q004

aoce

oJ
-Q0Q2

H+H+H+HHHM+ttH+rhH •TiT r Y M' IT TT t t ' l

5 9 1317 21 25 29 33 37 41 «[

Pbels

P
LI

TU
D

E

0.011

0.006

0.006

QO»

0002

-0002
5 9 13 17 212529 3337

WHS

Figure 4.2: Image of point spread
function of diameter 1.5 mm without
centroid and area correction.

Figure 4.3: Point spread function
with centroid and area correction.
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The edge response function (ERF) is defined as the ability of CT scanner to
reproduce with accuracy a high contrast edge. The ERF of a cylindrical steel object is
given in Figure 4.4 while the ERF of an aluminium cylindrical object is given in Figure
4.5. The curves for the edge response function have been smoothed by adjacent
averaging many scans profiles of the objects. The attenuation coefficient is represented by

20009
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0 20 40 60 80 100
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Figure 4.4: Edge response function
of a cylindrical steel object.

20 8040 60
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Figure 4.5: Edge response function of a
cylindrical aluminium object.

. The line spread function (LSF) obtained by differentiation and averaging out
edge response function shown in Figure 6 of a small steel cylinder is shown in Figure 4.6
while the line spread function of a small aluminium cylinder is shown in Figure 4.7.
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Figure 4.6: Line spread function of
Figure 4.4.

Figure 4.7: Line spread function
of Figure 4.5.
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Modulation Transfer Function(MTF) is a useful indicator of capability of the CT
instrument to resolve and reproduce spatial variations inside the object. It has been
extensively used as a tool for quantitatively assessing the image quality in many fields
including digital radiography etc. It is defined as the transfer quality of an imaging
system i.e. ratio of the image to the actual object. MTF and its graphic representation has
been often cited to express the spatial resolution of a CT system [Liu et al.,1982, Sivers
and Silver, 1990, Fujita et al, 1992]. Large and homogeneous features are reproduced at
low frequencies. The modulation transfer function calculated by taking the Fourier
transform of the LSF shown in Figure 4.6 convolved with a Hanning window is given in
Figure 4.8. Modulation transfer function can therefore be used as a tool to compare the
resolution of different CT scanners and film screen systems.

Spatial resolution is defined as the minimum resolvable distance between two
objects while the contrast resolution is defined as the ability of an imaging system to
detect minimum difference between attenuation coefficients [Seikhara, K. et al 1981].
The percent contrast resolution is defined as the ratio of standard deviation to the average
of the ray sums in the flat area of the graph of a large diameter specimen. The value of the
percent contrast resolution of a optimal CT system should be around 5 even lower is better
[ WellsJP., 1997].

Ratio of the Std. Deviation to the Mean of the object scan inside the Hat region
of interest gives the contrast resolution of the scanner. The contrast resolution has been
measured by scanning aluminium, lead and stainless steel objects in the region of interest
and the calculated value of the inside the flat region of a large diameter object of
aluminium varies from 4.3% to 8%. A plot of a density profile across a large diameter
lead object shown in Figure 4.9 indicates a flat distribution which has been used for the
estimation of statistical variations like standard deviation and average of the region of
interest [Litton et. al, 1984].

I

SO 100

PIXIil.S

150 200

Figure 4.8: Modulation transfer
function of the CT system.

Figure 4.9: The density profile of
a lead object of large diameter.
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At low frequencies the large features of the object are reproduced while small
features are reproduced at higher frequencies. The CT scanner system can thus reproduce
features of large diameter.

5. APPLICATIONS OF COMPUTERIZED TOMOGRAPHY

The computerised tomographic technique is being used world wide for the
development of advanced military hardware and aerospace components in almost
developed countries [Burstein et. al.,1982; Vaninier et. al., 1989]. The technique is also
being used in nuclear industry using either X-ray, gamma ray or neutron radiation sources
in addition to its medical applications. The applications of the technique include [Rapaport
and Gayer, 1991]:

i) inspection of turbine blades and aerospace components.
ii) evaluation of forest products.
iii) critical examination in nuclear industry.
iv) monitoring of chemical plants.
v) testing of automotive components.
vi) non destructive inspection
vii) development of new engineering materials.
viii) inspection of solid rockets and ordnance items, and
ix) reverse engineering etc.

The CT scanner of first generation has been used to acquire projection data for
couple of test pieces with drilled holes . The images have been reconstructed using the
convolution filtered back Projection. The reconstructed images of various test objets
using a convolution filtered back projection method are shown in Figures 5.1-5.12.

Figure 5.1 and Figure 5.2 represent the histogram and image reconstructed of an
aluminium test object with two holes. A small hole is also revealed both in the histogram
and the reconstructed image by a small peak and change of density, contrast respectively.
Figures 5.3 and 5.4 show the histogram and reconstructed image of an test object with one
hole. Figures 5.5 and 5.6 show the sinograms and the reconstructed image of a cylindrical
copper rod inside a ceramic tube.

Figures 5.7 and 5.8 show the sinogram and reconstructed image of a data file
provided by Physics Department, MONASH University, Australia. Figures 5.9 to Figure
5.12 show the sinograms and reconstructed images of different test objects.

15
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Figure 5.1: Histogram of aluminium
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Figure 5.2: Image of aluminium object
with two holes visible clearly.
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Figure 5.3: Histogram of aluminium
object with one hole.

Figure 5.4: Reconstructed image of
aluminium object with one hole.
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Figure 5.5: Sinogram of cylindrical
brass object inside a ceramic tube.

Figure 5.6: Image of a brass
cylinder inside a ceramic tube.

Figure 5.7 :Sinogram of the object
shown in Figure 5.8.

Figure 5.8: Reconstructed image of
an object.
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shows the reconstructed image of a steel ring while Figure 5.17 is the image reconstracted
of an aluminium test object with slots and holes etc.
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Figure 5.16: Two dimensional image
of a steel ring.

Figure 5.17: Image of an aluminium object
with eight slots and holes of diameter,
5mm each.

5.1 Measurement of Attenuation Coefficients

The computerised tomography technique can be used to determine the attenuation
coefficients of different industrial materials. The attenuation coefficient of the material
being scanned can also be measured from the flat region /portion of the scan profile. The
attenuation coefficients of aluminium and stain steel have been measured by plotting the
attenuation coefficient verses the pixel position. The profiles of both aluminium and steel
objects are shown in Figures 5.18 and 5.19 respectively. The values of the mass
attenuation coefficients calculated from the flat region of large diameter blocks of
different materials is listed in Table 1. The calculated values of the mass attenuation
coefficients have been compared to the reported values and there is a good agreement
between the two [Cember, H, 1996].

2.0

1.5

1.0

0 19 38 57 76 9 5 114 133 152 171 1 9 0

PIXELS

15 30 45 60 75 90 105 120 135 150 165 180

PIXELS

Figure 5.18:Profile of the large diameter Figure 5.19:ProfiIe of the large diameter
aluminium object. lead object.
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Table l:Mass attenuation coefficients of different materials for Cs-137 radiation
source.

Sr.
No.

1.

2.

3.

Type of Material

Aluminium

Stainless steel

Lead

Calculated Mass
Attenuation Coefficient,
cm /gm

0.06935 ±. 0.00069

0.0665 ± .0.000388

0.0621 ±0.00488
* Lead may be impure.

Literature, Mass
Attenuation
Coefficient, cm"/gm

.07441

.07277

. 10336

The above method can even be applied for the determination of attenuation
coefficients of other materials etc. Better collimation of the beam could produce even
better results.

6. CONCLUSIONS

The computerised tomographic (CT) technique has been established. The data
acquisition scanner is of first generation system which uses a single detector and the test
piece is moved laterally through an assembly of a gamma radiation source and the
detector. The test piece is rotated through 180° in equal steps for the acquisition of a two
dimensional data for each projection. The acquired data is then processed using a Pentium
computer to reconstruct CT images. The computer programme written in C is based on
convolution algorithm. Point spread and edge response functions have been studied to
verify the spatial resolution of the system. To verify the usefulness of the CT system.
contrast resolution less than 5% has been measured in the flat region of the Figure-7 using
a large diameter test piece . Holes with dimensions over 1 cm have been successfully
identified using this technique. To improve the resolution, some modifications in the
source assembly are under way which would increase the number of counts on the rotating
table of the CT scanner to almost 30000 counts and additional collimators with diameters
of 1 mm each are being made to reduce the scattered radiation. The reduction in the
scattered radiation would also help stabilise the count rate and in turn smooth the curves
for edge response and point spread functions etc. The technique has also been used for the
investigation of linear attenuation coefficients of aluminium and steel. The capability has
been demonstrated and is established. The knowledge and the technical know -how can be
used to develop such a facility at PARR-1 and for the inspection of materials at other
locations.
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