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ABSTRACT

The x-ray computed tomography (CT) using film technique is investigated. Each
object is radiographed by the x-rays at different angles of 3.6 degrees increment from
0 throughout a minimum of a 180 degrees rotation using a developed automatic x-ray
CT system controlled by a microcontroller. After film development, the density
profiles on films at a desired position are read using an automatic scan densitometer
which is controlled by a microcomputer. The density profile data are simultaneously
saved on a floppy disk for CT image reconstruction. A software programme for the
CT image reconstruction is developed and run on a 80486DX IBM microcomputer
with a VGA color monitor. The convolution filter backprojection (CFBP) technique
and Shepp-Logan filter function are selected for the reconstruction software
programme. The resolution of the x-ray CT image is found to be approximately 1 mm
and the contrast, which depends on the x-ray energy is found to be satisfactory.
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INTRODUCTION

X-ray computed tomography (CT) has widespread application in industry [1,2] as a
nondestructive inspection technique. There are many methods to obtain the projection
data, for instance, the scanning by detector arrays and the television system. For this
research the film technique has been applied to collect the projection data. The
transmission of x-ray through any material depends on the x-ray energy. If the energy
is not appropriate, the radiograph obtained will have poor contrast and poor resolution
which in turn causes a poor CT image. The investigation of x-ray energy for
computed tomography selected the suitable x-ray energy to be obtain the fine
projection data. For medical tomography the beam hardening is not a major problem,
because the variation in composition of the various parts of the human body is only
slight. The body is mostly water with some addition of carbon, a trace of other
elements, and some calcium in bones. The reconstructed image shows a variation in
density, but the range of variation is small. This makes x-ray tubes an acceptable
source and simple backprojection a suitable reconstruction method.

Industrial applications commonly encounter samples with a much greater variation in
composition, ranging across the entire periodic table and with physical densities
varying from zero (voids) to more than ten times the density of biological tissues. This
makes beam hardening an important problem. One solution is to use a monochromatic
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source, such as a radioisotope or a filtered x-ray tube. Another is to use two different
energies or a combination of absorption and x-ray scattering data, using the two
projection sets to correct for the change in composition in the reconstruction process.

Beam hardening [3] is the name used to describe the effect in which the lower energy
or softer, x-ray from a polychromatic source are preferentially absorbed in a sample
such as a conventional x-ray tube. Consequently, the effective attenuation coefficient
of a voxel is different, depending on whether it is on the side of the specimen near the
source or farther away. This is indicated schematically in Fig. 1, that shows the energy
spectrum of x-rays from an x-ray tube at the beginning, middle, and end of the path
through the specimen. As the lower energy x-rays are absorbed, the attenuation
coefficient of the sample changes slightly with the atomic number of the sample.

THE CT RECONSTRUCTION ALGORITHMS

The relationship between transmitted x-ray intensity (I) and the thickness of test
objects (S) can be written as :

I = Io exp[ - J f(x,y) dS] (1)

where Io is the intensity of the incident beam, and f(x,y) is the attenuation
coefficient for x-ray of the test object.

Let P(0,X) = ln(Io/I) which corresponds to the transmitted beam intensity at angle 9,
so called the profile data or projection.

Thus,

P(9,X) = jf(x,y)dS (2)

In this case,

X = xcosO + ysinG (3)

By using Fourier Transform and Convolution Theories, it can be written as :

f(x,y) = (1/TI) j JP(0,X). H(X-X')dX' d0 (4)

where H(X) is the filter function. Shepp and Logan filter function[4] is used in this
CT reconstruction programme.

X-RAY COMPUTED TOMOGRAPHY USING FILM TECHNIQUE

The equipment of this research consists of two systems. The first is the radiographic
set used to take the radiographs of the test object in various projections which is
controlled by a microcontroller. The second is the automatic scanning densitometer
used to readout the relative density profiles and is controlled by microcomputer as
shown in Figure 2.
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The radiographic set (Fig. 3) is designed for data collection by taking the radiographs
of the test object. The stepping rotator of 3.6 degrees is installed infront of the lead
shield which has a slit of 8 mm x 80 mm. Behind the lead shield is the x-ray film
contained in an aluminum cassette (85 mm x 350 mm) that can move down with a
step of 10 mm each time. The movement of the film is synchronized with the rotation
of the test object. Only the x-ray beam transmitted through the test object and
incident on the slit are recorded on the film. Therefore, we need 52 projections to
obtain a CT image. The rotation of a stepping rotator and the movement of an
aluminum cassette are controlled by a microcontroller.

The automatic scanning densitometer (Fig. 4) is designed to readout the relative
density profiles from the radiographic films. It is controlled by microcomputer
system. The relative density profiles are displayed on the monitor and stored on
floppy disk.

THE CT RECONSTRUCTION PROGRAMME

Nowadays microcomputers have more capacity in handling computations and in
displaying excellent quality images. The IBM personal computers are commercially
available at a relatively low cost. The first objective of this work is, therefore, to
develop a CT image reconstruction programme to be used on the 80486DX IBM
compatible microcomputer with a VGA color monitor. The developed program for
this purpose is written in C language, then complied to be run under Disk Operation
System (DOS). The convolution filter backprojection (CFBP) technique and Shepp-
Logan filter function are selected for the reconstruction program. The reconstruction
time for 52 projections and 231 ray-sum for C language is about 1 minute. The CT
images are displayed for 64 gray levels on the graphic mode of 640 x 480 pixels.

TEST AND RESULT

For x-ray CT, the test objects are two aluminum models with different designs. The
first object (A) is call "siemens star" that is made from an aluminum cylinder of 3 mm
thickness and 50 mm diameter containing 4 aluminum wedges as shown in Fig. 5-a.
The second object (B) is an aluminum cylinder of 3 mm thickness and 50 mm
diameter containing 3 different sizes of rods i.e. 10x10 mm, 8x8 mm and 6x6 mm,
respectively, as shown in Fig. 6-a.

The CT images of the test objects radiographed by x-ray at different kilovoltage
settings i.e. 90, 100 and 120 kV are shown in Fig. 5(b-d) and Fig. 6(b-d), respectively.

CONCLUSION AND DISCUSSION

For the test objects it can be clearly seen that the CT images obtained from 100 kV x-
rays are better than these obtained from 90 kV and 120 kV x-rays in terms of image
contrast. With the same equipment and geometrical setup, better image contrast will
give better image resolution too. An appropriate x-ray energy can be obtained from
the x-ray exposure chart as is normally done in x-ray radiography. Too high or too
low energy will result in poor image contrast and therefore poor CT image.
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Fig 1. Illustration of x-ray spectrum before and Fig 2. Schematic diagram of X-ray
after passing through the test object radiographic Technique

Fig 3. The photograph of the x-ray
radiographic set

Fig 4. The photograph of an automatic
scan densitomete

257



ACXRI '96

(b) 90 kV

(c) lOOkV (d) 120 kV

Fig. 5 The photograph and CT image of the test object A with various energy

(c) 100 kV (d) 120 kV

Fig. 6 The photograph and CT image of the test object B with various energy

258


