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ABSTRACT

The image quality, ofanimagereconsmlctedbyacompmedtomography(cnsymis
presented as a factor depending on the standard deviation of the reconstructed image. The
main factors affecting the image quality are classified to three main groups depending on the
CT system (hardware), the CT algorithm (software), and the scanning parameters. Each of
these groups is' studied, explained, and applied on a real scan. The images reconstructed of
an object (model of a solid propellant rocket motor) by varying the type of detector, the
collimator, the CT algorithm, the image resolution, and the scanning parameter are presented
and compared by calculating the image quality factor.

1. INTRODUCTION :

In the computed tomography (CT) technique, the image quality is represented by the spatial
resolution, the contrast resolution, and the reconstructed values of the reconstructed variable.
The spatial resolution is defined as the minimum resolvable distance between two objects. The
contrast resolution is defined as the minimum detectable difference of the reconstructed
variable. Sekiharal!! developed a theoretical model to calculate the contrast-detail diagrams
that can be used to express the image quality of an x-ray CT. The implemented CT system
[2,3] was used to scan and reconstruct images of an object (model of a solid propellant rocket
motor) cross-section. This CT system consists of a gamma-ray source, radiation detector,
movement system, pre-amplifier, main amplifier, low pass analogue filter, analogue-to-digital
converter, and personal computer.

The main factors, which affect the image quality in the CT technique, are classified to three
groups. The first group depends on the CT system (hardware), the second depends on the CT
algorithm, and the third depends on the scanning parameters. The parameters, of the CT
hardware, which affect the image quality are: -

(a) sensitivity of the radiation detector(s),

(b) error in adjusting the projection angle,

(c) error in adjusting the ray sum position,

(d) ray sum (beam) thickness.
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The parameters, of the CT algorithm, which affect the image quality are:

(a) type of the reconstruction technique (Algebraic Reconstruction Technique "ART",
Linear Super-position with Compensation "LSC", and the Fourier Convolution
Technique "FCT™),

(b) by using the FCT, type of the used filter function,

(¢) resolution of the reconstructed image.

The scanning parameters affecting the image quality are:
(a) number of projections (b) number of ray sums

The images of the tested object reconstructed by different algorithms, scanning methods, and
scanning parameters are illustrated and compared with the real mode. The comparison was
made on the reconstructed variable by calculating the Image Quality Factor IQF which is
created in this experimental study and defined as,

IQF =1 -0 1)

where G is the standard deviation of all the pixels in the scanning domain with respect to the
real value. By representing the tested object as a matrix of NxN pixels, G is defined as,
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where hy; is the reconstructed value of a pixel in the i row and the jt colurmn, Ch;; is the

real value of this pixel, and N is the order of the matrix which represents the tested object.

2. CT SYSTEM

The computed tomography systems, which have been used in the industrial applications [2-4],
have different features of that which are used in the medical applications especially for the
type of radiation, the scanning movement, and the scanning time. The implemented CT
system [2,3], Fig. 1, was used to scan and reconstruct images of an object cross-section. The
radiation source is a ®*Co gamma-ray source, the radiation detector is a Sodium Todide Nal
scintillation detector integrated with a photomultiplier tube. The signals collected from the
detector are amplified by a pre-amplifier and main amplifier, filtered by a low-pass analogue
filter, digitized by an analogue-to-digital converter, and stored in a personal computer. These
data are used as input for the reconstruction software (CT algorithm) to reconstruct an image
of the tested object cross-section at the scanning position.
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1. radiation source

2. radiation detector

3. pre-amplifier

4. main amplifier

5. low-pass analogue filter

6. analog-to-digital converter -
7. personal computer

8. movement system

9. tested object

Fig. 1 Scheme of the implemented CT system

The tested object is a model of a solid propellant rocket motor. The model cross-section is
shown in Fig. 2. The casing was made of steel (hg, = 0.0419 mm™) as a cylinder of 80 mm
diameter and 4 mm thickness. The cross perforated grain was made of aluminium (h,, =
0.0151 mm'") of 20 mm core diameter, 10 mm ripe width, and 40 mm ripe length. Each ripe
is ended by a semi-circle of 5 mm radius. ?

Fig 2 Cross-section of the tested object (model of a solid propellant rocket motor)

3. FACTORS, OF THE CT HARDWARE, AFFECTING THE IMAGE QUALITY
3.1. Semsitivity of the Radiation Detector

The measured value of the same attenuated ray sum is varying by using different types of
radiation detectors [3], that is due to the sensitivity of each detector which affect the measured
value of the ray sum and so the reconstructed image. The author 3] reconstructed two images
of an educational model of a solid propellant rocket motor by the same scanming parameter.
The first was by using a Nal detector which gives IQF = 0.9833. The second was by using
the photo-diode (BPX 65) as a radiation detector which gives IQF = 0.9698.

i
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3.2. Enor in Adjusting the Projection Angle

The scanning limits of projections are 0:7. The number of projections is determined by the
angular shift between two projections. During the scanning by the implemented CT system,
the system collects 12000 readings for each ray sum through the scanning from 0° to 180°
This means that to use 180 projections separated by 1° in the reconstruction, each projection
is calculated by the mean value of approximate 67 readings which gives an average value and
s0 decreases the image quality.

It is recommended to use a shaft encoder as an external trigger to collect the data at the
specified position(s) of the projection(s).

3.3. Error in Adjusting the Ray Sum Position

Because of a lack in the -fund, the scanning was made by using a single radiation detector.
This detector is shifted through all the ray sums positions. In the case of the parallel beams
scanning, the error was ~ 0.2 mm. In the fan-beam scanning, the error was = (),3°.

To avoid this errors, it is recommended to use a detector array which has pre-adjusted and
accurate positions.

3.5. The Scanning Beam Thickness

The scanning beam thickness is represented by the detector collimator aperture. Ichihara[5]
demonstrated the effect of the fan-beam collimator on the spatial reselution and the sensitivity
of the imaging. To study the effect of the beam thickness on the image quality, the tested
object, Fig. 2, was scanned three times. The first without collimator, the second by a
collimator of 5 mm beam thickness, and the third by a collimator of 2 mm beam thickness.

The model was scanned by 81 ray sums separated by 1 mm and 72 projections (0:). The
two- and three-dimensional images reconstructed of the model cross-section are shown in F ig.
3. The image quality factors IQFs were calculated for the three images as shown in Tabje. |
which shows the effect of the beam thickness on the image quality.

Table 1 IQF vs collimators

Collimator IQF
No collimator 0.9587

5 mm 0.9688
2 mm 0.9742
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Fig. 3 Two- and three-dimensional; images reconstructed by (upper) no collimator, (middle)
5 mm beam thickness, and. (lower) 2 mm beam thickness.

4, FACTORS, OF THE CT JOFTWARE, AFFECTING THE IMAGE QUALITY
4.1. The Reconstruction Technique

Several CT algorithms have been used since the first generation scanner. The most familias
CT algorithms are the Algebraic Reconstruction Technique "ART", the Linear Superpositior!
with Compensation "LSC", and the Fourier Convolution Technique "FCT". After the
comparative study on the CT algorithms (ART, LSC, and FCT) had been made [6], it was
found that the most precise algorithm is the FCT. To verify that conclusion, the measured
data of the 81 ray sums through the 72 projections were used to reconstruct images of the
rocket model by using the three algorithms. The two- and three-dimensional images
reconstructed by the three algorithms are shown in Fig. 4. The IQFs of these images are
shown in Table 2.



Fig. 4 Two- and three-dimensional
{lower) FCT.

Table 2 IQF Vs reconstruction techniques

{

images reconstructed by (upper) ART, ( middle) LSC, an

algorithm

IQF

ART 0.9268

LSC

0.9591

FCT

0.9742

4.2. By Using the FCT, the Used Filter Function

In the reconstruction by using the FCT, Shepp and Logan [7] presented the reconstructed
variable, h,from the Fourier inversion formula and

formula to an approximated summation depending on the filter fiunction, M Shepp and Logan
(8] modified this filter function to be @' to decrease the
spatial resolution. The authors [9] presented a new filter

the FCT.

transformed the integral form in this

effect of noise with some loss of the
function @ with a new version of
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The images, of the tested object, reconstructed by using @, @', and the new version with @
are shown in Fig. 5 to show the effect of the filter function on the image quality. Table 3
shows IQFs of the images presented in Fig. 5.
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Fig. 5 Two- and Three-dimensional images reconstructed by usmg (upper) @, (middle) ¢
and (lower) the new version with the modified filter ON

Fable 3 IQF vs filter functions

Filter function [QF
| O 0.9742
@ 0.9687
new version + @~ |  0.9858
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4.3. Resolution of the Reconstructed Image

To show the effect of the resolution on the image quality, three images were reconstructed
with different resolutions (1 mm, 0.5 mm, and 0.25 mm). Fig. 6 shows the images
reconstructed with different resolutions. Table 4 shows the values of IQFs of these images.

Fig. 6 Images reconstructed by different resolution (left) 1.0 mm, (middle) 0.5 mm. an
(right) 0.25 mm

Table 4 [OF vs resolutions
| Pelsize | 1P|
1.0 mm 0.9793
0.5 mm 0.9858
0.25 mm 0.9871

3. SCANNING PARAMETERS AFFECTING THE IMAGE QUALITY

The scanning parameters, which affect the image quality, are the number of ray sums and the
number of projections. Series of images were reconstructed by different numbers of
projections M and different numbers of ray sums K to show the effect of the number of
projections and the number of ray sums on the image quality. Fig. 7 illustrates 9 images, each
row was reconstructed by a different number of projections (M = 18, 36, and 72 projections)
and each column was reconstructed by a different number of ray sums (K = 21, 41, and 81
ray sums). The IQFs of these images are recorded in Table 5 to show the effect of the
scanning parameters on the image quality. The scanning method (parallel beams scanning or
fan-beam scanning) also affects the image quality [6] .. In the case of the fan-beam scanning,
the images reconstructed by different fan-beams (different fan vertex angle) have different
image quality. The effect of the scanning method and the fan vertex angle are not included
in this study.

At Ry



Fig. 7 Images reconstructed by different scanning parameters (upper) M = 18, (middle)
M = 36, (lower) M = 72 projections, (left) K = 21, (middle) K =41, and (right)
K = 81 ray sums

Table 5 IQF vs M and K

| K
M 2 | «a | s
18 | 09379 | 0955 | 0968l
36 | 09392 | 09587 | 09738 |
72 | osa | 09632 | 09858 1

6. CONCLUSION

The image quality, of an image reconstructed by a CT system, can be indicated by calculating

the image quality factor IQF which represents the spatial resolution and the reconstructec

values of the reconstructed variable. To get the highest IQF (very close to the value of one)

the following recommendations are required:

(a) the radiation detector of a higher sensitivity decreases the error in the scanning data,

(b) the positions of projections have to be determined by using a shaft encoder as an externa
trigger to avoid the error of the projections positions,
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(c) use a detector array to contain all the detectors and avoid the error in the scanning beam
position, ‘
(d) the narrower scanning beam thickness gives the better image quality,

(€) use the new version of the Fourier convolution algorithm with the modified filter function
toreconsu'uctmehnagcﬁ'omthescarmingdata, :
(f) increase the order of the matrix which represents the tested object to decrease the image

resolution (pixel size),
(g) increase the number of projections to get the pixel reconstructed value very close to the
réal value, and

(h) increase the number of ray sums, in each projection, to enhance the spatial resolution.
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