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1. INTRODUCTION

The goal of industrial gamma ray computed to�
mography (CT) is to produce internal images of object
with sufficient detail to detect important features [1–
3]. Computed tomography is a non invasive imaging
technique that has been used extensively not only in
medicine, but also in nondestructive testing (NDT)
for many industrial applications such as mechanical
part manufacturing, production of composite materi�
als, waste container inspection, metrology, detection
of structural defects in concrete and others, heteroge�
neities in polymer objects, etc [4–7].

Contrast is usually used to assess the performance
of a gamma ray CT [3]. In gamma ray CT, the contrast
is affected by several factors. These factors are detec�
tor, collimator, counting time, etc. In [8] studied the
effect of beam width on reconstructed image contrast.
Their results demonstrated that for a constant source
collimator aperture, the root mean square (RMS)
contrast increases as the detector collimator aperture
increases. Also, for a constant detector collimator ap�
erture, the RMS contrast increases as the source colli�
mator apertures increases even though the variation is
negligible.

In [9] reported the results of experimental research
on rear collimator in gamma ray industrial CT, which
plays an important role in suppressing scattered radia�
tion and improving the CT performance. In [10, 11]
have investigated the influence of gamma energy on
the image contrast for material with different density
and counting time and shown that contrast is better in
lower energy and higher counting time.

In this article, we are intended to illustrate view and
position variations that influence in the contrast and
number of reconstructed image pixels. Firstly, the ba�
sic theory is defined, and then test setup and experi�

ment condition are explained. Finally, the test out�
come is comprehensively discussed and compared.

2. THEORY

Here, we investigate the effect of projection with
different views and positions on quality of industrial
CT images. Tomography imaging consists of directing
γ�rays into an object from multiple orientations and
measuring intensity decrease along a series of linear
paths. The intensity reduction is characterized by
Beer’s Law, which describes it as a function of γ�ray
energy, path length, and linear attenuation coefficient
of material. Finally, an algorithm is used to reconstruct
the images [12].

Imaging systems rely on reconstruction of an image
from its projections through the process of computed
tomography. The number of Δθ and Δr are views (m)
and positions (n) respectively, thus positions × views
(n × m) is called projections (Fig. 1). The changes of
views and positions can affect on the image quality
which here we use two of the image evaluating factors
that are root mean square (RMS) contrast and number
of reconstructed image pixels. 

2.1. RMS contrast

The RMS contrast in each image demonstrates the
effect of following factors on image quality. In the re�
constructed image, contrast is a criterion which shows
the color diversity of images and the difference in visu�
al properties that makes an object (or its representa�
tion in an image) distinguishable from other objects
and the background. In this paper, RMS contrast was
selected to compare image qualities. RMS contrast
does not depend on the spatial frequency content or
the spatial distribution of contrast in the image. RMS
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contrast is defined as the standard deviation of the pix�
el intensities.

, (1)

where intensities Iij are the i�th and j�th elements of

the two dimensional image of size M by N.  is the av�
erage intensity of all pixel values in the image. The pix�
els of image I are normalized to have intensity value in
the range of (0, 1). For comparing between all recon�
structed images with any gamma emitter source, all re�
constructed images of energy windows are normalized
to intensity range that have most value, in the other
words (0, 1) for normalization are related to one win�
dow which has most variety in color spectrum. It is
particularly necessary to note that these experiments
was performed in same condition and are repeatable.
As a result, image noise and artifacts do not affect
RMS contrast [13, 14].

2.2. Number of Reconstructed Image Pixels

The term resolution is cited as the total number of
pixels in the reconstructed image or output pixel. In�
creasing of this quantity improves image quality [3].

2.3. Radon Transform

The Radon transform computes projections of an
image. The Radon transform can be defined as the
collection of projections of an object gathered at vari�
ous angles. In a gamma�ray transmission, I, of a
mono�energetic radiation beam traversing a phantom
is given by the following equation:

, (2)

where I0 is the incident beam intensity of the radiation
beam, du is some differential path length, μ(x, y) is the
function describing the 2�dimensional distribution of
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attenuation coefficient in the imaged object at the
point (x, y), g, the transmittance of the object, is de�
fined as the logarithm of the ratio of the intensity of the
detected beam to the intensity of the emitted beam
and L is the line along which the beam travels. 

The line L can be represented uniquely by the pa�
rameters ρ and ϕ, where ϕ measures the counterclock�
wise angle of the line from the vertical, and ρ measures
the distance of the line from the origin of the (x, y)
plane. Thus, we can use the above formula to define a
transform which maps a function μ(x, y) to a function
g(ρ, ϕ), where g(ρ, ϕ) is the line integral of μ(x, y) over
the line defined by ρ and ϕ. This transform is known as
the Radon transform and denoted by R.

The Radon transform of μ(x, y) at same angle ϕ is
the line integral of μ parallel to the y axis:

(3)
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Fig. 1. Describing of (a) position and (b) views. S – Source, D – Detector.
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Fig. 2. The energy spectrum for applied source 75Se with
energy window 148–329 keV.
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The task of tomographic reconstruction is to find μ(x,
y) given knowledge of Rϕ(x'), therefore the Filtered
Back Projection algorithm is used to reconstruct from
the measured projections the inverse Radon transfor�
mation [15–17]. The FBP algorithm begins by filter�
ing the Radon transform data. There are many filters,
which can be used in our experiments; we used the
Ram�Lak filter to remove some of the high�frequency
components that are often fraught with noise.

3. EXPERIMENTAL SET�UP

A single�source – single�detector gamma comput�
ed tomography (CT) scanner system was used in this

study. In this setup, a NaI(Tl) detector 5.08 cm in di�
ameter is located opposite the center 75Se (40 mCi)
source. The energy window 148–329 keV with the en�
ergy spectrum for applied source is shown in Fig. 2.
The detector and the source are aligned by a point
semiconductor laser; also two cylindrical lead colli�
mators (5 mm diameter) were used for source and de�
tector (Fig. 3).

The position of phantom is defined by three mo�
tors, a schematic design of the system hardware is
shown in Fig. 4. In each movement, the phantom was
rotated by different steps Δθ (m views) and translated
in the direction of r with Δr (n positions). The CT
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Fig. 3. Configuration of source and detector collimator.
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scans are taken out by scanning 180° to collect attenu�
ation beams. There are n × m projections for produc�
ing of image and time of each projection is selected to
be 3 s. The field of view (FOV) linear course is 145 mm
that means 22 mm before and after of phantom.

A polyethylene phantom (0.93 g ⋅ cm–3) is used to
determine the 2D�imaging quality of the designed in�
dustrial CT system. The phantom is made as cylinder
(100 mm in diameter) on which 3 holes of 15 mm in
diameter are drilled. The holes are filled with expand�

ed range of density as mercury (13.53 g ⋅ cm–3), iron
(7.874 g ⋅ cm–3) and air (1.184 mg ⋅ cm–3) (Fig. 5).

Nuclear electronic system consists of a NaI(Tl)
(2 × 2'', 905�3 model, Eberline company), and a spe�
cialized MCA (PSS�1, NSTRI, Tehran, Iran) consists
of pre�amplifier, amplifier, high voltage (HV) and a
data acquisition system. In this MCA, universal writ�
ten software can simultaneously read positions and
steps, control the motors and MCA. After that, the
image is reconstructed from the measured projections
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Fig. 5. Polyethylene phantom 2D�image, mercury, iron, air holes for different positions and views (n × m) in each projection.
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by the filtered back projection method to bring about
the inverse Radon transformation.

4. RESULTS AND DISCUSSION

Measurements are made with a source of 75Se
(40 mCi) and with the phantom with 3 holes. The re�
sults are represented using reconstructed images con�

sisting of the RMS contrast. In this research, experi�
mental conditions for improving contrast such as dif�
ferent view and position for each projection were
performed in different study cases which images were
represented in Fig. 5. Also, experimental conditions,
the RMS contrast and number of reconstructed image
pixels for obtained results with different view and po�
sition are given in table.

10

60

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0
20 30 40

50

40

30

20

10

(g)

70

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0

60

50

40

30

20

10

(h)

20

90

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0
40 60 80

80

70

60

50

40

30

20

10

(i)

50 60 10 20 30 40 50 7060

Fig. 5. Contd. 

3500

3000

2500

2000

1500

1000

500

0 20 40 60 80 100 120
Positions

0 20 40 60 80 100 120
Views

(a) (b)

Pixel number

RMS Contrast × 10–4

Fig. 6. The results of RMS contrast and number of reconstructed image pixels vs. (a) number of Δr (position) (b) number of Δθ
(views).



ПРИБОРЫ И ТЕХНИКА ЭКСПЕРИМЕНТА  № 4  2011

INFLUENCE OF PROJECTION STEPS ON IMAGE QUALITY 107

5. CONCLUSION

In general, the changing of positions and views for
constant projections affect image quality. The results
show that increasing number of Δr (positions) has in�
verse and direct relationship with RMS contrast and
number of reconstructed image pixels, respectively.
Also, increasing number of Δr (positions) obtained
with smaller steps causes to increase reconstructed im�
age pixels. All of the acquired results for views (m) are
in reverse (Fig. 6). Therefore, for improving recon�
structed image quality in industrial and medical gam�
ma ray CT one should optimize positions and views.
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