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Abstract: CT technology has been widely used in clinical medicine, industrial engineering and other fields in contemporary
society. Since the traditional back projection reconstruction algorithm will introduce star artifacts, we decide to use a parallel
beam filtered back projection reconstruction model based on Radon changes and R-L filters. Since the rotation center of the
system does not coincide with the geometric center, the data will be missing when using Radon transformation, so we carry out
"edging" processing on the square tray. After processing the data to remove the gain (where the gain coefficient is 2.0033) and
removing the "edge" at the end of the filtering, we reconstructed the detected object and obtained the absorption rates of the ten
points required by the problem as follows :0.0126, 2.2902, 5.9159, 0.0163, 0.0823, 3.1336, 6.0333, 0.0000, 7.7184, 0.0861.
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1. Introduction

Computed Tomography (CT) can make use of the
absorption characteristics of radiation energy in samples of
biological tissues and engineering materials without
destroying the samples, so as to obtain the internal structure
information of the samples. A typical two-dimensional CT
system is shown in Figure 1, where the parallelly incident X-
rays are perpendicular to the detector plane, and each detector
unit is regarded as a receiving point and arranged equidistant.
The X-ray emitter and detector are fixed relative to each other,
and the whole transmitting and receiving system is rotated
180 times counterclockwise around a fixed rotation center.
For each X-ray direction, a detector with 512 equidistant
elements is used to measure the absorption and attenuation of
the two-dimensional media, and 180 groups of received
information are obtained after the gain processing.

There are often errors in the installation of CT systems,
which will affect the imaging quality, so it is necessary to
calibrate the parameters of the installed CT system, that is, to
calibrate the parameters of the CT system with the help of
samples with known structures (called templates), and image
the samples with unknown structures accordingly.

2. Data Source

The data are primarily derived from the experimental
results of multiple computed tomography (CT) systems and
related data sources on the Internet.

3. Model Establishment and Solution

3.1. The Reconstruction Model of Parallel
Beam Filter Backprojection is Established

In this paper, geometric relations and mathematical
principles have been employed to calculate a number of
parameters pertaining to the CT machine [1], including the
position of the rotation centre, the spacing of the detector
units and the number of X-ray directions utilised by the
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instrument. The objective is to optimise the data in order to
achieve calibration of the CT machine's parameters.

In order to obtain accurate images and successfully achieve
two-dimensional parallel wave back projection reconstruction,
it is necessary to establish a parallel beam back projection
reconstruction model [2]. The traditional model is a back
projection reconstruction model [3], but it has a significant
drawback in that it will introduce star artefacts[4]. Therefore,
it is essential to introduce a filter function and construct a
parallel beam filter back projection model. The modelling
process is divided into two parts: in the first part, the data is
transformed by Radon based on the absorption rate [5], and in
the second part, an RL filter is employed for filtering[6].
3.1.1. Radon Transformation and its Properties

Let us consider the function f(x,y) to be the density
function of the object to be reconstructed. Its Radon transform
is defined as the integral of a curve of the first kind along a
set of parallel X-rays:

R(@.1) = [ g, fCxy)ds (1)
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Figure 1. Google Scholar

In this context, R(¢,r) represents the Radon transform of



the function f(x,y). Each ray M is defined by two parameters:
6 and r. The first of these, @, denotes the angle between the
vertical line of ray M and the X-axis, while r denotes the
distance from the origin of ray L (see Figure 1).

The complete set of one-dimensional projections of f(x,y)
is provided for each two-dimensional image object. By
employing the variable r=xcos¢@ +ysin¢g and the
sampling characteristics of the impulse function, we can
derive the following:

R(@,1) = [f 2, fx,y)8(xcos @ + ysing — y)dxdy (2)

The aforementioned description provides an account of the
definition of the Radon transform.

The object to be scanned is reproduced in exact scale,
eliminating the necessity for consideration of isotropic
scaling, rotation, or translation of the function f(x,y).

Let us consider the parallel beam projection of f(x,y) at
angles @ — @, , which we shall denote by p,(X,) .
Theoretically, the projection p(x) and the density
distribution function f(x,y) can be expressed as the
accumulation of one-dimensional line integrals in the time
domain. However, it is challenging to identify a method of
projection reconstruction based on line integrals. The Fourier
slice theorem offers a more straightforward mathematical
relationship between projection and image in the frequency
domain. Its mathematical expression is as follows:

Fy [p<p(Xr)] =F(p, (p)lgo:(po 3)

The problem of projection image reconstruction can be
solved according to the following process: firstly, the
projection must be collected under different angles. Secondly,
the one-dimensional Fourier transform of each projection
must be found. Thirdly, the two-dimensional Fourier
transform of the image must be obtained by applying the
Fourier theorem. Fourthly, the slices of the two-dimensional
Fourier transform of the image must be gathered into the 2D
Fourier transform of the image. Finally, the reconstructed
image must be obtained by inverse transformation.

3.1.2. R-L Filter

In accordance with the aforementioned principles, we have
elected to adopt the R-L filter. The discrete form of the R-L
filter was initially proposed by Indian scholars Ramachandran
and Lakshminarayanan, whose frequency domain number
is[7]:

3 _ P
Hp-i(p) = IpIW(p) = Iplrect (Z) “)
Formula:
1
rect (ﬂ) = {1’ Pl <B =2 )
2B 0, other

In this context, p represents the spatial frequency, while
W(p) denotes the window function.
The corresponding time-domain convolution function,
hg_.(X;), is given by:
hg-.(X,) = 2B?sinc(2x, B) — B?sinc? (x, B) (6)
The discrete form of hp_; (X,) is derived by substituting
X, = nd into equation (6).
1

m ,n= 0
hrp_ (X)) = 0 ,n = Even number (7)
#;12 ,n = 0dd number

R-L filter form is simple and practical, the reconstruction
effect is good, the outline is clear.

67

3.1.3. Parallel Beam Filter Back Projection
Reconstruction Model
Let the image to be reconstructed be b(x,y)and its two-
dimensional Fourier transform be B(w;, w,). According to
the Fourier slice theorem,B(p, #) can be obtained by the one-
dimensional Fourier transform of the projection p,(X;) of
b(x,y) under different angles ¢, i.e. :

B(wy,w,) = B(p,0) = Fi[p,(X,)] = P, )  (8)
It is necessary to reconstruct the image.
b(p,0) =Db(x,y) = F3*[B(w;, w,)]

= [ do [~ IpIP(p, @)el?™reos®=e) - (9)

The integral of the second half of the above equation is
written as the inverse Fourier transform of the spatial variable

(X, = rcos(6 — @)):
j [pIP(p, @)e2mPrees@=@dp = f IpIP(p, @)e2 ™ rdp

=hX) * pX;, @)
= g(Xr: (P)
= g(rcos(® — @), ) (10)

Formula:
gXr, @) = h(X;) * p(X;, @) (11)
It can be demonstrated that
b(r,6) = [ glrcos(0 —@)lde  (12)

The physical meaning of the above formula is as follows:
the cumulative back projection reconstruction of all the
filtered ray projections at a given point (r,8) in the range of
0~Tt is obtained, and the pixel value of the point (r,0) is
obtained. This is the filtered back projection equation [8],
which can concentrate the various steps of the filtered back
projection algorithm.

In summary, we will use parallel beam filter back
projection to reconstruct the model and solve the model.

3.2. Realization and Problem Solving of the
Reconstructed Model of Parallel Beam
Filter Backprojection

In accordance with the aforementioned algorithmic
principle, the iradon function within the MATLAB software
program represents a filter backprojection function based on
the R-L filter. Consequently, this model can be directly
implemented through the iradon function.

3.2.1. Scale Factor Processing

Given that the data has undergone gain processing, it is
essential to ascertain the relationship between the data
obtained by the computer and the data after gain processing
when utilising the computer for back projection. In this regard,
a back-projection calculation was initially performed on the
data, the absorptivity of each pixel was obtained, and a
relationship function was established between the two. The
absorptivity obtained by the computer was then found to be
approximately proportional to the original absorptivity [9] of
the data, with a proportional coefficient of k=2.033, as
determined by MATLAB.

X, = kX (13)

In this context, X; represents the absorption rate
calculated by the computer, while X, denotes the original
absorption rate.

3.2.2. "Edging" Treatment

As a consequence of the installation error, the centre of
rotation is not aligned with the geometric centre of the square
tray. This results in a significant discrepancy when utilising
the iradon function directly. In light of the aforementioned



considerations, the "edging" treatment was applied to the
square tray (as illustrated in Figure 2). This procedure entailed
the transformation of the geometric centre of the square tray,
designated as "o", to the rotation centre, represented by "x".
Consequently, the geometric centre of the resulting edged
square, indicated as "x", became the rotation centre[10].

Figure 2. Geometric relationship diagram of large square and
component after edging treatment

Following the application of the 'edging' treatment to the
square tray, the resulting 'new large square tray' exhibits a
rotation centre situated at the tray's centre point, thereby
eliminating the system error. At this juncture, the iradon
function can be employed directly to calculate the filtered
back projection.

3.2.3. Filter Back Projection Calculation

The corresponding program was developed using
MATLAB software, and the filtered back projection of the
data was calculated using the iradon function. The resulting
calculations are presented in Figure 3.

Figure 3. Inversion reconstruction after "edging"

In order to obtain the geometry of the object to be scanned
on the actual square tray and its determined position, it is also
necessary to carry out the process of "edge removal". The
resulting operation, following the completion of the
aforementioned edge removal and the multiplication by the
scale coefficient, is illustrated in Figure 4.

Figure 4. Inversion map after removing the "edging"

The ten determined points are presented in Table 1, which
also shows the parameters of each point:

Table 1. Ten determined point absorptivity

X Y Absorptivity
10.0000 18.0000 0.0000
34.5000 25.0000 0.9722
43.5000 33.0000 0.0036
45.0000 75.5000 1.1761
48.5000 55.5000 1.0426
50.0000 75.5000 1.4652
56.0000 76.5000 1.2849
65.5000 37.0000 0.0007
79.5000 18.0000 0.0000
98.5000 43.5000 0.0175

Subsequently, the Wiener2 filter is employed for the
purpose of noise reduction and colour level processing,
thereby facilitating the generation of the image, as illustrated
in Figure 5.

Figure 5. Reconstructed image after noise reduction

The ten determined points are presented in Table 2, which
also shows the parameters of each point:



Table 2. Absorption rate after noise reduction at ten definite

points
X Y Absorptivity
10.0000 18.0000 0.0126
34.5000 25.0000 2.2902
43.5000 33.0000 5.9159
45.0000 75.5000 0.0163
48.5000 55.5000 0.0823
50.0000 75.5000 3.1336
56.0000 76.5000 6.0333
65.5000 37.0000 0.0000
79.5000 18.0000 7.7184
98.5000 43.5000 0.0861

4. Conclusion

The models established by us can solve the problems of
parameter calibration and image reconstruction well, and the
scope of application is easy to popularize. Different filtering
functions can be adopted for different problems to eliminate
the influence of different factors on the absorption rate.

5. Literature References

References must be cited in the text within brackets in
numerical order, starting with [1]. Do not use Word’s
automated numbering features. Consecutive reference
number citations should be indicated with an n-dash (—) [2-4]
or a comma [5, 6] as necessary. In sentences, use the author
names instead of “Reference [7]” or “as in [8]” (e.g., “Smith
and Smith [9] show ...”).

The reference list must be typed in manually. Do not use
Word’s References feature or numbered list. In the reference
list, provide up to three authors’ names; if more than three
authors, use “et al.” Place a space between an authors' initials.
Papers that have not been published should be cited as
“unpublished” [7]. Papers that have been submitted or
accepted for publication should be cited as “submitted for
publication” [8]. Please give affiliations and addresses for
personal communications [9]. Use sentence case for the
words in a paper title.

6. Conclusion

The manuscript should include a conclusion. In this section,
summarize what was described in your paper. Future
directions may also be included in this section. Authors are
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strongly encouraged not to reference multiple figures or tables
in the conclusion; these should be referenced in the body of
the paper.
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