International Journal of Science and Research (1JSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2016): 79.57 | Impact Factor (2015): 6.391

CT System Parameters Determination based on
Calibration Method

Ling Liu', Hao Tang? Yuhan Zhou®, Jun Ye*

1.2 4School of Mathematics and Statistics, Sichuan University of Science and Engineering, Sichuan, China

3School of Civil Engineering, Sichuan University of Science and Engineering, Sichuan, China

Abstract: Parameter calibration of the installed CT system can reduce the error and improve the imaging quality. Based on the
geometric information of the known calibration template, the corresponding absorption rate and the received information, three
calibration parameters are obtained by Matlab software programming based on the formulas of Radon transformation and Radon inverse
transformation: 180 directions of the X-ray used by the CT system, the detector The distance between units, the center of rotation of the CT

system in the square pallet.
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1. Introduction

Computed Tomography(CT), one of the most advanced
imaging technologies available today, has become
indispensable in the fields of clinical medicine, industry,
materials and biology with its advantages of non-contact,
non-destructive, high resolution, The important technology. It
can take advantage of the sample's ability to absorb radiation
energy to tomograph samples of biological tissue and
engineered materials without damaging the sample, thereby
obtaining structural information inside the sample. CT
system[1-5] installation often have errors, thus affecting the
imaging quality, which has varying degrees of impact on the
application of various fields, the installation of a good
calibration of the CT system parameters can reduce the error
and thus improve the quality of the imaging, calibration of the
CT system parameters Research is of great significance. Based
on a typical two-dimensional CT system, the parameters of a
CT system were calibrated with the aid of the known sample
structure.

Placing a calibration template consisting of two uniform solid
media on a square pallet, the geometric information of the
template is shown in Figure 1.
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Figure 1: Schematic diagram of the template (unit: mm)

Three calibration parameters can be determined based on the

geometry of the calibration template, the absorbance data for

each point, and the received message data corresponding to the
template: 180 directions of x-rays used by the CT system,

between detector elements The distance from the CT system
center of rotation in the square tray.

2. Preliminaries
2.1 CT system basic idea

Select a number of ideal X-ray source, uniform arrangement,
placed in the opposite side of the X-ray detector to detect the
intensity of X-ray radiation emitted by the detector and the
detector receives the attenuation of the radiation intensity.
Then rotate a small angle to record another set of data at this
time.

According to Beer theorem:
jLﬂou =In(1, /1)

Where g is the linear attenuation coefficient of the object

with respect to the X-ray and L is the path of the X-ray in a
certain direction.

In the case of known I, and | ,_[L wdl can be obtained, and

finally according to the distribution of g images, restore
objects.

2.2 Two-dimensional space Radon transformation
(x.y)=X

L 3

Figure 2: Radon Transform Diagram
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If the function f (X, y) is smooth, it means that it is C”, the
expression R? on the straight line Ipw is:

p=(XY) ®=Xcosé+ycosb

Where p is the normal length ( p = 0 as the distance from the
origin to the straight line Ipw), 6 is the normal vector and
the X axis of intersection (0 <6 <27), w=(cosé,sin @)
is the unit vector from the origin to the straight line. The
compact set function f(X,y) on R’ along the linear L,

radon transform Rf (p, @) is defined as:

Rf = .[ f(x,y)do = j f(pcos@—scosd, psind+scosd)ds

o

1
Mark Rf (p, &) = Rf (p, w) , due to: W
Rf (—p, w)=Rf (p, -®)
The range of (p, &) variation is consider as:
—0o<p<w,0Lf<rx

Thus, the Radon transformation [6-10] is used to calculate the
direction of the projection of the image matrix, the projection
of the function f (X, y) isaline integral in a certain direction.

Let X =(x,y), & = (cos@,sin @) ,then we can give f(X,Y)

the Radon transformation inversion formula:
=17 % 1 ORf
fy)=——[do] ———dp ()
2z 0 S h-&-X op
Through the above formula can be completed CT imaging
system function transformation.

2.3 Simulation Radon transform and Radon inverse
transform

Using formula (1) and (2) to do Radon transform and Radon

inverse to the calibration template, Figure 3 and Figure 4 are
obtained:

=
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Figure 3: Templateafter Figure 4: template by Radon
Radontransform diagram inverse transform diagram

= = = - - T -

Figure 5: Template to receive information conversion
diagram

Figure 4 is consistent with Figure 1, comparing Figure 3 and
Figure 5, you can find two pieces of Figure 5 by splicing
together very similar to Figure 3, Figure 3 is the simulation of
CT scan one week (ie 360 °) to get the absorption rate, and
therefore It can be judged that the received information data of
this template is the medium absorption information scanned by
the detector rotated by 180 °, that is, the total amplitude of
rotation is determined, which plays an important role in
solving the following model.

3. Mathematic Model
3.1 Directions of X-ray

Use the Matlab software to receive the template information of
the Radon inverse transform, and then according to numerical
values from dark to light rules to draw graphics, to restore the
template picture, as shown in Figure 6.

Figure 6: Received information by Radon inverse transform
reduction map

Figure 6 shows the position of the medium at the initial
detection (ie, non-rotation) of the detector. Combined with the
data in the first column of the reception information table of
the template, it can be seen that the detector is placed
horizontally below and the parallel beams are emitted from top
to bottom.

According to the Matlab programming solution, the major
axis of the vertical elliptical form of the detector beam can be
obtained. That is, the major axis of the vertical elliptical form
of the detector beam is rotated 62 times when rotating to the
vertical direction. The detector beam rotates perpendicular to
the minor axis of the elliptical template, that is, rotates 151
times in the horizontal direction.

If the detector is rotated evenly, each rotation angle is:

90’ )
0= -1.0112
151-62

Here, the minor axis of the elliptical template is horizontal O °,
then the Oth rotation, that is, the initial angle is:

90" —62x AG=27.3034"

In summary, the X-ray angle of 180 directions formula is:
D =27.3034" +CxAQ (3)
C Is the number of rotations, and
C=012,..,179,whenC =179, D = 208.3082
So the range of rotation angle is:
[27.3034°, 208.3082"]
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3.2 Detector unit spacing

According to the received data of the template,
N, (N, >289) detectors wunit is obtained by Matlab
programmed to pass through the medium perpendicular to the

long axis of the ellipse (80mm long from the ellipse shown in
Figure 1), so that the detector unit spacing is:

d <

. mm ,which isd, <0.2778mm

N, -1
N, (N, >108) detectors unit will be perpendicular to the short

axis of the ellipse (30mm ellipse short axis shown in Figure 1)
through the medium, the detector unit spacing:

d, <

2

mm ,which isd, < 0.2804mm
N, -1

2
N, (N, > 29) detectors unit will pass through a small circular

medium with a diameter of 8mm, so that the detector unit
spacing is:

d, < mm ,which is d, < 0.2857mm

N, -1

3

Table 1: Detector unit spacing

Corresponding number of | Actual length |  Unit distance d
detector units N (mm) (mm)
289 80 0.2778
108 30 0.2804
29 8 0.2857

Detector unit spacing is fixed, the smaller the pitch, the smaller
the error, so you can determine the detector unit spacing:

d=d =0.2778mm.

3.3 Rotation center position

Since the error of the rotation center of the CT system deviates
from the center of the elliptical medium, the information
received by the separation of the small circular medium and
the elliptical medium is manually removed. Then, based on the
remaining data, the position of the rotation center is obtained
by Matlab and a square pallet The center is the origin, the
horizontal right is the axis, the vertical upward is the
rectangular coordinate system of the axis, as shown in Figure7.

Figure 7: Rotation center position diagram

Theoretically, the center of the ellipse is the origin (rotation
center) coordinate O(0,0) of the coordinate system. Due to

A

the installation deviation, the origin coordinate O'x'y’ of the

scanned coordinate O'(x,,Y,) is the rotation center and

defaults to be the central pixel point of the detector array. The
scan coordinate system and the theoretical origin of the

coordinate system there is an error |_and |, .
0 0

For the scan coordinate system and the theoretical coordinate
system center is not coincident, any point f (X, y) in the scan
space, the projection on the detector at different scan angles to

follow the following formula®®:

| =rxcos(¢—0)+I
I, = r><sin(¢—9)+|yo

The purpose of determining the rotation center is to determine
the value of the |, and |, other information in the formula is
redundant, for the formula, the maximum and minimum values
of |, and | are:

Xmax xa >(mm XD
then:
I +1
I X Xinin
XD -
Empathy:
o+
| = Yimax Yimin
Yo 2

Therefore, the projection original data can be analyzed to find
the recorded value in the direction of rotation of the theoretical
coordinate system, as shown in Figure 8, where the maximum
non-zero data interval in this direction is the maximum of
non-zero data. Theoretically, the center of the ellipse is located
at the origin of the theoretical coordinate system, as shown in
Figure 8, the projection points of the two ends of the long axis

of the ellipse are |ym and Iymm respectively.

Detectortheory rotation 180°
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Figure 8: CT theory of rotating scanning probe receiving
information schematic
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Find the value of the rotation of the theoretical coordinate
system 180 times the direction of the record, the direction of
the smallest non-zero data interval, that is, non-zero data
minimum. As shown in the figure, oval short axis, the first two

points of the projection point are Iym and Iymin respectively.
Obtained by the above formula:

I _ I Xmax + I Xmnin
X
2
I — I Ymax + I Ymin
Yo 2

Based on the given data, the coordinates of the rotation center
are calculated by Matlab as follows: (-9.3056,5.5556) .

4. Conclusion

In this paper, the calibration of the CT system is completed.
The range of 180 directions of the X-ray used by the CT

system is: [27.3034",208.3082°] ,the distance between the

detector units is: 0.2778mm ,the position of the center of
rotation of the CT system in the square pallet is:
(-9.3056,5.5556) .
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