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Abstract. This paper presents a development of micro Computed Tomography (microCT)
imaging system based on digital radiography. The system comprises stepper motor, CMOS
detector, microcontroller and digital radiography unit. Scanning process was done by rotating
the object while exposing its cross- sectional surface to X-ray radiation. The object was
rotated by using stepper motor controlled by microcontroller. The normal of cross-sectional
surface taken as the rotation axis. Therefore, a number of 2D image slices were obtained by
rotating the object from 0° to 360°. The 2D image slices were then reconstructed to form 3D
image using computer. By using the proposed microCT, analysis of surface and internal of the
object can be done in 3D image and 2D image (slice) for nondestructive testing (NDT)
application.

1. Introduction

Non-destructive testing (NDT) is an interesting method in evaluating material or system since it does
not caused any damages to the object being analysed. One of popular methods in NDT is X-ray
micro computed tomography (microCT). MicroCT is interested since it provides high resolution 3D
image up to micrometer range which allows researchers to study sample morphology and its features
such as density, particle size and porosity. Originally, MicroCT was used in medical application such
as to evaluate bone resorption [1], brain cancer imaging [2] and microarchitecture of maxilla [3].
However, recently, the usage of microCT has changed from a qualitative imaging to a quantitative
measurement [4]. In NDT application, microCT has been used to observe failure in lithium ion-
battery [5], dentinal crack [6] and carbon nanotube morphology [7].

Due to its wide applications, microCT equipment is highly demanded for research and medical
purposes. However, microCT is a high cost equipment so that research institutions and medical clinics
with small fund could not afford it. In this work we propose a modified microCT equipment by
modifying a conventional radiography. The conventional radiography was first modified to be digital
radiography by using intensifying screen, light tube and digital camera [8]. Then, to build microCT
using the modified digital radiography, we implement stepper motor to rotate the object which is
controlled by Arduino microcontroller. By utilizing the existing conventional radiography, we obtain
low cost microCT equipment which is suitable for small clinics and small research institutions.
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2. Methods
The system comprises stepper motor, CMOS detector, microcontroller and digital radiography unit.
Scanning process was done by rotating the object while exposing its cross- sectional surface to X-ray
radiation. The object was rotated by using stepper motor controlled by microcontroller. The normal
of cross-sectional surface taken as the rotation axis. Therefore, a number of 2D image slices were
obtained by rotating the object from 0o to 3600. The 2D image slices were then reconstructed to form
3D image using computer. Image processing is done by a computer using Matlab-based image
software.

The RD imaging system has been modified into a system micro-CT to find out the surface
and internal details of objects tested, by putting an object between the X-ray source and detector
CMOS and wipe 1 IGUs rotate the object, as shown in Figure 1.
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Figure 1. Schematic diagram of micro CT [9].

2.1. X-ray generator

The main unit in the CT system is the X-ray generator. The X-rays produced by regulating exposure
factor (kV, mA, s, distance) on the control table. The resulting X-ray beam was exposed to the
sample, resulting in a 2D radiograph. The X-ray source used in this experiment is a mobile X-
ray plane with an X-ray tube that emits an X-ray beam. The X ray emits cone beam shape where the
origin of the X-rays are spots focus on the target metal and the light emitted spreads towards the
sample or object.

2.2. Sample Rotation to obtain sequential projection images

The sample or object is positioned above a horizontal plane, then the object is rotated using a stepper
motor controlled by Arduino micro controller with the specified viewpoint, as shown in Figure 2 [10].
For in vivo scanning, to obtain sequential images, it is the X-ray source pair and detector that are
rotated. At each scanning step, new projection image is recorded. The scanning and image recording
are done during sample rotation from 0°to 360°.
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Figure 2. Stepper motor with arduino micro controller [10].

2.3. Reconstruction of Projection Images into Virtual Slices

The computational process of information on the internal structure of the projected image is known as
reconstruction. This procedure produces heap image reconstruction (also referred to as "cross-sectional
images" or "slices (slices)"). The results of the X-ray capture by the CMOS detector are then
reconstructed into a series of two-dimensional axial slices, which each pixel in the slices provides
information on how much X-rays are absorbed by the organ represented by the pixel. This
cross section can then be used to view internal features, analyzed and then reconstructed into virtual
3D models. The image acquisition process was carried out using Matlab application -based software.

The digital images stored on the server can be accessed and processed using image processing
software which was developed using Matlab.

3. Results and Discussion

The stepper motor was first optimized to obtain an optimum rotational angle of each step. It was
obtained that the rotational angle of each step is 1.4° with 3.125 % of error. Hence, rotation of the
stepper motor is quite linear and thus suitable to be used to rotate objects on a microCT system. The
developed acquisition system to capture a projection image of each 1.4° rotational angles is shown in
Figure 3. The radiographic results or so-called acquisition images were taken from each X-ray
exposure and changes in the rotation of a stepper motor controlled by a microcontroller with an
exposure factor of 0.20 s, 50 kV and 16 mA. The acquisition images containing 256 images were
stored on a PC hard drive that were then used for reconstruction processes. In this work, we used a
phantom as a sample. The phantom radiographs at the 128" step is shown in Figure 4.
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Figure 3. MicroCT acquisition system

Figure 4. Phantom image with exposure factors of 50kV, 0.2 s and 16 mA.

Reconstruction was then performed to the phantom images obtained from the whole rotation steps.
The reconstructed image of the phantom is shown in Figure 5. It is clearly shown that there are many
noises in the image. To remove the noises, the image was filtered and segmented. The 3D image after
filtering process is shown in Figure 6. It is shown that the noise has been removed leaving a clear
image of the phantom.
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Figure 5. Reconstruction results of phantom object.
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Figure 6. 3D reconstruction results with filters and segmentation.

4. Conclusion

The modified microCT system has been designed. It was demonstrated that the system perform well in
terms of acquisition system and image processing system. The system also provides low cost and easy
operation.
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