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1. Introduction

Due to the increase of cargo volume and the danger
of terrorism, the importance of cargo scanner is
increasing day by day. There are two methods of
scanning cargoes; inspecting the cargoes with opening
by hand, and without opening using the X-ray.
Especially, the scanning method using X-ray has been
mainly used for smuggling monitoring because it can
search cargoes quickly, and its use is expanding at
present. And compared to 2D measurements, it has
advantageous to 3D measurements because it can obtain
more information. There are several methods for
acquiring 3D images using the X-ray, in this research,
stereo scanning method was used shown in fig. 1. Stereo
scanning method can acquire information according the
depth of the object, and it is advantageous in that it can
be searched at a high speed compared to an image
acquired with 3D-tomography. Therefore, we developed
a stereo scan cargo scanner simulator before installing a
practical cargo scanner.
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Fig. 1. The schematic of x-ray stereo scanner
2. Methods and Results
2.1 Simulation software model

In this simulation, three types of parameters were set.
The three types of parameters are divided into the
mechanical part, the object part, and the detector part,
respectively.

The mechanical part consists of parameters related to
the overall system. This part includes the distance from
the x-ray source to the object, the distance from the
object to the detector, and the overall system size.

The object part consists of parameters related to the
object required for the stereo scanning method. This
part includes the object size, shape, position, and the
movement speed in the overall system.

The detector part consists of parameters related to the
detector. For the stereo scanning method, the two 1D
detectors are needed. This part includes the position and
size of the two 1D detectors, and the angles at which the
detectors are located on the overall system. The
specifications for simulation software model are shown
in Table 1.

Table 1. The specifications of cargo scanner simulator
software parameters

Classification Items Specifications
Source-to-object
. 50 cm
Distance
Mechanical | Object-to-detector
. 50 cm
parts Distance
Overal_l system 100 cm
size
Rectangular,
Shape spherical,
cylindrical (2)
Object parts Size 10x20x10 cm?®
Depth Variable (3)
Speed 0.025, 0.05, 0.1
P cm /pixels (4)
Size 24 cm
Detector parts | Number of pixels 512
Angles 0,3, 5°(1)

To implement this simulation, MATLAB was used.
Fig. 2 ~ fig. 5. shows the results of stereo scanning
simulation software under various conditions. As a
result, we can create the projection images with
different angles, different object shape, different depth,
different object movement speed.
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Fig. 2. The result 'images by different detector angles; a)
0,b)3,¢)5
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Fig. 3. The result images by different object shape; a)
Rectangular, b) Cylindrical, c¢) Spherical
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Fig. 4. The result images by different object depth; a) 1
cm, b) 5¢cm, ¢) 10 cm
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speed; a) 0.025 cm /pixels, b) 0.05 cm /pixels, ¢) 0.1 cm
Ipixels

2.2 Hardware setup

To build the hardware, we need the x-ray source, the
x-ray detector, the object, and the linear motor stage
shown in fig. 6. The object was selected as a cylindrical
object with a diameter of 3 cm and a length of 4 cm
shown in fig. 7. And the linear motor stage was set to
move by 0.1 mm. Detector angle was set to 0° and 5.
The obtained images were implemented as stereo
images through image processing. The result images are
shown in fig. 8. In this result, stereo images are
successfully obtained.
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Fig 6. The stereo sEaning simulator hardware setup

Fig 7. The object used in stereo scanning simulator
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Fig. 8. The stereo image result using stereo scanning
simulator hardware setup

3. Conclusions

Since the practical cargo scanner is expensive to
operate, the developed simulator is worth using. This
simulator can be used as a test and feedback before
starting the practical cargo scanner. And system
optimization and material identification through dual X-
ray energy will be done in further works.
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