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Abstract. The Industrial Computed Tomography (ICT) technology is an advance 
NDT technology not only to find the defects of workpieces, but also to get the exact 
internal material and structure information of the tested specimen. Nowadays, the ICT 
technology has been widely used in almost all the industrial production areas and has 
become the necessary technical guarantee for quality control, technical research, 
process innovation, and so on. In recent years, the technology has been known as a 
newly method to support the scientific research work. We have carried out several 
geological research projects on our accelerator based high energy X-ray industrial CT 
system combined with VG Studio Max software. In this paper, we will introduce the 
industrial CT system design, research method, ICT scanning experiments, 3D 
modeling and data processing in our research work. These geological research 
projects will be described in the paper, including the 3D analysis of soil specimen, the 
evaluation of rock breaking effect with high pressure water in different parameters, 
and so on. In these projects, the ICT technology can offer detailed data and new 
research idea from the aspects of visualization and quantification, and shows great 
potential in the future research of geological materials.  
Keywords：ICT, geological research, VG Studio Max 

1 Introduction  

The industrial computed tomography (ICT) technology is mainly used to detect the defects of 
workpieces, and get the exact internal material and structure information.  Nowadays, the 
ICT technology has been widely used in almost all the industrial production areas and has 
become the necessary technical guarantee for quality control, technical research, process 
innovation, and so on. 

Recently with the rapid development of X-ray, more and more researchers apply the ICT 
technology into studying the three-dimensional (3D) structure of materials. The ICT 
technology has some unique advantages that make it been known as a newly method to 
support the scientific research work. First, the ICT is non-contact and non-destructive 
detection technology, which can scan the object under the original status without complex 
pretreatment. Second, ICT provide the image in almost the same quality, regardless how 
complex of the internal structure and material composition of the workpieces. Third, the most 
important and unique advantages of ICT is that it can provide the 3D interior structure 
images of the observed object by CT image sequences, and provide flexible 3D image 
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processing to extracting useful information on the graphics workstation, which makes it 
possible to distinguish different structures and carry out quantitative analysis. 

In this paper, we will introduce the industrial CT system design, research method, ICT 
scanning experiments, 3D modeling and data processing in geological research projects on 
our accelerator based high energy X-ray industrial CT system combined with VG Studio 
Max software, including the 3D analysis and research of soil specimen, the evaluation of 
rock breaking effect with high pressure water in different parameters, and so on.  

2 Industrial CT system for geological research 

Many geological research commonly used medical CT as the scanning instrument. Because 
of medical CT is designed specifically for the human body diagnosis, the penetration ability 
and the spatial resolution is limited, which limits the size of the sample, scanning accuracy 
and research scope. Industrial CT system has not exposure time and dose constraints as the 
medical CT, can scan large object and provide high spatial resolution, is an ideal tool for 
geological research. 

Typically, the industrial computed tomography (ICT) system is composed of six subsystems, 
which is shown in Fig.1.  

 
Fig. 1. The basic working principle of industrial computed tomography   

Industrial CT system uses X-ray tube or linear accelerator as X-ray source subsystem for 
generating x-ray, scanning mechanical subsystem for high-precision sample motion of 
multiple views scanning, scanning control subsystem for motion control, and Linear Array 
Detector subsystem for fan beam CT signal acquisition, Flat Panel Detector subsystem for 
cone beam CT signal acquisition. The Reconstruction & check subsystem process signal and 
reconstruct CT images for inspecting. 

For the following geological research projects, two kinds of industrial CT system were used, 
which are shown in Fig.2. and Fig.3: the 450KV industrial CT system for small object such 
as soil structure, and the linear accelerator based 4MeV high energy industrial CT system for 
large object such as shale fracturing scanning.  
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     Fig. 2. The 450KV industrial CT system                   Fig. 3. The 4MeV LINAC industrial CT system  

3 Characterization of soil structure by ICT   

Soil structure is the place where soil water and gas storage and transportation. Quantitate the 
internal structure of soil information is the way of understanding soils, accurate modelling 
water and air movement and prediction of soil physical processes. 

Medical CT was introduced into the soil science research for the first time in 1982.[1]  
Compared with the conventional soil physical analysis method, CT has the advantages of fast 
imaging and three dimensional analysis of internal structure of soil samples without 
disturbing. 

The CT analysis result of the spatial distribution of soil bulk density, soil solids and air shows 
a significant positive correlation with conventional physical soil analysis method.[2-3] 

In the project of research characterization of soil structure by ICT, several soil columns under 
different conditions were prepared to scanning by 450KV cone beam CT as Fig.2.  

VG Studio Max is used for processing, segmentation of CT image sequence acquired by 
450KV cone beam CT, and for establishment 3D visualization of soil column, as shown in 
Fig.4. 
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Fig. 4. The soil structure analysis by VG Studio Max 

Quantitative extraction of soil structure information was done through the processing and 
analysis of these CT images. By using VG Studio Max as an excellent image analysis software, 
we can obtain the soil pore structure characteristics, including porosity and pore size 
distribution and connectivity. 

Fig.5 shows the segmentation and recognition result of stone particles in the soil by VG 
Studio Max. Quantitative analysis of the distribution of the stones volume was export after 
these process. 

      
Fig. 5. Segmentation and recognition of soil particles  
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Comprehensive and utilization of ICT technology, different soil structure and soil physical, 
biological and chemical processes can be study. 

4 Hydraulic fracture propagation for shale fracturing  

Shale gas is a kind of unconventional gas exists in shale or mudstone with free or adsorbed 
state. Horizontal drilling and fracturing technology is the major technology to achieve 
commercial development of shale gas. 

The hydraulic fracturing simulation experiment is an important tool to study the mechanism 
of fracture propagation. It is very difficult to obtain accurate structural information of 
complex fracture network of shale only by the conventional method of observing the fracture 
indicated by the tracer through rock breaking after hydraulic fracturing.[4]  

In the project of hydraulic fracture propagation research, the accelerator based high-energy 
industrial computed tomography was introduced to examine the hydraulic fracturing 
simulation experiment result. 

The well-preserved fresh shale outcrops were obtained, and then they were processed into 
30cm cubes as shown in Fig.6.  

 
Fig. 6. The shale sample of 30cm cube 

The high energy industrial CT system based on 6MeV linear accelerator was used to carry 
out CT scanning for observing the structure of complex shale fracture network after 
treatment. The morphology of shale fracture network can be observed clearly in the ICT 
images as shown in Fig.7.  

 
Fig. 7. The CT images of shale sample 
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The analysis about fractures combined with internal fractures photographs was more 
accurate by ICT. 

VG Studio Max is the most comprehensive tool, enabling the user to analyze, measure, 
segment and compare CT datasets. In this project, we use VG Studio Max to segment the 
shale fracturing from ICT image sequence, and result in 3D visualization of shale fracturing 
as shown in Fig.8. 

 
   Fig. 8. 3D data volumes visualization of shale fracturing 

3D visualization shale fracturing makes the trend of fracturing distribution is easier to 
understand. As shown in Fig.9. 
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   Fig. 9. 3D visualization of shale fracturing 

5 Conclusion 

The industrial CT technology can offer detailed data and new research idea from the aspects 
of visualization and quantification, and shows great potential in the future research of 
geological materials. 
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