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Abstract. In order to meet the requirement of batch production, we need to realize the 
quickly detection of the internal defections of the parts, and the key dimensional 
measurement of the parts. This study proposed the 450kV on-line industrial CT 
imaging system. The 450kV x-ray source with small focus and amorphous silicon 
array detector with large size are used in the on-line CT system, equipped with the 
rotary scanning Gantry and online transmission system, which has the advanced of 
high resolution X-ray digital imaging and CT imaging. The advanced image 
processing and dimensional measurement has been used in the software system, 
which can realize the rapid measurement and the dimensional measurement of the 
mass parts in the beltline.  
Keywords: Online industrial CT, X-ray digital imaging, rotary gantry, dimensional 
measurement, defect detection 

Introduction  

Industrial Computed Tomography(CT), which is the best nondestructive technology, is 
widely used in the fields of aviation, aerospace, nuclear energy, weapons, vehicles and so on. 
The traditional CT requires fixing the object on the rotating table frequently, and using the 
fixed X-ray source and the detector, which will reduce the efficiency of the CT scan. At 
present, the industrial CT is developed at the directional of online detection. In order to meet 
the demand of the detection and the rapid key dimensional measurement of mass productions, 
research proposes the online 450kV industrial CT imaging system. The system uses the 
450kV small focus X-ray source and amorphous silicon large size array detector, equipped 
with rotary scanning equipment (Gantry) and online transmission system. It realizes online 
detection of industrial CT. It has the advantages of high resolution digital X-ray imaging and 
three-dimensional CT tomography system. It has the functions of advanced image processing 
and measurement software, which can realize the demands of internal defections of rapid 
detection and internal dimension automatic measurement of batch parts. 

1. The functions and technical parameters of system 

The research completes the design of industrial On-Line CT system. It has the ability of 
develop an online CT system. The system can realize online detection and online X-ray cone 
beam CT detection. It has the ability of CT image reconstruction based on GPU acceleration, 
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equipped with high quality CT image artifact correction method and image analysis 
capabilities. 

The main technical parameters of the system are showed in table 1 

Table 1. Technical Parameters 

the maximum diameter of detection 
(magnification M=1.5) 

250mm 

IQI sensitivity better than 1% 

spatial resolution (GJB5312/5311 
test) 

≥2.5Lp/mm 

density resolution (GJB5312/5311 
test) 

≤0.5% 

scanning time 

Minimum cone beam scanning time 
is less than 40s 

(a typical scanning mode, frame 
5frames/s, 720 projection, scanning 

time 144s) 

reconstruction time 
≤200s (1024 x 1024 x 400 

projection, 10243 reconstruction) 

CT image matrix 512×512 ~ 4096×4096 

accuracy of dimensional 
measurement 

≤0.05mm 

2. The design of system 

We designed the industrial online CT system based on the high resolution X-ray digital 
radiograph and CT imaging technology, It realizes online detection and online dimensional 
measurement of industrial production. It has the advantages of high detection efficiency, low 
detection cost, low resources consuming and so on. The design of the system is showed as 
below. 

      
  Fig. 1. The front view side view system 
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Fig. 2. The side view 

 
Fig. 3. The general view 

3. Key technology analysis 

3.1 Gantry of online CT system  

The system uses a custom-made high speed CT slip ring. In an industrial online CT system, 
the slip ring guarantees the power, signal and RF data can transmission by different 
technology of slip ring in high-speed, and maximum the life of the product. Coupling 
technology of gold alloy can realize current, signal and data transmission at the same time, 
maximize the life and minimize the structure. Coating technology guarantees can remain the 
best contact effect and the minimize resistance even in extremely harsh environments. 

 
Fig. 4. The CT system 
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3.2 Online measurement technology -VG Inline  

 
Fig. 5. VG Inline 

VG-InLine is a function module, developed by a German company for industrial CT 
inspection system to detect defects automatic analysis classification. It has the advantages of 
fully automation of CT detection, maximum flexibility and a wide range of features setting, 
suitable for the characteristics of a variety of industrial CT system.  
 
3.3 Measurement accuracy  

The point cloud data of the inner surface and the outer surface of CT image which is 
processed by the image processing and graphics processing technology, can realizes the pixel 
coordinates to physical space coordinate conversion. At the same time, in order to improve 
the accuracy of the contour coordinates, it gets more accurate coordinates of the point cloud 
by using the moment invariant edge location technology of the image contour for tracking. 
Finally, based on the internal and external contour point, it measured the coordinates, 
thickness and other dimensions information of the sample. Automatic measurement 
(including parallel edge distance automatic measurement, wall thickness automatic 
measurement, automatic dimensional comparison of CAD model and CT images) has the 
advantages of high efficiency and the stability of measurement results. 

 
Fig. 6. Measurement accuracy 

3.4. CT image segmentation and contour processing technology  

Based on the multi-scale theory and contour model, it realizes the target measurement on 
different levels, which meet the accuracy requirements of the real-time measurement. 
Through the geometric characteristics and the relationship of the contour data by recognition 
and extraction, it can determine the original design model contained in the profile data. It can 
improve the veracity and accuracy by using graph theory to modeling and analysis the model. 
We can get the external contour of the measured object by the high accuracy three 
coordinates measuring instrument, and use it as a benchmark. We obtained CT measurement 
accuracy assessment by ICP matching method or fast NDT matching method, which match 
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contour point cloud data to CT image. By establish a unified data model from the CT image 
to CAD model, and then manufacturing model , we can realize the framework of data 
measurement, analysis and manufacturing integration. 

4. Conclusion 

In this paper, in order to achieve the goal of the rapid detection of internal defects of parts and 
the rapid measurement of the inside the key dimensional, it proposes the development of 
online 450kV industrial CT imaging system. The study illustrates the technical parameters of 
this system, expounds some key technologies of the system, accomplish the design of 450kv 
industrial online CT system. The system can provide a reference for the development of a 
new CT system.  
  


