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Abstract 

This paper analyzes the principle and image quality factors of three-dimensional (3D) 
microfocus computed tomography (micro-CT) technology, and then uses typical application 
cases to introduce briefly the applications of 3D micro-CT technology in material component 
analysis, defect inspection and precise internal dimension measurement of electronic 
components, and 3D characterization of fine cracks in the core of aeroengine blade. The 
results indicate that the 3D micro-CT has a resolution at the micron and even submicron scale, 
and it is applicable to the imaging detection in the field of high-accuracy measurement of 
minor defects and dimensions and worthy of popularization.  
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1 The introduction 

Industrial CT technology is able to give the tomography image of a specimen, clearly present 

the internal structural relationship, substance composition and deficiency of the object being 

inspected, and provide images that are easy to identify and understand without considering 

the blockage by surrounding minutiae features. Therefore, it is widely applied to the 

positioning and quantitative detection of deficiencies, measurement of critical internal 

dimension, structural analysis, and density characterization. By adopting a microfocus or 

nanofocus X-ray source, the industrial CT can provide a resolution at the micron and even 

submicron scale, and it is applicable to the imaging detection in the field of high-accuracy 

measurement of minor defects and dimensions. During the detection, adequate consideration 

shall be given to the factors affecting image quality, so as to ensure the optimum detecting 

process parameters and high-quality CT images [1]. 

2 Imaging Principle of 3D Micro-CT 
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With the development of flat panel detector technology, 3D cone-beam scanning and FDK 

reconstruction algorithm have become the mainstream scanning mode and reconstruction 

algorithm of 3D Micro-CT at present. Compared with the 2D parallel-beam and fan-beam 

scanning, the 3D cone-beam CT has higher utilization rate of rays and shorter scanning time; 

it is also capable of scanning hundreds of slices simultaneously and obtaining a 

well-distributed and high-precision spatial resolution. The cone-beam CT imaging is as 

shown in Figure 1. Cone-beam X-rays from the radiation source penetrate the workpiece 

being inspected and arrive at the flat panel detector to provide the projected image at an angle. 

Then the specimen stage is rotated so as to rotate the workpiece and provide projected images 

at different angles. The projection data is transferred into the computer in time, and FDK 

reconstruction algorithm is used to reconstruct the CT image, so the required CT image can 

be obtained[2]. 
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Figure 1: Schematic Diagram of Cone-beam CT Imaging 

3 Factors Affecting Imaging Quality of 3D Micro-CT 

3.1 Influence of Detector on CT Imaging Quality 

The influence of detector on the CT imaging quality is reflected in the following aspects:  
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1) The pixel size of the detector. The pixel size has an important influence on spatial 

resolution and density resolution. In general, the smaller the pixel size is, the higher the 

spatial resolution is, and the lower the density resolution is.  

2) The influence of detector calibration. Dark image calibration, gain calibration and dead 

pixel calibration all have a direct influence on the CT image quality. The Dark image 

calibration, gain calibration and dead pixel calibration must be performed before CT 

scanning.  

3) Integration time. The integration time of the flat panel detector has an influence on the 

signal-to-noise ratio of CT image.  

4) Number of collected frames and method of processing multi-frame image. In general, the 

multi-frame projected image is collected at each angle in the high resolution CT scanning for 

smooth processing. The greater the frame number is, the better the image quality is, but the 

longer the CT scanning time is.  

5) Detective quantum efficiency. DQE determines the density resolution of the system. The 

higher the efficiency of quantum detector is, the higher the density resolution of the system is.  

6) Fill factor. The larger the fill factor is, the higher the utilization ratio of rays is.  

3.2 Influence of Radiation Source Focus Size and Magnification on CT Imaging Quality 

The focus size is one of the most important performance indicators of the radiation source. 

The focus size not only has an influence on the spatial resolution, but also determines the 

smallest details identification capacity of the system. When the focus size is small enough, the 

geometric unsharpness during collection of projected image can be ignored. In the CT 

imaging system, the ideal dot object will produce a distribution image as shown in the Figure 

2 in the process of ray projection, that is the point spread function with the 2D form as 

follows.  

       𝐹𝐹(𝑥𝑥,𝑦𝑦) = 𝑓𝑓(𝑥𝑥,𝑦𝑦) ∗ 𝑔𝑔(𝑥𝑥,𝑦𝑦) = ∫ ∫ 𝑓𝑓(𝑢𝑢, 𝑣𝑣)𝑔𝑔(𝑥𝑥 − 𝑢𝑢,𝑦𝑦 − 𝑢𝑢)∞
−∞

∞
−∞ 𝑑𝑑𝑢𝑢𝑑𝑑𝑣𝑣        (1) 
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where, F(x,y) represents the projected image of the object;  

f(x, y) represents the actual distribution of the object;  

g(x, y) represents the point spread function of the imaging system.  
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Figure 2: Distribution Image of Industrial CT Projection Process 

Because of the influence of point spread function, the size of small details in the projected 

image is enlarged, and the marginal gradient is decreased, which results in reduction of image 

contrast. The point spread function can be approximated as a cylinder with a diameter of BW. 

It can be regarded as the ray equivalent beam width in an expression as follows:  

                        𝐵𝐵𝐵𝐵 = �𝑑𝑑2+[𝑎𝑎(𝑀𝑀−1)]2

𝑀𝑀
                          (2) 

where, BW represents the effective beam width;  

d represents the pixel width of the detector;  

a represents the radiation source focus size;  

M represents the magnification.  

It is evident that when the geometrical magnification remains constant, the width of effective 

ray beam increases with the focus size. Therefore, to obtain a clearer CT image, a radiation 

source with a smaller focus size is needed. However, with the decrease in the focus size, the 

maximum power of the radiation source must be reduced correspondingly because of the 

heat-dissipation problem of radiological apparatus. This leads to a smaller tube current under 

the same tube voltage, the contrast of the image will be increased by extending the integration 

time, etc., and these changes also have an influence on the image quality.The focus size of 
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microfocus or nanofocus radiation source is very small, but it also follows above-mentioned 

rules[3]. 

3.3 Influence of Reconstruction Algorithm on CT Imaging Quality 

The influence of the reconstruction algorithm includes the design of the reconstruction 

algorithm, the selection of the filter function, the influence of off-centering, etc.  

The filter function has an important influence on the reconstruction quality of images. The 

selection of the filter function is of great importance to improve the quality of the 

reconstructed image. The commonly used filter function includes the R-L filter function, S-L 

filter function, etc. The image reconstructed by the R-L filter function has a sharp contour and 

a high spatial resolution, but it is also seriously influenced by the Gibbs phenomenon which 

decreases the density resolution of the image. When the projection data contains noise, the 

quality of the reconstructed image will be degraded. The R-L filter function has an inhibitory 

effect on the high-frequency components in the projection data and effectively suppresses the 

noise. But the spatial resolution of image reconstructed by the S-L filter function is inferior to 

that of the R-L filter function 

The influence of off-centering. Because the mechanical system inevitably has machining and 

installation errors, the symmetrical centerline may deviate when the workpiece is in different 

scanning locations. The radiation source, center of rotation and center of detector shall be 

kept in a straight line by changing the coordinate of the center of rotation. Otherwise, artifacts 

may exist at the edge of the reconstructed image.  

3.4 Influence of Artifacts on CT Imaging Quality 

Artifacts refer to the image features appearing on the CT image, which are inconsistent with 

the physical structures of objects. There are two reasons for the occurrence of artifacts; one is 

relevant to the principle of CT technology itself, such as partial volume effect; the other is 

relevant to the hardware, software and scan technology of CT equipment, such as beam 

hardening, insufficient accuracy of data and improper scan technology. The common artifacts 
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mainly include partial volume effect, beam hardening, ring artifacts, metal artifacts, etc. 

These artifacts have a big impact on image quality; thus corresponding measures must be 

adopted to weaken or eliminate them.  

3.5 Influence of Reconstruction Noise on CT Imaging Quality 

It is inevitable that noise will occur in the CT imaging process, mainly including electronic 

noise and scattering noise, and the quantum-statistical noise of X-rays as such is inevitable. 

The quantum-statistical noise is under the influence of the conditions of scan technology and 

the scan efficiency, wherein the conditions of scan technology include tube voltage, tube 

current, slice thickness, scan rate, the characteristics of testing objects, the distance between 

radiation sources and flat panel detector, etc., and the scan efficiency includes the quantum 

detection efficiency of detectors, fill factor, scintillator material and thickness.  

Generally speaking, the noise in the images can be reduced by increasing tube current and 

tube voltage as well as slice thickness. Noise can have a significant impact on image quality, 

especially an extremely unfavourable impact on low-density or small-size object detection, 

with the decrease of contrast between details and background material, and under the 

circumstances of low contrast of image results, noise can overwhelm minute details, so that 

the resolution of image density will decrease. 3D micro-CT imaging is of high resolution, 

while the high resolution convolution kernel retains or enhances the high-frequency part of 

images, and noise exactly appears as the high-frequency part; thus, 3D micro-CT imaging 

tends to be severely disturbed by noise.  

4 Application of 3D Micro-CT 

4.1 Application of 3D Micro-CT in the Field of Material 

3D micro-CT can realize the high-resolution 3D imaging of samples without damage to them, 

and it is widely applied to the 3D structure analysis of various materials. Figure 3 shows the 

3D images reconstructed after the scanning of C/SiC composites by means of 3D micro-CT, 

various components and pores of C/SiC composites can be clearly seen from the images 
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(wherein light blue symbolizes carbon fiber bundles, blue symbolizes SiC and yellow 

symbolizes pores) and separate extraction and volumetric quantitative calculation of pores can 

be realized in combination with 3D image analysis software, as shown in Figure 4.  

 

Figure 3:3D CT Images of C/SiC Composites 

 

Figure 4:3D Configuration of the Pores of C/SiC Composites 

Figure 5 shows the research on the cracks and delamination in the aviation laminate impact 

test through 3D micro-CT, and the cracks occurring during the laminate impact test and their 

orientation can be clearly seen from the 3D CT images.  

 

Figure 5: 3D CT Analysis of the Cracks in the Aviation Laminate Impact Test 
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4.2 Application of 3D Micro-CT in the Detection of Electronic Components 

The decapping operation of electronic components is a necessary step in exposing the internal 

structure and performing deep analysis, but it is the higher-risk operation in the detection and 

failure analysis process. Because it is impossible to obtain the accurate structural information 

within the components beforehand, the internal structure may be damaged in the decapping 

process, so that the accuracy of the subsequent tests will be decreased and unnecessary losses 

will be caused. The precise information such as the size and mounting means of bonding 

wires, lead frames, chips and other internal structures can be obtained by means of 3D 

micro-CT technology, which makes the decapping operation more accurate and pertinent and 

makes the inherent defects more clearly distinguished from the damages from decapping. 

Figure 6 shows the internal structure images obtained through texture filtering after the 

scanning of 3 plastic encapsulated integrated circuits that have the similar size and shape. It 

can be seen from the images that the size and mounting means of the three integrated circuit 

chips differ significantly; thus acid decaps are required to adopt different decap templates in 

the decapping process in order to guarantee accurate and effective decapping operation[4].  

 

Figure 6: 3D CT Images of the Internal Structures of the Three Plastic Encapsulated Integrated Circuits 

The dimensional measurement is performed on the internal cavity walls of electronic 

components by means of 3D micro-CT technology, which realizes the accurate measurement 

and calculation of the volume of the internal cavities at the micron scale. The 3D CT images 

of two electronic components and dimensional measurement of the internal cavities are 

shown in Figure 7.  
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Figure 7: 3D CT Images of Two Electronic Components and Dimensional Measurement of the Internal 

Cavities 

4.3 Application of 3D Micro-CT in the Detection of Aeroengines 

The quality of the cores of aeroengine blades is in direct relation to the quality of the final 

casting of blades, and the detection of the internal microcracks of the cores has always been a 

difficult problem in the detection of the cores of blades. The adoption of 3D micro-CT 

technology can realize the accurate positioning and precise detection of the internal 

microcracks of the cores of blades. The 3D micro-CT images of the core of the blade of one 

aeroengine are shown in Figure 8, and the three-direction 2D slice images obtained through 

3D CT imaging are shown in Figures 9-11. The location, length, orientation and 3D 

configuration of microcracks can be clearly seen from the images.  

 

Figure 8:3D CT images of the Core of the Blade of One Aeroengine 
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a) 245th layer             b) 374th layer         c)555th layer          d)618th layer 

Figure 9:2D Slice Images of the Core of the Blade of One Aeroengine (Plan View) 

 
b) 155 th layer        b) 256 th layer          c) 391 th layer         d) 455 th layer 

Figure 10:2D Slice Images of the Core of the Blade of One Aeroengine (Front View) 

 
a) 262 th layer                           b) 370 th layer 

 
c) 262 th layer                            d) 370th layer 

Figure 11:2D Slice Images of the Core of the Blade of One Aeroengine (Left View) 
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5 Conclusion 

By adopting a microfocus or nanofocus radiation source, 3D micro-CT technology can 

provide a resolution at the micron and even submicron scale, which is applicable to the 3D 

imaging detection in the field of high-accuracy measurement of minor defects. It can be 

applied to the analysis of material structure and composition, the detection of the small 

defects of components, the analysis of the internal structures of precision components and the 

precision measurement of critical dimensions[5].  
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