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Abstract  
The non-destructive testing (NDT) of plate-like specimens are important. When using the traditional computed 
tomography (CT) system, the x-ray is difficult to pass the plate-like specimen from side view. Furthermore, to avoid 
collision, the distance from x-ray tube and rotation axis cannot be too small, which means that it is hard to get high 
spatial resolution. We have developed a new industrial computed laminography (ICL) system to conquer the above 
problems. In this system, an x-ray source was located under a stage which has three degrees of freedom. A planar 
detector was installed on a C-arm which was above the stage and can be rotated about an axis. The axis passed 
through the x-ray focal spot and was perpendicular to the stage. The detector can move along the C-arm. Using this 
ICL system, we can realize digital radiography (DR), arc scan and circular scan in different spatial resolution. In 
order to scan a large region, we have developed a new scanning plan with image mosaic. We believe the proposed 
ICL system has a broad application prospect.  
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1. Introduction 
 
X-ray computed tomography (CT) has been widely used in medical diagnostics and the non-
destructive testing (NDT) of industrial devices [1]. In a typical cone-beam industrial CT system, 
the specimen is put on a rotary table, which is between an x-ray tube and a planar detector. The x-
ray generated from the x-ray tube is attenuated by the specimen and collected by the detector. To 
reconstruct the images of a thin slice through a specimen, a full 180 degrees (using parallel beam) 
of projection data is required. In a cone-beam circular scan CT, only the central slice can be 
theoretically exactly reconstructed. However, when the cone angle is not too large, the other 
slices can be reconstructed with high accuracy. 

At present, most of power electronic devices are made by soldering electronic elements on 
printed circuit board (PCB). Many biological fossils are plate-like because of the squeeze of rock 
stratum. The NDT of these plate-like specimens is important. The traditional cone-beam 
industrial CT architecture has its limitations in scanning the plate-like specimens. The x-ray is 
difficult to pass the plate-like specimen from side view. Furthermore, to avoid collision, the 
distance from x-ray tube and rotation axis cannot be too small, which means that it is hard to get 
high spatial resolution. In these cases, computed laminography (CL) provides a viable alternative 
to CT.  

CL is based on a relative motion of the x-ray source, the detector and the specimen. The x-
ray source and the detector are either moved synchronously on circles or are simply translated in 
opposite directions[2, 3]. The x-rays cross the specimen along some oblique directions. A 
successful application of CL in medical field is digital breast tomosynthesis (DBT)[4, 5]. In 
industrial filed, many different CL systems have been developed [6-9]. The CL systems with 
synchrotron radiation (SR) [10-13], neutron radiation [14] and under x-ray microscopic condition 
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[15] have also been developed.  
In this work, we develop a new industrial CL (ICL) system. In section 2, the architecture of 

the system and the scanning modes are described. In section 3, some experiment results are 
presented and discussed. Finally, concluding remarks are given. 
 
2. A New ICL System 

 
To meet the various requirements of the NDT of plate-like specimens, such as spatial resolution, 
region of interest (ROI), scanning speed, and so on, the ICL system should be flexible. Some 
PCBs and fossils are very large, so the stage should be large enough. Sometimes, in order to 
observe a small region clearly, the ROI should be very close to the focal spot.  
 
2.1 System Architecture 
 
Fig. 1 shows the sketch map of the new ICL system. The specimen is placed on a stage which has 
three degrees of freedom. An x-ray source is fixed and located under the stage. The planar 
detector is installed on a C-arm which is above the stage and can be rotate about an axis. The 
rotation axis passed through the x-ray focal spot and is perpendicular to the stage. The detector 
can move along the C-arm. In the process of scanning, the stage and the detector are moved 
synchronously to keep the cone-beam focusing on the same region. As shown in Fig.2, the whole 
system is located in a shielding room for radiation protection. 
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Fig. 1. The sketch map of the new ICL system.               Fig. 2. The ICL system  
 
    When the planar detector moves along the C-arm, the source-detector distance (SDD) is 
fixed. The stage can move along X, Y and Z directions separately. The magnification of the 
specimen can be adjusted by changing the height of the stage. When specimen is closer to the x-
ray source, the magnification is higher while the FOV is smaller. Table I shows some parameters 
of the ICL system. In a specific scanning, the scanning protocol should be optimized. 

 

 



Table I Parameters of the ICL System 
X-ray Tube Max. kV 160 
X-ray Tube Max. mA 1.0 

Detector Pixel Matrix Total 1536 × 1920 pixels 
Pixel Size (μm) 127 

SDD (mm) 591 
Stage Size (mm) 420 × 420 

Max. Deflection Angle α (degree) 65 
 
2.2 Scanning Modes 
 
Compared with the conventional ICL architecture [7], the new ICL system can realize many 
scanning modes, such as digital radiography (DR), arc scan and circular scan.  

In DR imaging, the 3D volume of a specimen is compressed along the direction of the x-ray 
to a 2D image. The depth information is lost. However, because it is simple and quick, it is still 
widely used in medical and industrial field. In DR scan mode, the detector is moved to the center 
of the C-arm. The detector plain is parallel to the stage. The field of view (FOV) can be adjusted 
by changing the height of the stage. If the ROI is larger than the FOV, the specimen can be 
scanned in multi-positions by adjusting the horizontal position of the stage. The DR images can 
be mosaicked according to the positions. Because the shape of the x-ray beam is a cone, the 
marginal area of each DR image is overlapped. The size of the overlapped area has a relationship 
with the thickness of the specimen.  

In arc scan mode, the detector is moving along the fixed C-arm, while the stage and the 
detector are moved synchronously to keep the cone-beam focus on the same region. Similar as 
linear scan, the arc scan can collect the projection data in a limited angle. Neglecting the size of 
the focal spot, the magnification is proportional to cos岫α岻. In this ICL system, the deflection 
angle is in the range of [-65, 65] degree.  

In circular scan mode, the detector is moved to a position with deflection angle α. The 
specimen is moved to a position to keep the ROI covered by the x-ray beam. In the scanning 
process, the C-arm is rotating about the rotation axis and the stage is moved synchronously. To 
reduce moving artifacts, the data is collected in stop-and-shoot mode. Compared with the arc scan 
mode with maximum deflection angle α, the circular scan mode can collect more complete 
projection data [16]. This means the circular scan mode has a potential to get better reconstructed 
results.  

Similar as in CT scan, in circular scan mode, only the results of the region in a cylinder, 
known as FOV, are effective. The size of the FOV depends on the height of the stage and the 
deflection angle. Sometimes, the ROI is much larger than the FOV. We can get the results of the 
whole ROI by multi-scan. As shown in Fig. 3, A large ROI can be divided into many hexagon 
regions with side lengths less than or equal to the radius of the FOV. In each scan, one small 
region which contains one hexagon is reconstructed. Finally, the results of the whole ROI can be 
mosaicked with the results of those hexagons.  
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Fig. 3 Illustration of the image mosaic. 

 
3. Experimental Results 
 
To verify the effectiveness of the new ICL system, some specimens were scanned using DR and 
circular scan mode. Because the data is not complete, there is no theoretically exact 
reconstruction method for circular scan mode. The main influence of the data incompleteness is 
the out-of-plane artifacts. The cross-plane resolution is much lower than in-plane resolution. To 
improve the reconstructed results, many method were proposed [7, 17-20]. Feldkamp algorithm 
has been commonly used in CT image reconstruction [21]. In our experiments, a modified 
Feldkamp was used [7]. Similar as the Feldkamp algorithm, the data collected by each detector 
row was filtered and backprojected.  
 
3.1 Examination of the spatial resolution test card 
 
A spatial resolution test card is scanned to test the spatial resolution of the proposed system. In 
this experiment, the x-ray tube was set to 50kV/50μA. The DR image of the spatial resolution test 
card is shown in Fig.4. Figure 5 shows the modulation transfer functions (MTF) of the DR 
imaging. The 10% MTF corresponds to about 229 lp/mm frequency. 

         
Fig. 4 DR image of the spatial resolution test card  Fig. 5 MTF measurement of the DR imaging 
 
3.2 Examination of IGBT 
 
The heat generated by insulated gate bipolar transistor (IGBT) module can be as high as several 
kilowatts. Heat sinks soldered to the device are used for heat exchange. So it has strict 



requirement for the porosity of the welding surface. The IGBT shown in Fig. 6 (a) was scanned in 
circular scan mode. The x-ray tube was set to 120kV/50μA. A set of 360 projections were 
collected with a 40 degree deflection angle. Fig. 6 (b) shows a reconstructed slice in the welding 
surface. We can find that the pores can be easily recognized. The porosity can be calculated using 
some image segmentation methods. Because only the region in FOV can be scanned, the 
projection data was truncated. So we can find that the image quality at the margin of the FOV is 
degenerated. 

     
(a)                                   (b) 

Fig. 6 (a) Picture of an IGBT module. (b) A reconstructed slice of the IGBT module. 
 

4. Conclusion 
 
In this work, we presented a new ICL system. Using this system, the DR, arc scan and circular 
scan in different spatial resolution can be realized. In DR imaging, the 10% MTF corresponds to 
about 229 lp/mm frequency. The reported results of an IGBT module imaging experiment 
demonstrate the effectiveness of the ICL system. In further research, we will improve the ICL 
system and do more experiments. 
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