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Abstract. In an Industrial CT system, the detector is a very important part, so 
understanding the performance of the detector system is necessary for building a CT 
system, by using three domestic flat-panel detectors (detector 0505, 1313DX 
detectors, detector 0820), and use Vertical steel single-wall Radiographic mode to 
conduct the experiments. By comparison the performance of the three detectors 
according to the obtained results of the experiments, including sensitivity, resolution 
and SNR . to analysis the merits of the three detectors, performance. Comprehensive 
analysis found that the three detectors are at the same level, With respect to the other 
two detectors ,detector 0505 in image quality with minor dominant. The results of 
study provide a reference in choosing a suitable detector for the construction of 
industrial CT systems. 
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Introduction  

Industrial CT as a new non-contact measurement technology, with ray scanning to 
reconstruct the high resolution and high contrast images, can precision nondestructive 
measurement the shape and position dimensions of all internal components, which can 
provide information that other nondamage detection techniques unable to provide. 

Detector is crucial in an industrial CT system, the images acquired by the detector, 
receive the required image after image reconstruction. The detector performance directly 
affects the quality of the image acquisition, thereby affecting the quality of image 
reconstruction, It is very necessary to understande the performance merits of a detector when 
construct a CT system . 

The performance evaluation of the detector is to know three parameters, by  
measuring the detector sensitivity, resolution, signal to noise ratio .By use Vertical steel 
single-wall Radiographic mode, and using three domestic flat-panel detectors (detector 0505, 
1313DX detectors, detector 0820),with 7 kinds of thickness
′ 10mm,20mm,25mm,30mm,36mm,42mm,48mm″  of the steel plate to conduct the 
Radiographic experiment, By comparison the performance of the three detectors according 
to the obtained results of the experiments. Comprehensive analysis found that the three 
detectors are at the same level, With respect to the other two detectors ,detector 0505 in 
image quality with minor dominant. 
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1. Experimental Principles and Methods 

In order to obtain sensitivity, resolution, signal to noise ratio of the detector, the generally 
method is to conduct radiographic imaging used different thickness steel with monofilament 
IQI and double wire IQI . from the Images obtained , calculate the sensitivity by analyzing 
the monofilament IQI number which can be identified, Derive the spatial resolution by 
analysis the Double wire IQI logarithmic which can be distinguished .Determination of the 
entire image to get the SNR. 

Three kinds of detectors all use Vertical steel single-wall Radiographic mode to 
imaging. The focal length is 800mm,and IQI close to the side of ray source . 

Radiographic placed as follows 

1.1 Radiographic placed as follows 

 
Figure.1. Detector 0505 ;Detector 1313DX ;Detector 0820 (from left to right) 

1.2 Determine the Radiographic parameters 

In the test process of three detectors, make sure the voltage and current of X-ray machine 
similar as far as possible, Adjusting the acquisition time of a single frame of the detector to 
control the image intensity so that the gradation value is obtained within the preferred range 
(40% -70%). The integration time of the image of the same thickness obtained from different 
detectors in the end (FPS * frames) should be basically the same. 

2. Experimental results and analysis 

7 kinds of thickness (10mm, 20mm, 25mm, 30mm, 36mm, 42mm, 48mm) of weld steel plate 
are used to conduct the radiographic experiments, and use three detectors to imaging. 
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2.1 Images obtained by radiographic 10mm thick weld steel plate are as follows:   

 
Figure.2. Detector 0505 

Time of Single frame：1000MS  
Superimposed frames：15FRAMES 
Voltage：180KV   Electric current：3MA 
It can identify No. 14 of single IQI in this image. wire diameter is 0.160mm,and the wall 
thickness is 10mm, weld reinforcement is 2mm, then calculate its sensitivity is about 1.3%. 
According to the standard SY/T 4109-2013, the detector should identify No. 13 of single IQI. 
The sensitivity measured at this point of detector 0505 is NO.14,which is a level higher than 
the standard ,fully meet the standards. It can clearly identify No.8 pair of double wire IQI in 
this image. Spatial resolution is 3.125Lp/mm, Unsharpness is 0.32mm,Meet the resolution 
standards. Image is uniform by visually ,grainy is small, the SNR is 71 by measured the 
image in using software.  

 
Figure.3. Detector 1313DX 

Time of Single frame：500MS  
Superimposed frames：30FRAMES 
Voltage：180KV   Electric current：3MA 
It can identify No. 14 of single IQI in this image. wire diameter is 0.160mm,and the wall 
thickness is 10mm, weld reinforcement is 2mm, then calculate its sensitivity is about 1.3%. 
According to the standard SY/T 4109-2013, the detector should identify No. 13 of single IQI. 
The sensitivity measured at this point of detector 1313DX is NO.14,which is a level higher 
than the standard ,fully meet the standards. It can clearly identify No.8 pair of double wire 
IQI in this image. Spatial resolution is 3.125Lp/mm, Unsharpness is 0.32mm,Meet the 
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resolution standards. image is uniform by visually ,grainy is small, the SNR is 47 by 
measured the image in using software.  

 
Figure.4. Detector 0820 

Time of Single frame：1000MS  
Superimposed frames：32FRAMES 
Voltage：180KV   Electric current：3MA 
It can identify No. 14 of single IQI in this image. wire diameter is 0.160mm,and the wall 
thickness is 10mm, weld reinforcement is 2mm, then calculate its sensitivity is about 1.3%. 
According to the standard SY/T 4109-2013, the detector should identify No. 13 of single IQI. 
The sensitivity measured at this point of detector 0820 is NO.14,which is a level higher than 
the standard ,fully meet the standards. It can clearly identify No.7 pair of double wire IQI in 
this image. Spatial resolution is 2.5Lp/mm, Unsharpness is 0.4mm, lower than the standard 
resolution requirements. From the standard ,When spatial resolution is lower than the 
standard requirements ,it can be compensated by reducing a sensitivity level, after reducing a 
sensitivity level, the image still better than the standard requirements, and resolution meet the 
standard requirements, so it can be considered that the image quality meet the standard 
requirements. image is uniform by visually ,grainy is small, the SNR is 41 by measured the 
image in using software.  

2.2 Images obtained by radiographic 25mm thick weld steel plate are as follows: 

  
Figure.5. Detector 0505 

Time of Single frame：2000MS  
Superimposed frames：16FRAMES 
Voltage：230KV   Electric current：3MA 
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It can identify No. 13 of single IQI in this image. wire diameter is 0.200mm,and the wall 
thickness is 25mm, weld reinforcement is 2mm, then calculate its sensitivity is about 0.7%. 
According to the standard SY/T 4109-2013, the detector should identify No. 9 of single IQI. 
The sensitivity measured at this point of detector 0505 is NO.13,which is 4 level higher than 
the standard ,fully meet the standards. It can clearly identify No.7 pair of double wire IQI in 
this image. Spatial resolution is 2.5Lp/mm, Unsharpness is 0.40mm,Meet the resolution 
standards. image is uniform by visually ,grainy is small, the SNR is 84 by measured the 
image in using software.  

 
Figure.6. Detector 1313DX 

Time of Single frame：1000MS  
Superimposed frames：32FRAMES 
Voltage：240KV   Electric current：3MA 
It can identify No. 12of single IQI in this image. wire diameter is 0.250mm,and the wall 
thickness is 25mm, weld reinforcement is 2mm, then calculate its sensitivity is about 0.9%. 
According to the standard SY/T 4109-2013, the detector should identify No. 9 of single IQI. 
The sensitivity measured at this point of detector 1313DX is NO.12,which is 3 level higher 
than the standard ,fully meet the standards. It can clearly identify No.7 pair of double wire 
IQI in this image. Spatial resolution is 2.5Lp/mm, Unsharpness is 0.40mm,Meet the 
resolution standards. image is uniform by visually ,grainy is small, the SNR is 48 by 
measured the image in using software.  

 
Figure.7. Detector 0820 

Time of Single frame：2000MS  
Superimposed frames：24FRAMES 
Voltage：250KV   Electric current：3MA 
It can identify No. 12 of single IQI in this image. wire diameter is 0.250mm,and the wall 
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thickness is 25mm, weld reinforcement is 2mm, then calculate its sensitivity is about 0.9%. 
According to the standard SY/T 4109-2013, the detector should identify No. 9of single IQI. 
The sensitivity measured at this point of detector 0820 is NO.12,which is 3 level higher than 
the standard ,fully meet the standards. It can clearly identify No.6 pair of double wire IQI in 
this image. Spatial resolution is 2Lp/mm, Unsharpness is 0.50mm, lower than the standard 
resolution requirements. From the standard ,When spatial resolution is lower than the 
standard requirements ,it can be compensated by reducing a sensitivity level, after reducing a 
sensitivity level, the image still better than the standard requirements, and resolution meet the 
standard requirements, so it can be considered that the image quality meet the standard 
requirements. image is uniform by visually ,grainy is small, the SNR is 43 by measured the 
image in using software.  

2.3 Experimental data 

As analyzed the radiographic images obtained in other thickness of weld plate by the same 
method of analysis, the resulting detector parameters have organized into the following table: 

detector project 10mm 20mm 25mm 30mm 36mm 42mm 48mm 

0505 
sensitivity 1.3% 0.9% 0.7% 1.0% 0.8% 0.9% 0.8% 
resolution 3.125LP/mm 3.125LP/mm 2.5LP/mm 2.5LP/mm 2.5LP/mm 2.5LP/mm 2.5LP/mm 

SNR 71 80 84 88 62 88 85 

1313DX 
sensitivity 1.3% 0.9% 0.9% 1.0% 0.8% 0.9% 1.0% 
resolution 3.125LP/mm 2.5LP/mm 2.5LP/mm 2.5LP/mm 2.5LP/mm 2.5LP/mm 2.5LP/mm 

SNR 47 49 48 48 48 40 50 

0820 
sensitivity 1.3% 0.9% 0.9% 1.0% 0.8% 0.9% 0.8% 
resolution 2.5LP/mm 2.5LP/mm 2.0LP/mm 2.0LP/mm 2.0LP/mm 2.0LP/mm 2.0LP/mm 

SNR 41 48 43 48 47 51 56 
Table.1. Detector parameters 

To chart below： 

  
Figure.8. Sensitivity 
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Figure.9. Resolution 

  
Figure.10. SNR 

3. Conclusion 

The quality of the images obtained from the three detectors are in line with standard SY/T 
4109-2013, meet the digital detection requirement. Wherein the detector 0505 was better 
than the detector 0820 and detector 1313DX on the image SNR; because of the detector cell 
size of detector 0820 (0.2mm) is greater than detector 0505(0.127mm) and detector 1313DX 
(0.127mm), its resolution is low than others. 

Comprehensive analysis found that the three detectors are at the same level, With 
respect to the other two detectors ,detector 0505 in image quality with minor dominant. 
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