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The line segment detection tool has been used to identify this issue of short feeding, shown in Figure 8(b ). 
When the short feeding of powder begins, the area with a lack of powder will show an increase in the number of 
line segments detected. This is indicated by a spike in the plot of the number of line segments per image, as shown 
in Figure 9. The anomaly detection tool is then used to track any deviation in the quantity ofline segments detected 
and then inform the machine operator of the increase in the line segments detected. 
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Figure 9: Line segment detection tool output with cooresponding Set 2 build images. 

In Figure 9 it is clear from the number ofline segments detected where a defect has begun to develop. The 
spike in the graph occurs 5.4 mm (Image ID 2041) into the build process. The deliberate short feeding of powder 
has reduced the quantity of powder deposited on the build plate, leaving an area on the parts without new powder. 
This exposes the previously melted layer which is then re-melted by the laser. This issue of short feeding can be 
rectified by operator intervention, if noticed in time. The operator can, once the defect has been identified, increase 
the quantity of powder fed to the re-coater blade. This intervention was applied in the study after 6.0 mm (Image 
ID 2101) of the build by increasing the amount of powder fed to the re-coater blade. This is shown in Figure 9 by 
a decrease in the line segments detected as the powder deposition recovers (Image ID 2130). 

Conclusions 
In this paper, a standalone monitoring system for the PBF process is presented. An accompanying image 

processing methodology has been developed, which can identify defects in the powder deposition stage of the 
DMLS process. The algorithm is computationally efficient and works well for the application presented. The 
images collected for Study 1 were analyzed post-build using R statistical software on a remote server. However, 
the method is efficient enough to use in real-time and work is ongoing to enable this process on site. With this 
facility an anomaly detection algorithm will be used to detect anomalous counts of line segments in the images. 

Future work will expand the capability of the algorithm to enable defect detection in the images post-laser 
exposure, as well as enabling the defect detection to operate in real time with the process alerting the machine 
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operator of any identified defects. Thus, allowing the operator to alter the process as required to ensure the 
successful outcome of the AM build, reducing scrap costs for the process. 
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