
Metal additive manufacturing is changing the way we 
design and produce parts for products in aerospace, 
energy, automotive, medicine, tooling, and other sectors. 
By melting metal powder using high power lasers, metal 
3D printers can rapidly create lightweight and complex 
objects while using less material.

One of the major challenges with this process is precision 
control, especially concerning the temperature of the 
metal. If the metal gets too cold, it will not melt completely; 
if it gets too hot, we risk damaging the previously printed 
layers. With 3D metal printers operating at high speeds, 
such problems are not visible to the human eye until it is 
too late to intervene and correct them. As a result, roughly 
10% of printed parts have to be scrapped due to a low 
print quality.

While high-speed camera recordings of 3D print jobs have 
already been used to gain insight into the formation of 
defects, they have provided only limited benefits to the 
optimization of the print process. To really overcome 
the challenges in print quality, we have now built a high-
speed visual system that is integrated into the additive 
manufacturing process, allowing for quick interventions in 
the printing process to prevent defects.

The goal of the Vision-in-the-Loop project was to prove and 
demonstrate that metal additive manufacturing can produce 
parts with a better quality by controlling the print process in real 
time using a high-speed vision system. 

To be able to do this – to close the loop between process 
monitoring and control – this vision system required advances in:

• high-speed imaging

• real-time video analytics

• the correlation of these analytics to print quality

• real-time 3D printer control

 

THE OUTCOMES
The Vision-in-the-Loop project attained the following 
achievements:

1.	 The design and creation of a high-speed camera 
running at 20,000 frame-per-second

This camera has the ability to change the region of recording for 
each video frame. This allows focussing the camera on what the 
printer’s laser is doing regardless of the size of the printed object. 

2.	 The design and creation of new CT image 		
reconstruction algorithms that reduce image scattering 
artifacts by 92%

This allows detecting printing defects that are smaller than 100 
micrometers. These advances in CT imaging provide us with 
precise measurements of the printing defects that we can then 
link to the images from the high-speed camera. 
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3.	 The design and creation of real-time, AI-based 
algorithms for the detection of printing defects and the 
adjustment of the printing process 

In particular, new video features were developed to capture 
the stability of the printing process, a new AI model linked the 
video features with known defects, and new multi-input, multi-
rate control algorithms were designed to convert defect creation 
probabilities to corrective adjustments in the printer’s laser 
power. This real-time platform improved the accuracy of defect 
detection by 42%, and this with a low latency of approximately 
1 millisecond. This accuracy and low latency make it possible to 
correct the laser power in real-time in order to prevent printing 
defects.

The project partners combined these achievements into a single 
high-speed vision platform to monitor, analyze, and adjust the 
printing process in real-time. This platform was the result of all 
VIL-research and demonstrated that closing the feedback loop 
from monitoring to control effectively reduced the likelihood of 
seeing print defects in metal additive manufacturing.

NEXT STEPS
Both Materialise and Dekimo will evaluate the valorization 
potential of the VIL system that was developed. They will look 
at valorization both as a single product or as separate hardware 
(Dekimo) and software (Materialise) offerings. In addition, the 
VIL system will be further tested and validated in Materialise’s 
production. Taking into account customer feedback, the value 
of the VIL system will be quantified and the development 
requirements for a commercial product will be investigated. 

Parallel to these pre-commercialization activities, the Vision-
in-the-Loop research is carried further and expanded in the 
MultipLICITY project, also funded through the imec ICON 
program. MultipLICITY will investigate how to generalize our 
high-speed vision platform to be used with a greater variety of 3D 
printers, printing defects, and printing materials. 
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The imec.icon research program equals demand-driven, cooperative 
research. The driving force behind imec.icon projects are multidisciplinary 
teams of imec researchers, industry partners and/or social-profit 
organizations. Together, they lay the foundation of digital solutions which 
find their way into the product portfolios of the participating partners.
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