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key challenges we face as digital technologies transform our industrial systems. 

 

 

 
 

 

 

  
 

 

 

 
 

What does the project demonstrate? 
 
The project aims to use machine learning to provide additive manufacturers with a way of inexpensively, accurately 

and automatically identifying faulty parts.  Demonstrating this successfully could pave the way for additive 

manufacturing processes to be more widely adopted. 

 

Additive manufacturing in the UK 
 
Additive manufacturing builds 3D objects by applying successive layers of material.  The possibility of using diverse 

materials and finely-tuned build instructions, controlled by Computer Aided Design (CAD) software, enables the 

production of highly bespoke products.  The value of this is apparent for a wide range of sectors, from the production 

of light weight components for aerospace to bespoke implants for medicine.    

 

The high degree of uncertainty in the quality of resultant components, compared with those manufactured in 

conventional ways, is hindering the adoption of additive manufacturing in the UK. 

 

Machine learning for the certification of parts 
 

Machine learning has been used successfully to certify standardised parts which are produced in high volumes.  

Parts are accepted or rejected on the basis of process measurements.  This is known as supervised machine 

learning (see graph overleaf).  First, decision criteria are generated by training an algorithm with ‘labelled’ data, from 

parts that are labelled as faulty or non-faulty.  This method is not feasible for additive manufacturing due to the cost 

implications associated with large numbers of components; as manufacturing errors occur internally, an expensive 

scan is required to certify a part.  Sufficient labelled data for training an algorithm amounts to more than a hundred 

builds.  To do this for every new bespoke product, often only produced in small volumes, renders the method  
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prohibitively expensive.  The project is investigating overcoming this by applying new techniques from Artificial 

Intelligence to classify parts without the need for large numbers of previously certified parts. 

 

Moving towards less costly semi-supervised machine learning 
 

The project’s industrial partner, Renishaw plc, is a leading technology company that designs and makes machines to 

‘print’ parts from metal powder (additive manufacturing).  Whenever a new object is printed, real-time data is 

collected on, for example, powder-bed temperature. The intention is to combine this large, non-labelled data set with 

a small amount of data that has been labelled manually as certified or rejected.  This is known as semi-supervised 

machine learning.  Here, analysis of how the process-data falls into clusters allows the identification of faulty parts, 

given a set of process measurements.  Future work will find the limits within which process measurements must be 

to ensure quality.  The machine determines whether the part is ‘good’, ‘bad’ or if a part is particularly peculiar then 

the option ‘unsure’ sends the part to be looked at by a person.  This methodology has no need for large numbers of 

part-specific certification data and is therefore much less costly.  The graphs below illustrate the methods of 

supervised and semi-supervised machine learning for part selection.  Features are yet to be selected from the 

temperature measurements. 
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The project is the first to investigate using semi-supervised machine learning for automatic certification 

and process control in additive manufacturing. 

 

Wider applications 
 
The approaches applied in this research can be transferred to other additive manufacturing techniques such as inkjet 
printing and sterolithography to predict optimum process parameters and produce higher quality parts.  

   
What next? 
 

The project will lead to further research into machine-learnt process control for additive manufacturing.  The next 

step is to use real-time measurements to supervise the manufacturing process as it is carried out and allow only 

good products to reach the end-point of manufacture. 


