
 

 

The ESPRC-funded Network Plus Connected Everything: Industrial Systems in the Digital Age aims to identify the 

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

 

 

 
 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

What does the project demonstrate? 
 
The project aims to demonstrate a way of capturing craft expertise in an Artificial Intelligence (AI) system so that this 

knowledge can be stored for future use in an autonomous manufacturing cell.  The context of the investigation is the 

manufacture of precision and ultra-precision surfaces, for products such as lenses and mirrors, semiconductors, 

turbine blades, moulds and dies and prosthetic joint and cranial implants, which are in increasing demand, and 

subject to ever more stringent specifications.  These products are required by many high-value manufacturing 

sectors, including aerospace and automotive, consumer products, healthcare, defence and space. 

 

Manufacture of ultra-precision surfaces 
 

Manufacture of precision surfaces is challenging for a number of reasons: the diversity of materials, the need to work 

to nanometres of precision and the unpredictable nature of available processes at the high precision end.  Currently, 

even modern CNC (Computer Numerically Controlled) machines require the expertise of skilled people to operate 

them:- to design an appropriate process-sequence for a particular design of part, to review intermediate 

measurement data and take appropriate actions and, at the end, to decide when to stop.  These people are now 

retiring, along with their invaluable knowledge and skills. 
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Thus, the aim of the project is to explore the feasibility of storing human practical 

knowledge and skills in such a way that they can be re-used in an AI system and, thereby, 

be automated.  This is no mean feat. ‘Hard’ knowledge, such as tool paths and speeds, 

can be captured digitally.  This will need to be integrated with ‘soft’ knowledge, such as 

choices of additives, tools and polishing pads, and what to do when some particular defect 

arises on the surface. The aim is to replicate, through case-based reasoning, these 

decisions, including judging when the surface is considered good enough. The AI software 

developed must be capable of deciding, for the particular part presented, which tool 

should be selected and for how long it is to be used. 

 

The project is the first to explore the feasibility of capturing craft expertise, concerned with the 

manufacture of precision and ultra-precision surfaces, within an Artificial Intelligence system.  The method developed 

will be trialled to demonstrate its ability to capture and store crafts-based knowledge in a digital archive, in a format 

accessible to an AI system. 

 

Wider applications 
 
An Autonomous Manufacturing Cell will have multiple process applications and would thereby deliver a landmark 

step-change in the UK’s ability to supply goods and services to the global high-value manufacturing sector.  

 

What next?   First steps towards the creation of an adaptive autonomous 

manufacturing cell 

 
Imagine a machine capable of producing, from start to finish, a range of products.  At the touch of a button the 

machine begins its work and ‘ping’ a prosthetic knee joint or finished lens is ready.  This is the ultimate vision 

towards which this study is contributing. 

 

Initial stages in realising this vision 

have already been completed 

successfully.  A robot has been 

implemented working with a CNC 

machine for precision-surface 

manufacturing.  Its task is to load 

and unload parts on the machine, 

wash and dry the parts after 

processing and place them on a 

separate station for measurement.   

 

The next step forward is to incorporate the “brain” of the 

system, to make the complex decisions along the way – 

Artificial Intelligence. 

 


