
 

 

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 is investigating a way of enabling humans and robots to work together safely and closely in a shared 

industrial workspace.  It aims to demonstrate the feasibility of using a network of cameras to produce digital images 

of the workspace and machine learning, to predict events and prevent dangerous situations. 

 
Human-robot collaboration 
 
Human-robot collaboration (HRC), in which humans and robots work together on tasks, is a key feature in realising 

the frequently alluded to ‘Factories of the Future’ scenario.  Robots and humans bring complementary abilities; for 

example, the robot can undertake physically strenuous work while the human worker monitors production.  The 

ultimate goal is for humans to work with robots in open spaces to allow maximum co-operation; robots are not kept in 

protective cages and can assist humans going about their tasks with agility and speed.  Suitable robots arrived on 

the market in 2014. In the automotive and electronic industries HRC their use is already a reality; it is, however, 

extremely limited. 

 

The safety of human workers is a critical consideration.  The majority of strategies to ensure safety which have been 

taken so far have implications for the robot’s size, capabilities and output.  Strategies either focus on damage 

limitation ‘post-collision’ or on averting collisions ‘pre-collision’ through the robot sensing its surroundings, predicting  

an impending collision, and altering its speed and movement.  Either way, productivity is limited and the opportunities 

for human-robot collaboration to cooperate on manufacturing tasks are reduced.  The proposition here is that it will 
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be beneficial to capture an industrial workspace in high detail to underpin a safety system based on the prediction of 

events to avoid dangerous situations arising.  This requires a robust perception system. 

 

Towards real-time digitalisation of shared human-robot workspaces 

 
The project is using a network of 2D high resolution smart cameras to produce an immediate digital image of a 

workspace, which depicts where robots, people and objects (products, fixtures and tools) are in relation to each 

other.  It will explore whether a computer provided with 75 images per second can learn, using current techniques in 

Artificial Intelligence, to inform a robot’s decisions sufficiently well to control it and to avoid collisions.  Other current 

approaches to real-time representation of workspaces are reliant on point based tracking of pre-marked objects or on 

sensing people using 3D cameras.  This project’s approach is more flexible; the system could be applied in a new 

environment and learn its critical features, without the need for marking-up objects. 

 
  
 

The project is creating an HRC test cell.  This will be equipped with both a 

network of cameras and the latest tracking technologies.  In partnership 

with Rolls Royce and the Quality Furniture Company two realistic 

scenarios have been identified.  These scenarios will provide the basis for 

developing tracking algorithms to control robots and ensure safety.  How 

far these systems can be trusted will be assessed.  The test cell will be 

openly accessible, offering a testing environment for human-robot co-

working in the UK.  

 

 

 

The project is the first to combine a real-time digital representation of an industrial workspace and the 

latest techniques in machine learning to ensure safe human-robot collaboration. 

 

Wider applications 
 
Creating real-time digital twins of human machine environments is expected to have many benefits not only for safety 

but also for analysis and continuous improvement of workplace ergonomics, quality and performance.   

 

What next? 
 
Further research into human-robot workspace digitalisation, extending to detailed investigations of 

 Safety systems 

 Observation-based modelling and anticipation of human behaviours 

 Workspace design and validation 

 Autonomous robots for complex hand-eye coordination tasks 


