
 

 

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 that a cognitive-behavioural rule, which relates human perceptions and behavioural 

responses to a robot’s characteristics and actions, can be usefully integrated into a Computer Aided Design (CAD) 

tool to model an industrial Human-Robot Collaborative (HRC) system. 

 

Digital human modelling for the design of Human-Robot Collaborative (HRC) 
systems  
 
Human-robot collaboration, where human operators and robots work together on the same task and in the same 

shared workspace, is becoming a reality in UK manufacturing.  Currently this involves small power- and force-limited 

robots but the ultimate goal is for operators to work with larger traditional high-payload industrial robots in open 

spaces without physical guarding.  Greater proximity and interaction with a robot trigger human cognitive perceptions 

that affect behavioural responses. In the manufacturing context, this means that HRC systems will bring about 

human cognitive-behavioural responses that could impact on overall system performance particularly with the high-

payload robots that have traditionally been kept behind physical guarding.   

 

The success of new manufacturing technologies is compromised if there is inadequate consideration of human 

factors at an early stage in the design process. For this reason, Digital Human Modelling (DHM) is now a common 

tool in CAD design software packages. These DHM tools offer only physical human ergonomic analysis and have no 

capability for psychological data analysis. Currently, the important cognitive-behavioural rules which will govern the 

performance of HRC systems cannot be modelled at the design stage.   
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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. 

Improving DHM for HRC systems by including human perceptions 
 

This project will test whether it is now possible to integrate 

‘simple’ cognitive-behavioural rules into CAD software and, if 

so, whether this enhancement of DHM capabilities will benefit 

industrial design modelling.  If designers can include, at the 

outset, the robot specifications that will optimise a worker’s trust 

and performance, this will improve operational performance as 

well as working conditions. 
 

The investigators have identified a single rule to test; 

specifically, that a human’s trust in a robot is related to its speed 

and motion.   The adjacent illustration shows the data to be 

incorporated in a DHM package.  

 Having selected this rule to test, the investigation   

will be carried out in the following stages: 

 

1. Define an industrial use case. An assembly 

process, that is currently carried out manually, will 

be selected as a use case at Airbus, the project’s 

industrial partner.  The use case will be analysed 

to distinguish cognitive and physical steps. 

 

2. The use case analysis will be used to inform 

the design of a digital model of a HRC system, in 

which the manual task is transferred to a new                                                   

human-robot assembly task.  This digital model 

will incorporate the cognitive-behavioural rule   

relating human trust to robot speed and motion. 
 

3. Twin lab-based demonstrators of the new HRC design will be developed at Cranfield and the AMRC.  Participant 

trials will be conducted in which humans’ levels of trust and performance are measured as they execute the new 

HRC assembly task.    This data will reveal whether the model accurately predicted human responses. 
 

The project is the first attempt at integrating cognitive-behavioural data in DHM for industrial HRC design. 

 

Wider applications 
 

A successful demonstration of modelling a human cognitive-behavioural response will pave the way for more 

sophisticated digital modelling in the design of industrial systems, as well human-robot systems in other contexts 

such as surgical, health care, domestic care and consumer contexts.  
 

What next? 
 

To test other rules to explore whether such an approach is useful generally or only suited to particular types of 

robots, systems and contexts. 


