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   Combined, this work will help us to deliver novel solutions 
  for monitoring and delivering cleaning to the required 

 standards in an efficient and safe manner, alongside–and 
with—human workers on a factory floor.

    We also wish to develop an understanding of human-
   robot collaboration in complex environments such as

  factories (building upon studies of robots in-the-wild [6]), 

 and how to coordinate multiple cleaning robots as co-

bot teams (i.e. multi-agent collaboration).
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A near-infrared sensor was used to acquire spectra on different 

powdered food samples. Principle Component Analysis was 

used to identify different features from the acquired spectra 

and could clearly distinguish between the different samples.

First principle component

Principle component scatter plot
of different powder samples

    Through interview studies and stakeholder co-design workshops with both local SMEs and multinational food 

   manufacturers, we will establish the requirements and challenges of such a deployment, to inform the 
  development of the robot platform, robot sensing capabilities, and the sensor data analytics.

Our platform will allow teams of robots to 

be instructed centrally or throughout the 
factory by workers, or autonomously.

We intend to allow workers to instruct 

robots using a natural language voice 
interface.

Through elicitation studies, we will 

identify the contextual and 
environmental terms human operators 

use to instruct robot teams to clean 

specific areas of the factory floor or 

perform specific tasks.

System diagram

    We will develop a platform for controlling and instructing teams 
   of robots, allowing the system co-ordinate and optimise the cleaning

  of the factory floor while meeting the necessary hygiene standards.

 The platform will allow us to create a central repository for data of robot activity and from the on-

board smart sensors. This platform will support the presentation of the sensor data analytics.

Project activities
      We wish to understand and address the industry need for 

     cleaning support technologies by developing robot systems 

    to assist in the cleaning of factories. Each robot will be

   equipped with smart sensors to detect food allergens 
  during the cleaning process (e.g. as per [2,5,7]).
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• Design, implementation, and evaluation of an 
interactive prototype

• Development of tools for sensor data analytics and 
robot performance

• Socio-technical understandings of human-robot 
collaboration

Project outcomes

In food and drink manufacturing, cleaning takes a significant amount 

of employee time, bearing a major impact on productivity and 

manufacturing efficiency.

Cleaning factory equipment typically unfolds through Clean-in-Place 

and is beginning to take advantage of technologies such as in-line 
sensors, the IoT, and machine learning.

However, the cleaning of the factory floor is still primarily completed 

by human workers following strict industry standards set by the

British Retail Consortium [1].

Additionally, one of the biggest challenges facing manufacturers

is the cross contamination of allergens within the manufacturing 

environment, as a result of an ever-growing demand for more 
variety and alternative food formulations, such as gluten free.

The industry standards require manufacturers to verify the

effectiveness of their cleaning to prevent food safety events [8] 

such as cross-contamination. Such events have already roughly 
doubled between 2014/15 and 2017/18 [3,4] highlighting the

scale of this challenge.
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