
HUMAN-ROBOT COLLABORATION: IDENTIFYING THE 
CHALLENGES OF MANUFACTURING SYSTEM 

INTEGRATION 

School of Aerospace, Transport and Manufacturing (SATM), Cranfield University, 
Cranfield, MK43 0AL, United Kingdom 

E-mail:  michelle.k.heckles@cranfield.ac.uk, s.fletcher@cranfield.ac.uk 

www.cranfield.ac.uk

             Due to incredible advancements in the processes of manufacturing, the world is 
facing a fourth industrial revolution focusing on the development of cyber-physical 
systems. Human-robot collaboration will be an integral part of these new systems. 
In the conventional manufacturing process humans and robots have been kept 
separate from each other to prevent serious harm coming to the human operators. 
However, considerable advancements in technology have introduced large-scale 
robotics that are able to successfully and safely interact with human workers, which 
we will soon see being deployed across the manufacturing industry, to work 
alongside teams of human operators to improve many aspects of the production 
process such as speed and uniformity. These developments will not only 
revolutionise the processes of manufacturing, but will also have a considerable 
impact on the humans that will be working alongside them. These changes could 
have physical, mental and emotional impacts on human operators who will likely 
experience considerable changes to the way they work. In this paper we will discuss 
the current challenges facing human-robot collaboration integration, worker needs, 
acceptance, trust, and other ethical issues concerning what changes may need to be 
made for the successful integration of collaborative robotics, and how this research 
will identify the human factors that need to be incorporated within future risk 
assessments/systems integration. 

1.   Introduction 

Over the course of the past 300 years we have experienced many industrial and 
technological revolutions that have completely changed the processes of 
manufacturing, from being a fully manual industry relying heavily on physical 
labour during the first industrial revolution, to the most recent industrial 
revolution and the rise of the ‘digital age’ which has brought massive changes to 
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the way we manufacture, design and use consumer products. Nonetheless, 
despite the ongoing additions and improvements that digitalisation continues to 
make, we are now moving towards a new industrial revolution, which at its heart 
is an amalgamation of all the technologies that have come before being used in 
new and novel ways, to make improvements to production costs, capabilities and 
working environments (1). This new industrial revolution has been labelled as 
‘Industry 4.0’ (2), which will see the manufacturing environments improved by 
not only digital technologies, but also by the development of collaborative 
robotics (3). 

Traditional manufacturing processes will be disrupted with the advent of new 
intelligent systems, and increasingly fluid and dynamic cyber-physical systems 
will begin to be used across the manufacturing industry (4). With these changes 
will come optimised, data-driven production allowing for intelligent interactions 
between humans and collaborative robots, which will be able to be developed for 
multiple purposes on factory floors (5), therefore allowing for a more significant 
level of integration between human workers and their autonomous counterparts. 
However, this could have a serious impact on those human workers. 

Technological advancements are impacting almost all areas of human life, 
including the workplace. Human workers will need to be able to cope with these 
changes, and adapt as quickly as possible to the increasing levels of intelligent 
automation that will become standard across areas of the manufacturing industry. 
To allow a safe and easy transition into this new way of working, we need to 
consider how human-robot collaboration will affect workers both physically and 
mentally. Developing systems to successfully integrate collaborative robots into 
teams of human workers in a way that they can accept and utilise these new tools. 
With the increased global usage of robotics in the manufacturing industry, it is 
more important than ever to understand what changes will be affecting our future 
workplaces.  

This paper will discuss the research that needs to be performed to discover the 
human factors that should be incorporated into future systems integration and risk 
assessments for Human-robot collaboration, particularly in regards to the present 
state of industrial level human-robot collaboration. These studies will allow us to 
further understand the factors that most affect the human workers acceptance of 
collaborative robots. To improve worker acceptance of robotics, we need to 
determine how we can train and empower human operators to confidently interact 
with these new machines. Therefore, we need to develop an understanding of what 
the workers needs are when it comes to the integration of collaborative robotics, 
which will allow a greater level of communication within organisations, and help 
to increase rates of worker acceptance.
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1.1.   Background of Human-Robot Collaboration 

Despite continued introduction of automation to the manufacturing industry, it is 
understood that the biggest advantage of collaborative robots is in the ability to 
incorporate both the benefits of automation with the flexibility, soft skills and 
cognitive capabilities of human workers (6). Human–robot collaboration (HRC), 
is defined as when humans and robots come into direct contact with one another 
and form a close physical relationship in order to successfully complete a task 
(7). Within this dynamic system each component should be capable of observing 
and estimating the others reactions by processing sensory information (8), 
allowing for harmony between the human and robot workers. Furthermore, with 
the ongoing interest the manufacturing industry has shown in the possibility of 
introducing industrial robots into existing teams of human operators, to improve 
current performance levels (9, 10), we need to understand what steps must be 
taken for successful implementation.  

Industrial collaborative robots have the ability to enhance the efficiency and 
productivity of the manufacturing process, as the weakness of one team member 
can be complemented by the capabilities and strengths present in the other (11). 
Consequentially, when human teammates collaborate on tasks they can achieve 
a level of coordination that exceeds a single worker. (12, 13). Within this 
research we are interested in how robots could similarly perform more fluently 
with their human counterparts.  

Robots that are commonly used today have generally been separated from the 
human workforce due to potentially physical dangers associated with the strength 
and movement speeds presented by large scale manufacturing robotics (14). This 
has meant that within the factory layout, robotics have been placed in positions 
that make use of their capabilities, such as for the unskilled, repetitive tasks that 
require no level of mental flexibility or intelligence (15), which leaves more 
complicated tasks to the human workers. In conjunction to this, traditional robotic 
installations have some weaknesses when compared to manual operators, such as 
a lack of critical thinking and problem solving skills. These issues would often 
lower efficiency and usability, to run at optimal levels. An example of this is the 
often costly safety equipment required to avoid injury to humans on the factory 
floor. This is especially true for the more powerful large scale robots, which 
required safety barriers, fencing or sensor-based light curtains to be placed around 
them to prevent any injury to human workers (16), but this can often cause costly 
disruptions and decrease work efficiency. However, collaborative robotics require 
much less safety equipment, which will allow the robots to work in a more freed 
and open style where they can share their workspace with a human, or team of 
humans (17). As both humans and robots offer different strengths and skills, 
combined utilization of the two could allow robot installation to become truly 
competitive, particularly if the more difficult robot operations are able to be 
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managed in a more cost effective nature. Additionally, collaborative robots can 
improve working conditions by performing the dangerous, repetitive and heavy 
tasks that can cause injury and health problems to human workers. For example, 
musculoskeletal disorders are a serious health concern for workers in developed 
countries, with around half the workforce affected (18). Introducing collaborative 
robots into the workforce could considerably improve the physical health of 
factory workers. Furthermore, the use of collaborative robots could prove to be 
beneficial as they can be managed and taught through intuitive systems such as, 
walk-through programming or augmented reality (19, 20), with greater ease. In 
comparison, traditional robots often require expert engineers to reprogram them 
when tasks change or develop.

The idea of coupling human workers with robots to benefit from the strengths of 
both is not a new concept. With the continued advancements in the way we 
monitor the safety and efficiency of workspaces, collaborative robotics could be 
introduced as a key component with much greater ease (21). Theoretically, these 
new collaborative systems should be much safer than current safety guarding 
setups and will enable workers to work more directly with future manufacturing 
robotics. 

2.   Current Challenges Facing Human-Robot Collaboration 

Although we have seen a rapid growth in the use of automated systems in the 
manufacturing industry, the significant role that humans play in the production 
chain cannot be ignored. Many tasks and processes within manufacturing still 
require the adaptability and ingenuity of human operators who can react according 
to their environment far more efficiently than currently shown by robots. Frequent 
product changeovers, and highly specialised tasks are two examples of areas that 
are currently seen as unviable for automation as they require dexterity and 
flexibility that is currently only possible when using human operators (22).  

Ordinarily, within the manufacturing industry there has been a prioritisation of 
technological advancement over the need to understand how an evolving 
workplace is affecting human workers, especially in regards to their mental and 
emotional wellbeing. This is especially the case when looking at human-robot 
collaboration, where evidence suggests that there has been a considerable lack of 
scrutiny paid towards user issues, which are often the source of failure in 
collaborative robotics implementation (23). These issues have spurred an interest 
in understanding the human factors that can contribute to a more effective system 
(24). In general, current systems are still broadly designed without any true 
attention given to developing a balanced approach to human users, due to the fact 
that there is a fundamental lack of understanding of the psychological principles 
that govern the application of human factors processes (25), this is especially true 
of Systems integrators who are usually responsible for implementing new 
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technologies into the manufacturing workspace. However, currently there is a 
notable absence of tools or frameworks for systems integrators to use in the 
implementation of collaborative robotics, primarily due to limited research in the 
area of worker acceptance and trust. 

Inevitably, there will be a need to consider the implications of introducing robots 
into the workforce, as it has been shown that advanced automation does not 
completely replace the need for the human operator (26). Although recent 
research has begun to establish the primary factors that are likely to have an 
influence on the implementation of collaborative robotics at the organisational 
and individual level (27), this research has limits to its use in an applied context. 
Consequently, research into the issues affecting human workers will continue to 
fall behind in comparison to the speed at which technological advancements are 
implemented, this is usually the result of overlooking human issues (28). 
Therefore, if we are to improve manufacturing processes there needs to be deeper 
considerations given to the design of robotics integration systems. 

2.1.   The Human Worker 

Inattention to designing for the human element can be detrimental to the whole 
manufacturing process as well as the human worker. However, many 
organisations have not been able to grasp the full potential of these practices. 
Some reports even suggest that an upper value of 75% of all implementations have 
failed in terms of quality, flexibility, and reliability (29). Ironically, the problem 
does not appear to lie with the machine or the technology itself. Numerous studies 
have suggested that these practices impose significant organisational challenges 
and require a fundamental transition in the way business is conducted which in 
turn is affecting the human element (30). An empirical survey of 759 senior 
executives of manufacturing organisations (31) concluded that the major barrier 
towards successful introduction of flexible automated systems is the inattention 
to human issues. 

The extent to which human workers are able to adapt, 
psychologically and physically, to the continued developments 
within the workplace, will be one of the most important concerns of 
the new fourth industrial revolution. It is unavoidable that there will 
be a sustained growth in the number of robots deployed within the 
manufacturing industry, however, to prevent the problems that have 
occurred in many previous technology adoptions (32) from 
happening again, consideration of the design and usability of 
collaborative robotics need to be planned for in advance of 
integration. Moreover, it is likely that the requirements of human 
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operators working with collaborative robotics will change 
dramatically in the future. Although many potential issues may arise 
from the changes that will occur in the workplace, this research aims 
to discover and understand the key human factors that may affect 
the adoption of collaborative robotics.

2.2.   Trust and Acceptance 

A crucial barrier to overcome in the implementation of collaborative robotics is 
the current lack of trust and acceptance that most factory workers have towards 
these new machines (33), as they are used to viewing manufacturing robots as 
being large and dangerous. This may cause workers difficulties when eventually 
having to interact with the robots, and cause them to actively resist the deployment 
of the robots onto the shop floor. The key to preventing these issues will be how 
well workers are able to familiarise themselves with these new machines, and 
accept them, to some extent, as their co-workers. Consequently, research is being 
performed concerning issues of acceptance and trust between humans and 
collaborative robots (34), however, past research has yet to be applied in a work 
setting. Furthermore, there is still much to understand as such concepts should be 
carefully introduced, because of the impact they may have to human workers. 

Previous research has often focused on the more physical aspects of safety 
concerns, and ignored the need for research into the needs of workers who may 
spend long periods of time interacting with these robots (35, 36). Additionally, 
there has also been a lack of consideration for how workers feel about working 
alongside such machines, especially within the context of psychological language 
and analysis. Interestingly, we may even have to consider how human operators 
will change their own behaviours as ever more intelligent and autonomous 
systems are developed (37). Currently, the focus has been on protecting human 
workers from physical injury, but we now need to take more considerations on 
how we can make the transition to a more collaborative workplace as easy as fluid 
as possible. While current standards have taken aspects of design and social ethics 
into consideration, they have not always covered the industrial context to which 
they are most likely to be applied, and therefore have some limitations. 
Nevertheless, it is clear that organisations need to consider including 
psychological safeguards at all levels, from initial training to continued workplace 
support. 

To encourage feelings of trust between operators and collaborative 
robots, could providing in-depth training about the reliability and 
performance of collaborative systems, allow workers to feel more 
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settled? It would be preferable if all operators where made aware 
of every technical aspect of the system, without anything being held 
back, which would be a much more ethical approach to take, but is 
this approach feasible? As of yet there has been no significant 
research on the level to which workers should be made aware of the 
true risks of interacting with collaborative robotics. Consequently, 
failure to attend to the human factors could prove to be detrimental 
to robotics adoption, and with the concept of industrial HRC still at 
its infancy, it is crucial to discover and understand the key human 
factors that need to be considered for the successful implementation 
of industrial HRC. 

3.   Conclusions and Recommendations for the Future 

During this paper we have outlined the current issues facing implementation of 
collaborative robotics into the manufacturing workspace, and how we can move 
towards tackling these issues. Despite this, human workers will need to adapt to 
the evolving workplace, and demonstrate that they are able to adapt to new styles 
of working, and the likelihood that there current roles within an organisation will 
change.  

Therefore, we must provide a clear system to deliver the information resulting 
from these future studies. If we are to make an impact in the way systems 
integrators make decisions, then we must make sure that the research prevents 
confusion and increases the chances of successful deployment. Additionally, this 
step will allow organisations to manage the large internal changes that will take 
place, and allow workers to adapt to new positions naturally. This is arguably the 
most important future action to be taken, as if the results of the studies are 
implemented incorrectly or not at all, because of a lack of understanding on the 
system integrators part, in regards to the language or format that the research is 
presented in, it could have a significant impact on the success of collaborative 
robotics integration and therefore, negatively impact an organisation's business. 
However, we must be aware of the potential limitations that such research can 
have, as context and environment will play a vital role as to whether it will be 
successfully applied in a manufacturing setting. Limitations such as; cost 
efficiency, ethics and reliability could all impact the likelihood of the research 
being accepted and utilised by the industry. 

Overall, prior research has begun to inform us of the psychological impacts of 
industrial based HRC (25), however there are still many issues to understand. 
Ideally more time and investment is needed before we can present any definitive 
system for successful integration. To prevent a continuation of the ignorance 
surrounding the necessary application of human factors within the HRC 
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environment, we must look towards developing a standard system of deployment 
and integration which can successfully be used by systems integrators, to reach 
organisational goals and targets in a realistic and sustainable way. 
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