Human-robot collaboration in assembly processes
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Annotation: In the conditions of strong market competition and ever-
increasing customer requirements, there is a need to produce more types
of products in smaller batches. Robotic systems often cannot meet the
demands of such flexibility, and therefore some operations can only be
performed by humans. One solution to achieve the required flexibility is to
combine an appropriate level of automation with human skills. The
general importance and reason for cooperation with robots is related to
the need and possibility of combining repeated and controlled
performance of robots with the skills and reactive abilities of operators. In
general, humans have an excellent ability to perform tasks in an
unstructured and inaccurate environment, while robots perform tasks with
precision, power, and control.

1 Introduction

Robots are used in repetitive and deterministic operations within production
lines or at robotic stations and perform various operations - from object
handling, machine operation, assembly to welding and painting processes.
Typically, these systems are fully automated isolated cells and operate
separately from the operators to ensure complete security. Although robots
are characterized by their flexibility, they are generally not as flexible as
expected. The application of automation requires adequate and consistent
processes with large production volumes. In the case of product variability,
the processes should be similar so that task programs and algorithms can be
adapted in the case of product variability. [1]

The requirements of the current market are associated with high demands on
the variability and diversity of products. As a result, the product range is
expanding, and the batch sizes are lower. Traditional automated systems can
no longer handle such diversity due to a lack of flexibility, and this is one of
the reasons why some products are usually assembled by highly qualified
workers.

As a solution to achieve the required flexibility of the assembly system is a
combination of an automated system and human work. Thanks to the unique
cognitive and sensorimotor capabilities of man, the operator is able to perform
assembly steps that today's assembly systems cannot automate. The
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experience and creative thinking of the operator allows to find a solution even
for unstructured or incomplete defined tasks. In contrast, the robot can
facilitate the work of the operator by, for example, carrying heavy weights or
taking on monotonous activities. The effective division of activity between a
human and a robot increases the productivity of the entire workplace and at
the same time relieves the person of muscular and mental strain, reduces the
level of stress and increases safety in the workplace. Collaborative assembly
cells have high flexibility and can quickly switch between different products
and produce even in smaller batches. [1]

2 Influencing factors of human-robot collaboration

The interaction between a human and a robot is influenced by several factors.
According to Rahimi and Karwowski [3], human-robot interaction systems can
be divided into various influencing factors. The authors define this type of
interaction system as an n-tuple:

HRIS = (T,U,R,E,l) (1)

where:

HRIS - human - robot interaction system,
T — represents the task requirements,

U a R — characteristics of User and Robot,
E — environment of interaction,

| — set of interactions.

The requirement for user tasks and characteristics can be divided into
cognitive and physical characteristics, while the characteristics of the robot
consist of software and hardware aspects. It follows that the interaction
between a human and a robot can be influenced by many different factors
(Fig. 1), although it depends on the type of interaction. [2]
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Figure 1 - Influencing factors of human - robot collaboration [2].

Depending on the influencing factors of human, robot and environment,
different optimization criteria can be derived for the design and evaluation of
this type of cooperation (Table 1). Therefore, the planning of the joint
workplace as well as the division of tasks should be focused mainly on the
mentioned optimization criteria. The optimization criteria include the division of
functions, it means if the given assembly step is performed by a human or a

robot. [2]

Table 1 - Optimization criteria for human-robot collaboration

Category Human Robot
Availability Availability

o Feasibility Feasibility

Tasks division - _
Realization time Mountability

Realization time

Physical ergonomics

Ergonomic risk

Substitution human-robot

Cognitive ergonomics

Transparency of assembly
sequence.

Transparency of robot behavior.

Environmental
ergonomics

Work conditions (e.g.
noise, lightning,
temperature)

Technical

Tool change
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Operator availability is limited by various factors such as job rotation. The
availability of the robot can be affected by e.g. the principle of shared
resources, alternating service of workplaces or simply a technical outage. The
basic feasibility of assembly steps by either a human or a robot is also a
fundamental criterion. In relation to humans, feasibility is primarily based on
experience and skills, the limitation may be e.g. heavy component weight or
insufficient training. The feasibility of the robot is limited mainly by its technical
specification, such as the type of gripper, etc. The last influencing factor for
the division of tasks is the time of the assembly step. From an economic point
of view, it seems advantageous to assign the assembly to a source that runs
faster, which can optimize the overall product assembly time, but sometimes
economic criteria may conflict with others, e.g. ergonomic. If the operator's
workflow changes too often, there could be an increase in mental strain or a
situation that could endanger human health. [2]

3 Ergonomic conditions

The design of the workplace and the operation should take into account
ergonomic working conditions, including physical, cognitive and environmental
ergonomics. Physical ergonomics includes the assessment of ergonomic risk
as well as the number of changes in workflows between man and robot. It is
necessary to completely avoid assembly steps, which are associated with
poor ergonomic conditions, resp. their number should be reduced to a
minimum. Similarly, in the case of robot performance, the number of changes
in work activity should also be minimal, as frequent changes in robot activity
increase the risk of danger to the operator or there may be a
misunderstanding between a human and a robot. [3]

Other influencing factors of human-robot cooperation can be established in
environmental conditions. For example, noise exposure or temperature stress
significantly affect human performance. In addition, insufficient lighting in the
workplace prevents stress-free work. Cognitive ergonomics consists of
transparency of assembly steps and robot behavior, it is influenced by mental
workload and predictability. The assembly procedure is chosen regarding
three conditions [4]:

e Components that are mounted in close proximity to already stored
components are preferred.

e The product is mounted parallel to the mounting surface.
e The product is assembled in assembly groups.

The more conditions considered during planning, the less the mental strain on
the human operator interacting with the robot. The behavior of the robot itself
can change in terms of speed and trajectory of its movements.
Anthropomorphic velocity and trajectory profiles significantly increase the
predictability of robotic actions, which is essential for interaction.[4]
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4 Example of the collaborative workplace

Collaboration means cooperation in a shared workspace. This requires
special security measures that apply not only to hardware and software, but
also to other issues such as risk assessment, workstation design and tasks to
be performed, documentation, training, etc. The overall arrangement of the
robotic station in cooperation with the operator is shown in the figure 2. The
robotic station has standard protection measures that ensure safe operation in
full automation mode. In the collaboration mode, there is a specific common
space where both the robot and the operator intervene, in this case the space
IS monitored by security scanners, which ensure that no person enters the
work space that does not belong to the cooperation. During collaboration,
there may be different ways of interacting - which involve direct contact or just
working at close range. [1]
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Figure 2 - Schematic illustration of a collaborative workplace.

For a collaborative workspace, the priority is to eliminate or reduce the
hazards or risks that can be foreseen during the performance of shared tasks.
These facts should be considered during this design process [1]:

e  Set limits of space for cooperation,
e Defined approach and conditions of cooperation,

e Identification of ergonomic problems related to the human-machine
interface,
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e Identification of restrictions of cooperation.

Using software such as Tecnomatix Jack from Siemens or CERAA from CEIT,
it is possible to correctly design a workspace and a detailed layout of the
workplace regarding to ergonomic regulations and applicable legislation.

5 Conclusion

There are several reasons for the implementation of combined collaborative
workplaces, whether it is an effort to relieve a person from excessive physical
and mental stress or the inability to fully automate certain processes. Unlike in
the past, when robotic workplaces had to be fenced, nowadays this kind of
cooperation is feasible. The main benefits of human-robot collaboration are
relieving humans of hard work, increasing production efficiency and the ability
to produce a wide range of products in small batches. The kind of robot-
human collaboration is interesting in many cases and opens up a new
opportunity in tasks and applications that cannot otherwise be automated with
robots.
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