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Abstract: There s a growing demand for humans and machines to collaborate. Many examples can be found of this in our daily lives; simple devices in our
household or semi-automatic machines in factories where some level of collaboration has been realized. The field of robotics also has a chance to make
workplaces safer, more collaborative, and more productive for the operators. One of these forms of this collaboration is when a human and a robot can work
together without any physical barriers. The aim of this review is to collect the available and applicable technology in the field of collaborative robotics safety
based on “Collaborative robots - 150/TS 15066:2016" standard. The safety aspects of collaboration are to comparing the implications of standards with the
direction in which research are conducted in science. In this review the requirements are compared starting from the risk assessment through the theoretical
methods to the implemented case studies. Finally, the paper provides insights to the possible directions in the field of human machine collaboration.
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1. INTRODUCTION

Collaborative robots (cobot) are industrial robotic arms that are capable of reaching some level of collaboration
with humans [1]. This collaboration can be useful and dangerous to humans in many ways. Statistics as Figure
1 shows that the robotization of factories is increasing year by year, which is reflected in the number of
collaborative robots in recent years, which reached 6% in 2020 [2].
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Figure 1. Collaborative and industrial robot trends [2]
Several types of collaboration are distinguished,
depending on the level of human-machine restricted

. . . . workspace
collaboration. This can be coexistence, cooperation, _
. . . operating
and collaboration [3]. Coexistence is when the work workspace

area of a person and a machine is separated, contact
is possible but unpredictable. [4] In the case of
cooperation, part of all the workspace could be the
same, but human and robot are separated in time,
with one working in the collaborative workspace and
the other not [5]. Can be done by complete
collaboration when human and robot work together

in a workspace at the same time. The collaborative s
workspace (Figure 2) could be all of part of the robot
cell workspace [6].

Whole of this workspace needs to be evaluated and
considered for risk analysis when the goal is to safely design a manufacturing system which is supported by a
collaborative robot.

This paper begins with an examination of the regulations and standards applicable to European conformity
assessment for machinery. What makes a collaborative robot and a manufacturing cell using a collaborative

collaborative
waorkspace

Figure 2. Collaborative workspace [6]
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robot specialty and what does not. It examines the type of “Type A", “Type B" and “Type C" standards can be
apply the use of collaborative robots and examines the technical solutions available to meet the safety
requirements of the standards. It highlights the conformity assessment process through the “Collaborative
robots - ISO /TS 15066: 2016" standard, from risk assessment to individual technology solutions.

Followed by a review of the literature, which means evaluating articles for the following terms. Numerous
articles between 2010 and 2022 years were found during the search. However, in the search for examples,
articles were selected that were created in the past 2-3 years.

2. THE SAFETY OF COLLABORATIVE ROBOTICS

Conformity assessment of machinery in Europe is guided by the Machinery Directive 2006/42 / EC [7]. As the
robot is a partially finished machine, its suitability is not usually evaluated on its own [8]. Connected to other
technologies, machines, gripping devices, etc. thus, only the safety assessment of the whole system makes
sense, and the risk assessment should consider the full scope of the system [9]. Considering the hierarchy of
standards as Figure 3 shows, "Type A", "Type B" and "Type C" standard can be considered when creating a
collaborative application [10].

Type A *EN ISO 12100
Basic safety
standards

Type B *EN ISO 11161

B1- Overall safety aspects *EN 60204-1
B2 - Relevant safety *EN 1037
devices *EN ISO 13850
¢ISO/TS 15066

TypeC *EN ISO 10218-1

Specific safety standards *EN ISO 10218-2

*EN 619

Figure 3. Standards hierarchy [10]
“Safety of machinery. General principles for design. Risk assessment and risk reduction - I1SO 12100:2010"
contains general safety requirements and provides guidance on how to perform a risk assessment [11].
The “Type B” standards the “Safety of machinery. Integrated manufacturing systems. Basic requirements - 1ISO
11161:2007" for a group of machines [12]. Applicable to “Safety of machinery. Electrical equipment of machines.
Part 1: General requirements - EN ISO 60204-1: 2005" which covers safety requirements for electrical equipment
[13]. As regards the safety of machinery, the “Safety of machinery. Prevention of unexpected start-up - EN 1037"
[14], Safety of machinery. Safety distances to prevent hazard zones being reached by upper and lower limbs -
ISO 13857: 2008" [15], “Safety of machinery. Emergency stop function. Principles for design - ISO 13850: 2015"
[16]. In addition, numerous standards can be applied to collaborative robot systems depending on the
application where robot is used.
There are specific “C" type standards for collaborative robot applications. The two most important are “Robots
and robotic devices. Safety requirements for industrial robots. Part 1: Robots - ISO 10218-1:2011" which contains
specifications for robot builders and “Robots and robotic devices. Safety requirements for industrial robots. Part
2: Robot systems and integration - 1SO 10218-2: 2011” which applies to robot integrators themselves [17], [18].
The former has been supplemented by a technical specification which is “Collaborative robots - 1SO / TS 15066:
2016" a technical specification dedicated to the use of collaborative robots which contains several references
to the standards mentioned earlier.
In addition to the general machine and robot requirements of the standards, where contact between the
operator and the robot is not permitted, it is necessary to specify what contact is allowed. The technical
specification distinguishes between two types of human-robot contact. One is the “Quasi-static contact”, and
the other is the “Transient contact” [19]. The force of the contacts is maximized by dividing the human body
into zones, and force and pressure values acting on the surface were determined. The strictest thresholds are
imposed around allowed around the eyes and the head [20].
Methods of collaboration can be: “Safety-rated monitored stop” is one of the most common collaborative
applications where the appearance of a person results in a controlled stop in the workspace (stop category 2)
[21.] Secondly, the “Hand guiding” function is widespread not only for cobots but also for many industrial robots,
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this type of training method can be used when the robot can be moved by hand to position [22]. There is also
"Speed & separation monitoring" and "Power & force limiting", where the collaboration is realized in real time
[23], [24].

3. APPLICATIONS OF COLLABORATIVE ROBOTS

Initially, the introduction of collaborative robots into production began with simple tasks, as before with
industrial robots. Collaborative robots are used for various tasks where dull, dangerous, dirty work must be done.
The simplest of these is the pick & place applications that can be implemented with less space when using a
cobot, with laser scanner area monitoring can avoid the fence construction [25]. This type of system can be
used, for example, for assembly [26]. However, there are many commercially available welding applications
where it is difficult to reduce their safety risk to the appropriate level in a collaborative use [27]. Cobots are used
not only in industry but also in agriculture [28]. Experiments are also underway for the medical use of cobots,
as Figure 4 shows including COVID-19 test sampling [29], [30].
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Figure 4. Collaborative robot for COVID-19 oropharyngeal swabbing [30]
Considering security papers, speed and separation monitoring is growing and such applications are emerging
[31]. Furthermore, due to the use of deep learning cameras, the optical observation and evaluation of the
collaborative field is also constantly growing [32].
Looking to the future, robotic sensing is constantly evolving, both in terms of electro-mechanical systems [33]
and in terms of camera applications [34]. On the software side, examples can be found of the application of
artificial intelligence and the development of error detection systems [35].
4, CONCLUSION
This article overviews what key standards and rules apply to collaborative robots. Overall, the conformity
assessment of collaborative robots is based on the same foundations as non-collaborative robots. The biggest
difference is that contacts are allowed between human and robot but it is well requlated and subject to strict
limits. In terms of applications and safety solutions, it can be said that they are experimenting with a solution
for any application that can be solved with an industrial robot, and further, collaborative robots have appeared
in various industries where they have never been used before.
Note: This paper was presented at ICOSTEE 2022 — International Conference on Science, Technology, Engineering and Economy, organized by University of
Szeqged, Faculty of Engineering (HUNGARY) and Hungarian Academy of Sciencies — Regional Commettee in Szeged (HUNGARY), in Szeged, HUNGARY, in 24
of March, 2022
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