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Abstract — with the application of collaborative robots in 

assembly lines, new challenges appear for the industry.  By 

developing user experiences with a technology and gaining new 

skills might change the user’s attitudes towards uses of that 

technology.  In this work present a framework that can be used 

to educate potential users in industrial human robot 

collaborative scenarios. This work details various physiological 

aspects that need to be considered in human robot collaboration 

and describes the viability of the educational framework in 

answering these physiological aspects. The work also deals with 

safety aspects and details various safety concerns of industrial 

human robot collaboration and points towards recent advances. 

This paper names these challenges and explains possible 

solutions on the example of a collaborative screwing robot. 

I. INTRODUCTION 

The future of modern industrialization brings 
collaborative robots in the assembly lines. One overarching 
goal of robot researchers and developers is widespread 
acceptance of robots within our society. Most research in 
human-robot collaboration mainly focuses on the reasons why 
and the ways in which people use or collaborate with their 
robots [8]. The role of users has been increasingly addressed 
within literature. Involving end-users in the early stages of 
development helps researchers understand the cultural and 
social contexts of acceptance and enables developers to apply 
this gained knowledge into their designs, a paradigm that has 
recognized that users shape technology [7]. In literature, by 
including the user, an attempt is made to overcome problems 
associated with approaches that focus on the actors that 
produce the technologies such as scientists, engineers, 
politicians, financers and marketers [9]. This paradigm of 
social or mutual shaping of technology has been debated for 
robotics similarly [10].  

Like every new technology, collaborative robots introduce 
new challenges to the industry. The biggest challenges to 
create benefits for the industry are to find business cases, get 
the engineering done, deal with the psychological aspects in 
the field of human robot collaboration and get the employees 
educated for the new technology. 

By developing user experiences with a technology and 
gaining new skills might change the user’s attitudes towards 
uses of that technology [11].  With this background, we 
present a framework to educate potential users in industrial 
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human robot collaborative scenarios. This work details 
various physiological aspects that need to be considered in 
human robot collaboration and describes the viability of the 
educational framework in answering these physiological 
aspects. The work also deals with safety aspects and details 
various safety concerns of industrial human robot 
collaboration and points towards recent advances. The 
remaining part of the paper is organized as follows: the 
business cases dealing with human robot collaboration are 
presented in Section II. Then, the demonstration setup and the 
constituent components are explained in detail in Section III. 
In section IV, the physiological aspects of industrial human 
robot collaboration are dealt with. In section V, the RIC 
education framework for human robot collaboration is 
presented. Finally, in section VI the safety aspects are 
discussed in brief detail followed by some concluding 
remarks. 

II. THE BUSINESS CASES 

In industrial environments, the combination of cognitive 
capabilities of humans with the physical strength and 
efficiency of the robots/machines can essentially reduce the 
amount of fixed production costs in relation to variable costs. 
Collaborative robots have two main advantages. First they 
need less space, because they are not locked in cells. Second, 
additional safety devices like light curtains are not necessary. 
Both aspects reduce the investment and the worker can work 
closer to the robot. The main disadvantage is that the robot is 
slow. 

ROTAX [1] produces internal combustion engines. The 
picked example for a collaborative robot is a screwing 
application. At most screwing applications on the production 
line, 4 to 10 screws have to be tightened. The cycle time of 
the lines is between 2 and 3 minutes. This means, there is no 
need to tighten each screws in less than 10 seconds, as faster 
screwing extends the robots waiting time and does not 
increase benefit.  

The only way to increase benefit is to find a way to 
increase the work load of the robot. For example, the robot 
does not just tighten the screws after a worker put the screws 
in the right position. It should be possible for the robot to put 
the screws in the holes before tightening. The work time for 
positioning a screw is nearly equal to the time for tightening 
the screw. So it makes sense to give the robot the ability to 
put the screws in position. Since March 2017 this is easily 
possible. The company Stöger Automation [2] developed 
such a device for collaborative robots with the necessary 
safety features. 
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Figure 1: Robot in Assembly Line 

Figure 2: Stöger srewing device 

III. ENGINEERING OF THE SCREWING ROBOT 

The ROTAX assembly lines are based on an AGV system 
(see Figure 1). The AGV carries the engine holder. On the 
engine holder the engine parts get mounted until the engine is 
complete. Along the AGV Street, tools hang down mounted 
on balancers. The AGV is stopped in front of the robot, while 
the robot is tightening screws. The AGV position is +/- 50 
mm accurate. The worker has the possibility to lift the engine 
to a familiar height for his work task, therefore the engine 
height is not guaranteed either. The light conditions are 
normal industry standard with skylight. 

As collaborative robot a Universal Robot UR10 is used. It 
is equipped with a current control safety shut down as main 
safety fixture. This fixture stops the robot if it needs an 
unexpectedly high force for movement. In this way collisions 
are detected. The application is designed according to 
standard ISO/TS 15066 first edition 2016-02-15 [5]. On the 
most application surfaces the current shutdown is sensitive 
enough to reach the force and pressure goals of ISO/TS 
15066. Just on the screwdriver tip the pressure on a human 
body would be higher than allowed in the standard. So the 
screwdriver tip is designed as a telescope. If there is a hit on 
the tip, the tip gets pushed back. A spring removes the tip in 
the correct position after the obstacle is removed. Two laser 
analog sensors monitor the position of the tip. If the tip moves 
back too far, the laser sensors trigger a safety shutdown.  

The robot searches the screw heads with a vision system 
that is based on a CMOS camera with an infrared filter. An 
infrared filter is used to reduce the problems with interfering 
light of the environment. For the illumination is a LED 
illumination is mounted.  

The screws are found in a two-step process. First the robot 
takes a picture of a tag mounted on the product holder. The 
tag shows 6 pieces of a matrix code. The robot measures the 
position of the matrix codes and estimates the engine’s 
position and twisting. After this first step, the robot moves the 
camera focus point to the first estimated screw head and takes 
a second picture. With this picture the Robot calculates the 
exact screw head position. Now the robot moves the 
screwdriver in the hexagon socket and locks the screw. The 
success rate of this procedure is about 99.9 %. As purpose 
unit for the screwdriver an ATLAS COPCO Tensor ETD is 

used. ROTAX plans to substitute the ATLAS COPCO device 
with a Stöger Automation device to achieve a better business 
case.  

The Stöger screwing device (see Figure 2) is constructed 
for human- robot collaboration. It is designed according to 
ISO/TS 15066. By using of alloy and thermoplastic 
(polyamid12) the weight of the screwing head is reduced to 3 
kg. All edges are rounded. The critical areas are coated with a 
pressure sensitive rubber. The signal of the rubber can be used 
to switch the robot off in case of collision. Screws are 
supplied with an automatically feed system based on a 
vibratory bowl. An open drive interface allows using the most 
common screwdriver devices and their control systems like 
ATLAS COPCO, WEBER, APEX... An interface for data 
exchange to the robot control system is included as well. As 
the whole Stöger subsystem can be controlled directly from 
the robot control, no additional PLC systems is required. 

Devices like this reduce the development time and costs 
for the collaborative robot and increase the saved work time 
of the construction. 

IV. PSYCHOLOGICAL ASPECTS OF HUMAN ROBOT 

COLLABORATION  

The best robot does not bring benefit if the worker doesn’t 
want to work with it. While introducing the collaborative 
robots 4 main issues causing insecurity were found: 

 

a) complexity of the tool 
b) fear of job loss 
c) fear of damaging the robot 
d) fear of injury  

 

After naming the fears it is necessary to understand the fears: 

a) The normal worker in a plant needed to handle simple 
tools like a cordless screwdriver. Now he/she has to solve 
small malfunctions of a complex robot. Even if the robot is 
easy to operate, it is a big step in complexity of the 
employee’s work task. 
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b) The automation of the screwing process is done to save 
working time. In the worker’s mind the robot is in 
competition for the employee’s workplace. It is difficult for 
employees to accept that the reduction of production costs by 
robots leads to a decreased product price. The reduced price 
leads to a higher number of sold engines and the additional 
engines produce more work for people. So the robot creates 
new jobs instead of wrecking jobs. 

c) Compared to the income of a worker, every robot is a 
valuable asset. That leads to the fear that workers can damage 
the robot in case of a mal-operation. Especially in the case of 
collaborative robots, this fear is reasonless. If the robot 
crashes against a barrier, it stops immediately and the risk of a 
serious damage is very small.  

d) The employee’s biggest fear is getting hurt by the 
robot. The trust in the robt’s safety devices is very small, 
specifically if the employees don’t know how the safety 
devices work. 

All of those main fears have one thing common: They are 
based on a lack of information and education. For this reason, 
the RIC GmbH [3], a BRP-Rotax subsidiary, developed an 
education program for collaborative robots. This program is 
spicily designed to deal with these fears and educate the 
employees to operate the robot. 

V. RIC COLLABORATIVE ROBOTS EDUCATION SYSTEM 

Figure 3: Education System RIC GmbH 

An additional challenge in the training program is the 
different educational background of the trainees. Some of 
them are trainees on the job. Others have some university 
degrees in engineering or programming. Figure 3 depicts the 
RIC education system framework. 

According to these different preconditions the training 
program starts different. Trainees on the job start with a 
familiarization course. In this course the trainees learn how to 
switch the robot on and off, how to fix malfunction and how 
the safety system works. Additionally, they learn to work with 
the robot in assembly use cases and can try out safety stop in 
collision situations. 

For maintenance staff it is better to do the familiarization 
course on another way. For them, the program starts with the 
module electronic/control engineering. In this module the 
trainees learn how to connect the robot with sensors, PLCs 
and other devices. The reason for this different approach is 
that the trainees should not feel unchallenged. The rest of the 
course is similar to the familiarization and introduction 

module. After these first lectures the trainees should be able 
to operate the robots if the program for the robot is provided 
by a supervisor.  

The second step is the module for introduction to teach in. 
This second module contains lectures about teaching in 
simple operations, about different types of the coordinates, 
safety, weight and tool center settings. After this lecture the 
trainees should be able to write their first small programs or 
do small changes on existing programs. 

The third module deals with gripper. The trainees learn 
how to connect the gripper with the robot, how to install the 
gripper app on the robot controller and how to use the gripper 
functions in a program. Additionally, the use of a vacuum 
gripper, a two finger gripper and a camera system (wrist-
camera) is learned and a force and torque senor kit for 
Universal Robots is instructed. One task of the course is to 
search cubes with the camera and to stack them with a 
vacuum or two finger gripper. 

The next module is the screwing module, where the Atlas 
Copco and Stöger screwing modules are introduced. After the 
module the trainee is able to program both screwing control 
systems and to fix malfunctions on the screwing systems. 

The last robot module is the special teach in module. The 
content of this module contains how to connect the robot with 
other PLCs, sensors or additional self-developed devices. The 
module contains electronic engineering and control 
engineering. The trainees should be able to connect self-
constructed grippers or any digital or analog sensors with the 
robot and use all digital and analog input and output channels 
of the robot. 

For advanced robot projects there are often a special GUI 
necessary. To cover these needs, a programming course is 
created. This course is organized in 3 modules. The first 
module is organized by an external University. In this module 
the trainee gets introduced to the programming language C#.  
If the trainee is experienced in C#, C++ or C, the first module 
can be skipped. In this case it is possible to start directly with 
the scripted code programming module. 

The scripted code programming module explains how to 
program the UR-Robot with scripted code. With this module 
the trainees can use advanced functions that are not available 
with teach in. 

The last module for the UR-robot is the mode bus module. 
Mode bus allows data exchange between a PC or another 
control system with the robot. 

VI. SAFETY AND LEGAL ASPECTS 

Safety is a special challenge for collaborative robots and 
therefore also part of the training program. It is not enough to 
construct a working collaborative robot, it is also necessary to 
pay attention to the national laws. In Austria we have to 
respect the latest version “MSV 2010” (Maschinen-
Sicherheitsverordnung 2010) [4]. This federal law regulates 
the placing of machines on the European market. In general, it 
is enough to respect this law to use the robot, but in case of a 
work accident the distributor of the machine is in charge to 
prove that the accident happened, although the construction of 
the machine is correct.  
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Another way is to respect harmonized standards like some 
DIN or ISO standards as well [6]. In this case, the distributor 
just needs to prove that his machine is in execution equal to 
the description of the standard. In many cases this is much 
easier to prove than it is with MSV 2010 only. For 
collaborative robots the standard ISO/TS 15066 exists. This 
standard contains specifications like possible forms of 
collaboration or suggestions for force and pressure limits. If a 
harmonized standard is respected, the injured party needs to 
prove in court, that the harmonized standard is not safe 
enough, to win in court against the distributor. 

The second part of the safety standards and law module is 
a practical exercise. In this exercise the safety analysis and 
necessary documentation of the safety analysis is shown to 
the trainees, to make them understand, that a small change of 
the work place can be enough for a repetition of whole safety 
analysis. The outcome of the new analysis can lead to an 
upgrade of the safety devices of the robot. 

If a plant uses collaborative robots and aims to do changes 
on the system, it is essential to have at least one employee, 
who can perform the safety analysis and its documentation. 

VII. CONCLUSION 

We presented a framework for educating potential users in an 

industrial human robot collaboration. The framework 

considers various physiological and safety aspects required 

for human robot collaboration. The following are some 

concluding remarks that form the result of our work:  

 If the collaborative robot moves faster, it doesn’t 
bring a financial benefit in the most cases. 

 To use collaborative robots in industry, the industry 
needs devices specifically developed for this kind of 
robots, to make the safety analysis easer, reduce the 
development costs and increase the benefit of the 
system. 

 It is not enough to implement the collaborative robot 
in the production line. It is also necessary to 
familiarize and educate employees for working on 
the robot. 

 Small changes of the environment or the work piece 
can change the safety situation significantly. Every 
change on the system leads to a review of the safety 
situation. It is necessary to have some employees to 
perform this task in the plant. 

 To support the employees at the safety analysis, a 
supporting software tools would be a great help. 
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