
  

  

Abstract— Growing interest in Human-robot interaction 
(HRI) in the industry makes it necessary to look deeper into the 
design of systems, where humans collaborate, interact, or at 
least coexist with industrial robots. This study investigates the 
influence of the trajectory of an industrial robot’s Tool Center 
Point (TCP) on user well-being as well as human performance 
in a cooperative scenario like HRI. Results show that variable 
motions of the robot lead to worse performance and reduced 
acceptance and thus, are not suited for use in HRI. Preferred 
TCP trajectories proceed on a straight line from start to finish. 

I. INTRODUCTION 

If humans and industrial robots combine their individual 
skills more complex tasks can be solved, as the weaknesses of 
one partner can perfectly be complemented by the strengths of 
the other. For instance, humans are not suited for heavy-
loaded and repetitive handling tasks, whereas robots are not 
overloaded by this. To ensure that system efficiency is as high 
as possible, it is necessary that humans experience well-being 
next to the robot and feel comfortable. Several studies 
examined the effect of different acceptance- and performance 
influencing factors, such as appearance of the robot [1], robot 
speed or its distance between itself and the human partner [2], 
as well as motion behavior of the robot [3] [4]. According to 
[5] the trajectory of the robot, specifically of its Tool Center 
Point (TCP), has an impact on the human as well.  

II. METHOD 

A total of 19 participants were sitting at a workbench and 
had to solve two different tasks. One of them included 
interaction with the robot that was positioned in front of the 
subjects (Fig. 1). The interaction with the robot consisted of 
adding logical patterns (supplied on a sheet of paper) to 
patterns that were attached to the robot’s TCP. 
Simultaneously, a 2-back audio task had to be executed.  

To detect the influence of the TCP’s trajectory, its path of 
motion is systematically varied. Four different conditions 
were implemented using different robot programming modes:  

 
Figure 1.  Experimental conditions. 

Human performance and well-being were measured with 
the help of the following variables: results of the logical 
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adding and of the 2-back audio task, NASA-TLX and STAI-S 
questionnaires, as well as subjective evaluations. 

III. RESULTS 

Every dependent variable was scored separately. 
Experimental design and empirical findings led to the 
allocation of different validities to each of these variables. 
Table 1 is the outcome of a weighted use-value analysis. 

TABLE I.  FINAL ASSESSMENT OF THE DIFFERENT CONDITIONS 

 PTP Linear 
(direct) 

Max. 
distance Variable 

Task (logical adding) 15 12 9 3 
Task (2-back audio) 6 8 4 2 
NASA-TLX 2 1 3 3 
STAI-S 4 1 2 3 
Subj. evaluation 1 8 16 12 4 
Subj. evaluation 2 8 16 12 4 
total 43 54 42 19 

 

Variable trajectories lead to the worst result. While no 
significant differences between the PTP- and the maximal 
distance trajectories can be made out, keeping the TCP on a 
direct (straight) connection from the start to the goal seems to 
be the way to program the robot. 

IV. DISCUSSION 

An explanation for the bad results of the variable 
trajectories could be that the robot’s motion behavior was not 
predictable anymore and as a consequence, participants could 
not adapt themselves to the robot and were unsettled. 
Simultaneously, this explains the good result of the direct 
motions, as they effect the most predictable robot behavior. 

REFERENCES 
[1] J. Goetz, S. Kiesler, and A. Powers, “Matching Robot appearance and 

Behavior to Tasks to improve Human-Robot Cooperation,” IEEE 
International Workshop on Robot and Human interactive 
Communication, 2003, pp. 55-60. 

[2] R. Kato, M. Fujita, and T. Arai, “Development of Advanced Cellular 
Manufacturing System with Human-Robot Collaboration. Assessment 
of Mental Strain on Human Operators Induced by the Assembly 
Support,” IEEE International Symposium on Robot and Human 
Interactive Communication, 2010, pp. 355-360. 

[3] S. Shibata and H. Inooka, “Psychological evaluations of robot 
motions,” in International Journal of Industrial Ergonomics, vol. 21, 
1999, pp. 483-494. 

[4] R. Ikeura, Y. Kawakita, M. Ito, and K. Mizutani, “Previous Notice 
Method of Three Dimensional Robotic Arm Motion for Suppressing 
Threats to Humans,” in Proceedings of the IEEE International 
Workshop on Robot and Human Interactive Communication, 2003, 
pp. 353-357.   

[5] S. Thiemermann, “Direkte Mensch-Roboter-Kooperation in der 
Kleinteilemontage mit einem SCARA-Roboter,“ Heimsheim, Jost-
Jetter, 2005. (German) 

Directly or on detours? How should robots approximate humans?* 
Dino Bortot, Maximilian Born, and Klaus Bengler 


