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Robotics research is quickly moving its focus from ‘robots
that can work in place of humans’ to ‘robots that can
collaborate with humans’. This trend has been supported by
emergent needs both in service and industrial robotics, and
by the recent progresses in robotic hardware and software
technology that allow a safer physical Human-Robot Inter-
action (pHRI). Safe pHRI can be conceived as nested layers
of consistent behaviors that the robot must guarantee and
accomplish: 

{
{Safety}

Coexistence

}
Collaboration


Safety is the inherent and most important feature of a robot
that has to work close to human beings. The classical so-
lutions for preserving safety in industrial environments, i.e.,
using cages or stopping the robot in the presence of humans,
are clearly inappropriate for pHRI. The latest industrial
safety standards and the technical specification ISO/TS15066
in preparation limit the total instantaneous power of a robotic
system in operation and determine a maximum speed of
moving robots in human environments. However, they may
still fall short in some desired professional or personal
service applications and research in this area may contribute
in better understanding safety in human-robot coexistence.

To minimize the risk of injury due to collisions we propose
the follow integrated top-down hierarchy:

Collision avoidance
⇓

Physical collision detection and reaction
⇓

Lightweight and compliant robots
⇓

Variable Stiffness Actuation

The safest possible solution is namely to avoid any undesired
contact (collision) with humans or environment obstacles [1].
Unfortunately, collision avoidance may fail due to the limits
of sensors and robot motion capabilities, e.g., if the human
moves faster than the robot can sense or counteract. In
this event, it is still possible to detect a physical collision
and react to it [2], so as to immediately remove the robot
from the collision area. Under such conditions, robots using
Variable Stiffness Actuation, when properly controlled [3],
and lightweight robots with compliant joints can be used to
reduce the collision forces at the impact.
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Coexistence is the robot capability of sharing the
workspace with other entities, most relevant with humans in
which case human safety requirements must be consistently
guaranteed (i.e., safe coexistence).

Collaboration is the robot feature of performing a complex
task with direct human interaction and coordination in two
different, not mutually exclusive modalities. In physical
collaboration, there is an explicit and intentional contact with
exchange of forces between human and robot. By measuring
or estimating these forces, the robot can predict human
motion intentions and react accordingly. In contactless col-
laboration, there is no physical interaction: coordinated ac-
tions are guided or follow from an exchange of information,
which can be achieved via direct communication, like with
gestures and/or voice commands, or indirect communication,
by recognizing intentions or attention, e.g., through eye gaze.
We refer to safe physical collaboration when this activity is
consistent with safe coexistence, i.e., when safety and coex-
istence features are guaranteed during physical collaboration
phases. For example, if the human is collaborating with the
robot using his/her right hand, contact between the robot and
the human head is undesired, and therefore such accidental
collisions must be avoided.

We will present our safe pHR Collaboration framework
which include collision avoidance, collision detection and
reaction, physical and contactless collaboration. Together
with the results presented in [4] we will present our ongoing
work and the latest results. Experiments with a KUKA KR5
and a KUKA LWR IV will be shown.

Fig. 1. One of the safe pHR Collaboration experiment performed using
our framework

REFERENCES
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