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Abstract— This paper presents a framework for planning and
control for the safe behavior of the robotic manipulators. The
framework exploits the relations between robot, human and the
environment to measure safety via quantity called danger field.
According to the degree of danger, the robot reacts promptly,
improving the human safety. Above the danger field based
control, there is a global path planner that does not only provide
the collision-free paths but strives for safer ones.

I. INTRODUCTION

In the field of human-robot interaction (HRI), the issue of
safety is vital. A large attention is devoted to this matter
in the literature. The first quantitative method in safety
evaluation called the danger index is proposed in [1]. In [2],
methods for safe planning and control are designed upon the
danger index. In [3], an overview is given of the systematic
evaluation of safety in HRI, covering various aspects of the
most significant injury mechanisms.

This paper presents a framework for safe HRI that uses the
concept of danger field (DF) [4] that is primarily designed
for assessing safety, but turned out to be a useful tool for
both safety-oriented planning and control.

II. DANGER FIELD

The cumulative DF is a vector field
−−−→
CDF (r,q, q̇) eval-

uated at an arbitrary point r in the workspace. It depends
on the robot’s configuration q and its velocity q̇. Once the
environment object has been perceived, DF is computed
based on the distance between object and robot, the velocity
of the robot, and the angle between the distance and velocity
vectors. The DF is computable in closed form [4].

III. DF-BASED CONTROL

The principal idea is to map the DF vector into a repulsive
force acting on all the manipulator’s links (see Fig. 1). This
results in evasive motion that decreases the danger itself [4].
For redundant manipulators, a suitable null-space projection
can be performed to ensure task consistency (see Fig. 2).

IV. SAFETY-ORIENTED PATH PLANNING

Several path planners have been proposed to fit the safety-
oriented design. All of them are based on a biased C-space
exploration, guided by a heuristic function that embeds the
DF. As a result, these planners provide substantially safer
paths than the conventional ones [5].
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Fig. 1. DF isosurfaces around the 6 DOF manipulator (left). Mapping the
DF vector into a repulsive force (right).

Fig. 2. The robot follows a given path while avoiding the human.

Fig. 3. A path obtained by RRT algorithm (left) and a path obtained by
safety-oriented RRT algorithm (right).

V. CONCLUSIONS

This paper described in a nutshell a framework for safe
HRI, based on the notion of DF. Though designed to properly
quantify safety in the vicinity of the robot, the DF appeared
to be a meaningful ingredient for safety-oriented reactive
control, as well as safe path planning.
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