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Abstract— In shared human-robot workspaces, safety has
to be ensured by monitoring humans and other obstacles in
the robot’s environment and by performing suitable robot
motions to avoid collisions. In this contribution, information
from multiple depth sensors is fused in an octree representing
the current obstacles in consideration of occlusions. Based on
this octree, the previously planned robot path is adapted using
elastic bands in order to prevent collisions with humans.

I. OBSTACLE REPRESENTATION

A prerequisite for planning and adapting collision-free
robot paths in the presence of humans is monitoring the static
and dynamic obstacles in the robot’s environment.

Collision avoidance for (mobile) manipulators requires 3D
workspace monitoring. In order to reduce the unobserved or
occluded space, information from multiple sensors has to
be fused. Additionally, for a conservative robot behavior the
remaining occlusions caused by the robot itself or by the ob-
stacles, have to be considered explicitly. This is particularly
important, when a human steps or grasps between the robot
and the observing sensors.

Obstacles in the robot’s environment can be represented
by octrees. An octree is a hierarchical data structure that
subdivides the 3D space recursively into voxels (nodes) [1].

Based on multiple depth sensors, a joint octree representa-
tion for the obstacles is computed. If the robot is in the field
of view of a sensor, the sensor data is filtered to remove the
measurements that belong to the robot. Using the filtered
sensor data, the nodes that are occupied or occluded by an
obstacle measurement as well as the space that is seen to
be free is computed for each sensor independently. Finally,
the information of all sensors is fused. All occlusions that
are not in the free space of at least one sensor are treated
as obstacles. In order to reduce the computational load, the
computation of occlusions is restricted to the robot’s close
range that can be reached by at least one part of the robot
within a certain time span.

II. PATH ADAPTATION USING ELASTIC BANDS

In shared human-robot workspaces, the robot has to adapt
its motion plan during execution, as humans may step or
grasp into the robot’s path at any time. In order to guarantee
human safety, the motion has always to be ensured to be
collision-free. Furthermore, the robot’s behavior should be
intuitively predictable for humans so that they are not scared
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by an unexpected change of its motion direction. Therefore,
the robot should follow a smooth path, and it should adapt
the path smoothly to changes in the environment.

A method which can potentially fulfill these requirements
is the elastic band framework [2]. It has mostly been applied
to mobile robots in a 2D environment, whereas a mobile
manipulator in a 3D workspace is considered in this contri-
bution. The method has to be initialized with a valid path,
computed, e. g., by the RRT planner from ROS MoveIt! [3].

The elastic band representation of a path consists of a
sequence of so-called bubbles which are robot configurations
annotated with a quantification of the free space at these
configurations, i. e., the distance to the nearest obstacle.
Adjacent bubbles always overlap, so that not only the se-
quence of configurations, but the whole connecting path is
ensured to be collision-free. In narrow workspace regions,
the bubbles are smaller and thus a greater number of them
is required to cover the path. Virtual forces are computed
which push the elastic band towards a smooth curve and
repulse it from obstacles. Thereby the elastic band adapts
to moving obstacles represented in the octree, resulting in
smooth evasive motions which are intuitively understandable
to humans. The figure below shows an example in which the
mobile manipulator avoids a human crossing its path.
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