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I. INTRODUCTION

When humans and robots share the same work space,
safety is the primary issue of concern [1]. Secondary but
not negligible is to prevent robot damages due to colli-
sions with unforeseen obstacles. While potential injuries
of unexpected human-robot impacts can be limited by
lightweight/compliant mechanical designs of manipulators
and collision reaction strategies [2], preventing collisions in
a dynamic and largely unpredictable environment relies on
the extensive use of exteroceptive sensors.

Nowadays, visual sensing is one of the best choices
for integrating sensor-based collision avoidance concepts
in motion control system. Moreover, the development of
new low-cost depth sensors such as the Microsoft Kinect
allows to meet many requirements with a very cheap and
powerful sensor system. The classical way to use depth data
is to project them into a robot-oriented space, reassemble
representations of obstacles in this space, and finally compute
the information needed for collision avoidance. Examples
of this approach are [3], where Cartesian space control is
used, and [4], in which obstacles are represented in the
configuration space. We propose to compute the information
needed for the collision avoidance directly in depth space
(i.e., the image plane of the depth sensor).

II. MAIN IDEA

The core idea of our approach is derived from observations
of human behaviors. When we (human beings) have to avoid
obstacles, at least at the reflex level, we use visual feedback
of rough estimation of relative distances between the obsta-
cles and ourselves. The core of the idea is twofold: (1) visual
feedback, we work directly in the visual space (i.e., depth
space due to human stereo vision); (2) rough estimation,
an exact measure of the relative distance is not needed.
The Cartesian space projection is directly derived, and no
a priori knowledge is used. Beyond this human behavior
imitation, many practical benefits in the field of robotics arise
by using the depth space instead of other spaces: Distances
between obstacles and the robot are computed in a faster way,
occluded points are intrinsically considered, and collision
avoidance for multiple objects is provided.

We use two different approaches for the end-effector and
for other robot points, respectively. For end-effector obsta-
cles, distances are converted in repulsive velocities which are
added to the desired end-effector velocity, while for other
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Fig. 1. Image flows for a motion through three points in the absence of
dynamic obstacles (top) and simultaneous collision avoidance of a human
entering the workspace (bottom)

robot points these distances are used to generate constraints
in Cartesian space. Once the repulsive velocity has been
computed, the manipulator executes it. Since the robot has
to work close to the human, also the consideration of safety
is very important. Discontinues and jerky motions make the
human feel unsafe and uncomfortable, even though collisions
are avoided. To obtain a smooth, jerk-limited, and executable
trajectory, we use the Reflexxes Motion Libraries [5].

III. EXPERIMENTAL SETUP AND EXPERIMENTS

Our experiments have been performed with a KUKA
Light-Weight-Robot IV, and the work space has been mon-
itored by a Microsoft Kinect depth sensor. Figure 1
shows an experiment where the task for the robot is
to move between three desired Cartesian points avoiding
any obstacle. A video of the experiments can be seen at
http://www.youtube.com/watch?v=xeJ9TSmg7AU.

IV. FUTURE WORK

We are currently working on extending this new collision
avoidance concept, such that desired contacts between the
robot and the human (collaboration) are permitted, while
other parts of the human body and external obstacle are
avoided in any case.
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