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Abstract. This paper presents a novel autonomous air-hockey playing
collaborative robot (cobot) that provides human-like gameplay against
human opponents. Vision-based Bayesian tracking of the puck and striker
are used in an Analytic Hierarchy Process (AHP)-based probabilistic
tactical layer for high-speed perception. The tactical layer provides com-
mands for an active control layer that controls the Cartesian position
and yaw angle of a custom end effector. The active layer uses optimal
control of the cobot’s posture inside the task nullspace. The kinematic
redundancy is resolved using a weighted Moore-Penrose pseudo-inversion
technique. Experiments with human players show high-speed human-like
gameplay with potential applications in the growing field of entertain-
ment robotics.
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1 Introduction

Robots are expanding from strictly industrial applications to closer interactions
with humans. Two major applications of such close encounters are in home-care
robotics [5] and entertainment robotics [10], which naturally raises the ques-
tion of how to make user interaction with robots both enjoyable and safe. In
this paper, we focus on air hockey which is a challenging example of an arcade
game where humans can physically play against robots. An air-hockey table is a
constrained 2D environment which is ideal for testing high-speed robot motion
planning. However, strategies to master the game involve trajectory prediction,
high puck speed, and uncertainty management. Therefore, air hockey presents
an easy-to-learn yet hard-to-master task for robots to perform effectively against
a skilled opponent.

In this work, we program a Panda collaborative robot (cobot) arm, here-
inafter referred to as the Panda arm, to play air hockey, as shown in Fig. 1. This
cobot is relatively new to robotics research, only released in 2017 by Franka
Emika GmbH [6]. Recent works have implemented robotic entertainment appli-
cations using different approaches and other robotic arms. In [10], a dual system
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