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Abstract—This paper presents a novel Human-Robot Interface
integrated control strategy for suppressing oscillations in cable-
suspended robotic systems, specifically the CRANEBot at CERN.
The approach leverages the robot’s arms to actively dampen
oscillations through energy dissipation at each cycle, eliminating
the need for modifications to the suspension platform. Exper-
imental results demonstrate the effectiveness of the proposed
method in reducing settling times and enhancing operational
stability, showcasing its potential for applications in complex and
hazardous environments.

Index Terms—Cable-suspended robots, Sway Damping,
Human-Robot Interface, Robotic Telemanipulation

I. INTRODUCTION

Working in radioactive environments, such as those at
European Organisation for Nuclear Research (CERN), de-
mands robotic telemanipulation to ensure operational safety
and efficiency [1], [2], [3]. Cable-suspended systems, such as
CERN’s CRANEBot [4], [5], shown in Fig. 1, address this
need by enabling versatile operations at varying heights with
minimal environmental disturbance. These systems not only
extend the operational workspace but also mitigate the risks
associated with manipulator-environment interactions [6], [7].
Furthermore, the use of cables significantly reduces the overall
weight compared to rigidly connected configurations, enhanc-
ing safety and improving energy efficiency in constrained
environments. However, cable-suspended systems are prone
to pendulum-like oscillatory behaviour during transport due

to dynamic coupling and external forces [8], [9], [10]. These
oscillations can lead to prolonged settling times, delaying
task execution, and pose potential collision risks with the
surrounding environment [11]. Therefore, developing effec-
tive strategies to mitigate these oscillations without requiring
modifications to the existing infrastructure is essential for the
practical deployment of such systems.

The underactuated nature of these systems, characterised
by passive cable joints, complicates the control and stabili-
sation process. Specifically, for the CRANEBot operating at
CERN, where modifying the crane’s control system is often
impractical or inconvenient, it is crucial to develop oscillation
suppression techniques that rely solely on the actuation of the
robot’s arms. Addressing this challenge is vital for ensuring
the efficient and safe operation of cable-suspended robots in
complex and demanding environments.

The mitigation of oscillations in cable-suspended systems
has been a subject of extensive research. A common approach
involves controlling the motion of the suspension platform,
with various techniques such as input shaping [12], [13] [14],
and closed-loop methods [15], [16] including Model Predictive
Control (MPC) [17], [18], being widely explored. Another
approach involves utilising the additional actuated masses
on the suspended load itself for oscillation suppression, al-
though this often necessitates significant hardware modifi-
cations [19], [20]. Recent research efforts have focused on
exploiting the capabilities of robotic manipulators to suppress




