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Abstract— Our Tensegrity-Inspired Compliant Three degree-
of-freedom (DOF) robotic joint adds omnidirectional compli-
ance to robotic limbs while reducing sprung mass through
base mounted actuation. This enables a robotic limb which is
safer to operate alongside humans and fragile equipment while
still capable of generating quick movements and large forces if
required. Unlike many other soft robotic systems which leverage
continuously soft materials, our joint is simpler to model with
low order dynamic systems and has a host of embedded sensing
which provide ample information of its position and velocity. We
first discuss geometry selection and optimization to maximize
the theoretical configuration space of the joint. We then show
several of our mechatronic design solutions, which are easily
generalized to a multitude of cable-driven mechanisms, and
demonstrate the performance of these mechanisms within the
context of our hardware prototype. We then present results on
the controllable stiffness of our physical prototype. Finally, we
demonstrate the strength of our prototype which is capable of
lifting a 7 kg mass at a distance of 0.95 meters from the joint.

I. INTRODUCTION

Robotics and automation has revolutionized much of the
manufacturing industry today, with robots able to perform
many tasks more efficiently and consistently than a human.
However, much of the technology developed to enable this
cannot function safely or effectively outside of the structured
factory environments and separate from people and other
unpredictable systems. One application where this is critical
is in space robotics; such robots need to operate effectively
alongside fragile equipment and astronauts, and need to offer
guarantees on limited force transfer for safety reasons. These
robots will also need to be capable of applying accurate,
consistent and concentrated forces while still maintaining
some adaptability for uncertainties in the environment.

One approach taken to address these challenges is to
augment traditional rigid robotic systems with a range of
force sensing capabilities and series elastic actuators com-
bined with advanced software to monitor environmental
interactions verse planned trajectories to mitigate undesired
contacts. One example of this in a space robotics application
is Robonaut 2 [1].This can result in robots with many of the
impressive characteristics of factory robots capable of precise
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Fig. 1. A picture of our 3 DOF Joint within a robotic arm assembly. On the
top right is a simplified model of our joint shown in the same orientation,
showing the connectivity of the topology for clarification.

motion while avoiding unsafe contact with the environment.
Such systems are safe when all software and sensors function
correctly and accurately, but inevitably software bugs or
hardware failures can result in dangerous situations for the
robot and any nearby objects or people.

Soft robotics offers interesting solutions to these chal-
lenges through the integration of low-durometer materials.
Examples of such systems include work on a soft pneumatic
arm [2] and a soft tentacle inspired manipulator [3]. There
are still major design challenges that these systems need
to address before they can produce robots with comparable
capabilities to their rigid counterparts. The first of these
is accurate real-time modeling, which is challenging due
to the continuously deformable materials used which often
have time-dependent mechanical properties and require a
high number of finite elements to describe their behavior
accurately. The second challenge is sensor integration as
many off-the-shelf sensing solutions do not integrate easily
into soft systems. A final difficulty of fully soft systems is
when a task requires large concentrated and localized forces
to be applied for completion such as pressing a stiff button,
pulling a rope, or lifting a dense object.

We propose to leverage tensegrity principles to create
robotic systems which have discretized softness with granular
rigidity. Tensegrity is a structural paradigm in which rigid
elements are suspended in a network of tension elements [4].
Such structures pass all loading through pure compression or
tension, producing a mass efficient structure with inherent
compliance [5], [6]. Much work has been done to leverage






