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Abstract— We present a class of tendon-actuated soft robots,
which promise to be low-cost and accessible to non-experts.
The fabrication techniques we introduce are largely based on
traditional techniques for fabricating plush toys, and so we
term the robots created using our approach “plush robots.”
A plush robot moves by driving internal winches that pull
in (or let out) tendons routed through its skin. We provide
a forward simulation model for predicting a plush robot’s
deformation behavior given some contractions of its internal
winches. We also leverage this forward model for use in an
interactive control scheme, in which the user provides a target
pose for the robot, and optimal contractions of the robot’s
winches are automatically computed in real-time. We fabricate
two examples to demonstrate the use of our system, and also
discuss the design challenges inherent to plush robots.

I. INTRODUCTION

Soft robotics has been shown to have great potential for
producing robots which are versatile to variable tasks [1]
and are inherently safe [2], both very important properties
for creating robots that physically interact with humans [3].

Typical approaches to soft robotics are often inaccessi-
ble to the general public, due to their reliance on exotic
fabrication techniques like silicone casting and expensive or
expensive actuation methods like pneumatics [4] and shape
memory alloys [5]. A benefit of using fabrics is that they
promise to increase the accessibility of soft robotics. Our
work relies only on standard machine sewing, DC motors,
and a kit of low-tolerance 3D-printable plastic parts, and so
seeks to democratize the process of soft robotic creation.

Textiles have been investigated as a material to make
robots more suitable for human robot interaction scenarios
including pediatric medicine [6] or eldery care [7]. However,
the robots in this prior work typically consist of a tradi-
tional rigid robot covered by a fabric skin, and so do not
benefit from the aforementioned advantages of soft robots.
We propose a fabrication and actuation methodology which
produces robots with a fabric skin and a largely soft interior
throughout. For the robots in this paper, we iteratively
designed fabric cutting patterns and actuator layouts, and did
not make use of computational tools. However, we note that
research has been done to address the problem of assisting
users with the design of cutting patterns for static plush toys
[8] and actuator layouts for animated plushies [9].

Our fabrication methodology promises to be low-cost and
accessible to non-experts. We were inspired by existing
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internal winches [10]. This work employs winches that are
affixed to an internal rigid box, and each appear to handle
a single tendon. Our mechanical design is different because
our winches float within the body of the plush robot, and
can each handle a large number of tendons. Because of this,
the plush robots we fabricate can be squished throughout
their bodies, and use far fewer actuators than if they had
been designed with the previous approach. Furthermore, we
propose a general approach to fabrication, modeling, and
control, rather than a one-off prototype.

Our control methodology is a general approach to con-
trolling tendon-driven soft robots, but is particularly well-
suited to plush robots as it is based on an intuitive posing
interface and prioritizes computational efficiency over high-
precision modeling. We were inspired by previous work that
uses finite element modeling to solve the inverse problem
of matching tendon contractions to a target configuration of
a soft robot [11]. We propose a very different treatment of
cable-driven control of soft robots which explicitly computes
the relationship between changes in cable contraction and the
resulting changes in deformed shape of the overall robot.
Furthermore, we investigate new fabrication techniques that
leverage well-developed practices from the textile and plush
toy industries.

We make the following contributions:

o Fabrication methodology for plush robots, tendon-
actuated soft robots, fabricated using textiles and driven
by internal winches.

e A forward model for mapping winch contractions to
deformations of the robot’s body.

o A control method that inverts the forward model to
determine optimal winch contractions given a target
deformed pose.

o Two fabricated examples of plush robots: a hexapod and
a gripper.

o Discussion of several design challenges inherent to
plush robots.

We present the fabrication methodology in Section II, the
approach to modelling in Section III, and the control method-
ology in Section IV. In Section V we present two specific
fabricated examples, and in Section VI we discuss the design
challenges we encountered.

II. FABRICATION

We present in this section a general set of fabrication
techniques and mechanical devices which can be adapted for
the creation of a wide variety of plush robots. An overview of
the fabrication process is shown in Figure |1} The philosophy
governing our fabrication methodology is that the tactile
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