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There has been great progress in soft robot design, manufacture, and control in recent years, and soft
robots are a tool of choice for safe and robust handling of objects in conditions of uncertainty. Still,
dexterous in-hand manipulation using soft robots remains a challenge. This paper introduces foam
robot hands actuated by tendons sewn through a fabric glove. The flexibility of tendon actuation allows
for high competence in utilizing deformation for robust in-hand manipulation. We discuss manufac-
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turing, control, and design optimization for foam robots and demonstrate robust grasping and in-hand
manipulation on a variety of different physical hand prototypes.

Keywords: Grasping and Manipulation, Novel mechanism design, Physical interaction, Soft robots,
Tendon-driven mechanism design, Robot hands.

1. Introduction

In industrial applications, robotic systems have long been successfully applied for tasks
such as loading of machines or spot welding. Reasons for this are that such tasks are highly
repeatable and are usually executed within separate workspaces for humans and machines
to avoid injuries. In contrast, future robotic systems will need to operate safely, robustly
and adaptively in complex unstructured environments.

An emerging class of robots designed to address this problem are soft robots which
are made from intrinsically soft materials. Apart from being safe, the softness and com-
pliance achieved by these robots can be exploited to reduce the complexity of interactions
with the environment. For example, the compliance of soft robots allows them to adapt to
geometric variations without the need of complex low-level control. Such an exploitation
of compliance can be observed in many biological organisms and is therefore a promising
characteristic. Soft robots have shown great ability to conform to object surfaces, produce
solid grasps, and handle fragile objects gently. However, achieving human level dexterity,
including dexterous in-hand manipulation, remains a challenge.

In this paper, we introduce fully soft foam robots actuated by tendons routed through
a fabric glove. Because these hands are constructed only of foam, they are lightweight
and compliant. Tendons can be routed anywhere along the surface of the hand, allow-
ing for complex families of deformations and facilitating dexterous in-hand manipulation.
We demonstrate the capability of foam hands by showing power and precision grasps and
in-hand dexterous manipulations on several different robot hand geometries (Figure 1, bot-
tom). Contributions of this paper include:

• Fabrication methodology for foam robots, tendon actuated soft robots, using sim-
ple molding and casting techniques and driven by servo actuated tendons,

• Fine-tuning and validation of a soft robot simulation framework,
• Evaluation and comparison of different control strategies for solving the inverse

kinematics problem of foam robots,
• Optimization and automatic design of non-trivial tendon routings to achieve de-

sired tasks,
• User study results demonstrating human ability to route tendons to achieve desired

tasks and comparison to results from the optimization algorithm,
• Experiments and demonstrations that serve to illustrate the capabilities of these

robots, such as complex manipulations, sub-millimeter repeatability, and continu-
ing functionality over 1-year later,

• Discussion of design challenges and methodology insights that shed light on the
capabilities, drawbacks, and potential of this class of robot.
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