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Abstract— The robustness of robotic hands is crucial for hand
manipulation in real-world scenarios, as it ensures resilience
to uncertainties and disturbances. Robotic hands with intrinsic
compliance offer the advantage of optimized contact robustness
and reduced reflected inertia, which significantly improves the
cycle time for delicate objects. This paper presents Smarthand,
a robust, compliant hand with a high force-to-weight ratio
based on the DLR CLASH (three fingers) but with optimized
kinematics for in-hand manipulation. The modular design
allows for different hardware configurations, but also improves
maintenance and calibration. The first tests on a two finger and
three finger testbed showed new manipulation capabilities in
compare to DLR Hand II, with significantly increased robustness
and lower system costs.

I. INTRODUCTION

Humanoids with human hands are a trend that can hardly
be overlooked. The hope behind this development is that
advances in artificial intelligence will make it possible to
easily control complex machines and automate tasks that were
previously impossible. Prominent examples include Tesla’s
Optimus [1], Figure 2 [2], Aptronik’s Apollo [2] and Engine

Ai SE01. These robotic hands were built specifically for
humanoids and are not compatible with cobots. Whether the
hands are well suited for in-hand manipulation or robust
against hard impacts has not yet been determined. The
Shadow robotic gripper DEX-EE [3] is designed for in-hand
manipulation and is also robust against impacts, although its
size, weight and only three fingers severely limit its range
of use. The concept of easily and quickly interchangeable
finger modules as in DEX-EE will be realised in the new
hand. Modular hands such as the Allegro Hand [4] or the
Leap Hand [5] pursue interesting concepts with kinematics
that differ from the human hand, but the structure of the
sequentially arranged actuators limits the achievable forces in
relation to finger weight and volume. Our approach combines
the modular concept with robust variable stiffness actuation
based on N+1 rope actuation of the DLR CLASH [6] (three
fingers) but with new kinematics, resulting in the Smarthand.

Fig. 1: Hand comparsion

II. DESIGN

In table 1 we compare different DLR hands and four
commercial available hands. Smarthand should have the
contact robustness of DLR AWIWI II [7] or DLR CLASH
[6], but also the good in-hand manipulation capabilities of
the DLR-Hand II based on the direct torque sensing with
improved kinematics. Based on the analysis of the current
hands, the requirements for the new robotic hand are as
follows:
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• The hand should be able to grasp objects with a diameter
greater than 130 mm.

• Improved in-hand manipulation workspace.
• The thumb should be 1.5 to 2 times stronger then one

of the other fingers.
• Size and weight like the DLR FIVE Finger Hand

A. Kinematic for improved in-hand manipulation

In order to find the best kinematics for in-hand manipula-
tion and grasping, we set up a pybullet simulation. Different
kinematics for fingers and thumbs were tested to see how
well different objects can be grasped and how large the
range of motion of a sphere in the hand is [8]. The following
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