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Abstract— Recent results in the field of soft manipulation
showed that the direct physical interaction between a robotic
hand and the environment can be exploited to robustly grasp
objects. This is possible when the hand-environment interface
is compliant. This abstract presents two complementary ap-
proaches to environmental constraints exploitation. The first
uses a soft robotic hand interacting with a rigid environment,
the second considers a rigid gripper grasping objects over a
soft environment.

I. INTRODUCTION

The field of soft robotics has greatly changed researchers’
perspective on robotic grasping, introducing new hands and
grippers [1] that allow grasping and manipulation strategies
that were inconceivable with rigid hands. Differently from
classical rigid robotic hands, soft hands can safely interact
with constraints present in the environment [2]. Thus, grasp
planning with soft hands does not rely on exact models and
precise positioning of contact points, but aims at using the
direct physical interaction with the environment to constrain
and grab the object (Fig. 1 - (left)). This is not possible
with rigid grippers (Fig. 1 - (center)). Rigid manipulation,
however, still has important features that are difficult to
obtain with soft robots. While modeling soft hands and
grasps is still an open research challenge [3], the availability
of accurate mathematical models for rigid robots allows to
implement relatively simple control strategies and to obtain
precise and repeatable movements.

The different characteristics of soft and rigid hands make
them suitable for distinct applications. Soft hands are more
used in collaborative and assistive robotics [4], while indus-
trial picking still relies mainly on rigid grippers [5].

In this abstract, we show two complementary control
strategies to exploit environmental constraints in grasping
tasks. The first allows a soft hand to perform the so-called
slide-to-edge grasp, where the object is dragged towards the
table limit through sliding and is then grasped from the
edge [6]. The second lets a rigid gripper perform a surface-
constrained grasp by adding compliance to the surface laying
beneath the gripper and object to be grasped (Fig. 1 -
(right)) [7]. In other terms, in the second case, the softness
is in the environment and not in the end-effector.

II. SLIDE-TO-EDGE GRASPS WITH SOFT ROBOTIC HANDS

In [6], we proposed to exploit the compliance of soft hands
to establish large contact areas with the objects and generate
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Fig. 1: Soft hands, like the RBO Hand 2 [8], can easily
interact with rigid surfaces for grasping objects (left), rigid
grippers, instead, cannot safely exploit the environment (cen-
ter). We propose a soft sensorized surface (right) that allows
rigid grippers to exploit the environment to pick objects up
and provides a grasp planner with information on object pose
and weight distribution.

enough friction forces to slide the object to the edge of the
table. Two different strategies to slide and grasp objects were
presented and tested. Then, through an analysis of results, the
criteria that allow to choose the best strategy for each object
were devised.

Let us consider a flat object placed on a table. The first
strategy, called Continuous Slide and Grasp, consists of
placing the palm of the hand on the object, creating a large
contact patch between the hand and the object and such that
the fingers extend out of the object. The object is then moved
to the edge of the table, reaching a desired position and
orientation where the fingers can close under the object. A
complete sequence performed by the robot is shown in Fig. 2.

The second strategy, called Pivot and Re-Grasp, places a
part of the hand in contact with the object, which allows the
object to pivot with respect to the hand. Then, the object
is moved and rotated towards the edge following a pre-
defined trajectory. The amount of rotation is controlled by
regulating the amount of normal force exerted on the object,
i.e., pressing harder to slow down or stop the rotation of
the object while releasing the pressure to allow for faster
rotation. A snapshot of this strategy performed by the robot
is shown in Fig. 3. Compared to the first strategy, it demands
more modeling effort, more accurate feedback control, and a
combination of two actions: pivoting and then grasping from
the edge.

Both strategies rely on visual and force sensing data. All
details on their implementation are reported in [6].

The two strategies were tested with a collaborative robot
arm equipped with a force/torque sensor at the wrist and a
soft robotic hand. We chose 16 objects and ten trials were



Fig. 2: Strategy 1: Continuous Slide and Grasp

Fig. 3: Strategy 2: Pivot and Re-Grasp

made for each strategy and object. Results suggested that the
two strategies can be seen as complementary, where one fails
the other one succeeds and vice-versa.

III. SURFACE-CONSTRAINED GRASPS OVER A SOFT
PNEUMATIC LAYER: THE SOFTPAD

In [7], we proposed to exploit soft inclusions in the
environment to perform robust grasps with rigid grippers
(Fig. 4). This is achieved by introducing a grasping strategy
that exploits the SoftPad, a matrix of silicone pneumatic
modules connected to pressure sensors that, when placed
beneath an object, can be used to detect object pose, shape
and center of mass based on pressure variations. Given the
estimated center of mass, a planner computes the center and
the direction of grasp that can be used by a robotic gripper
to pick the object up. Thanks to the SoftPad, grasps can be
performed without the need of a camera to locate the object
and without prior knowledge of its mass distribution or its
shape. Additionally, the gripper can safely interact with the
soft surface, coping with uncertainties on the object pose
and achieving more robust grasps thanks to environmental
constraints exploitation strategies. Our approach goes beyond
classical vision-based object detection strategies, as it allows
to estimate not only the pose and shape of the object but also
its center of mass. In addition, there is no need to add force
sensors to the robot, as the sensorized modules can detect
the contact between the gripper and the SoftPad.

To test the proposed grasping strategy we chose 11
different objects to show the potentialities of the grasp
planning algorithm based on the SoftPad pressure readings.
For each object, we performed 5 trials and we obtained an
overall success rate of 94.5%. The SoftPad concept is a first
step towards the instrumentation of the environment with
soft inclusions for exploiting extrinsic, adaptable compliance
during grasping and manipulation tasks performed by rigid
grippers. A similar device could be, for example, integrated
inside a conveyor belt in a factory, or even placed over more
complex surfaces thanks to its intrinsic compliance.

Fig. 4: Surface constrained grasp with a rigid gripper: the
SoftPad (right) allows a safe and robust grasp.

IV. CONCLUSIONS AND FUTURE WORK

The presented grasping strategies exploit soft hand-
environment interaction in a complementary way and can
be used in different applications, depending on the available
sensors and robots, as well as on the objects to be grasped.
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