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Abstract— This work addresses the problem of in-hand ma-
nipulation with a non-dexterous hand. In particular, the focus
is on rotating an object held by a parallel gripper, without the
need of accurate modeling in advance. The proposed solution
exploits the transmission of inertial forces to the object and
relies on controlling the friction at the pivoting point. This
method is tested on a Baxter robot to show its efficacy.

I. INTRODUCTION

The problem of in-hand manipulation is often addressed
via dexterous manipulation. However, when the dexterity of
the end-effector is not sufficient, e.g. when dealing with 1
DOF parallel grippers, the repositioning action can be helped
by external supports such as gravity, friction and inertial
forces, also referred to as extrinsic dexterity [1].

Among the possible in-hand repositioning actions, we
focus on pivoting. It consists in rotating an object between
two fingers to change its angle with respect to the gripper.

To successfully achieve a pivoting action, several works, as
well as ours, exploit the control of the friction at the pivoting
point [2], [3]. This friction, which depends on the normal
force applied by the gripper’s fingers, allows to control
the motion of the object by tightening or losing the grasp.
Modeling the contact with high accuracy is a challenge,
hence the proposed solution relies on simplified friction
modeling and re-estimation of the friction coefficients to
adapt to the behavior of the real system.

II. PIVOTING APPROACH

We propose a method for pivoting an object or a tool held
by a parallel gripper, which takes into account possible errors
in the motion execution of the robot and does not require
tracking the object while it moves at high-speed.

Our method is divided into three different stages:
1) End-effector velocity stage: the robot’s arm moves so

that the end effector reaches a desired velocity, which
will initiate the motion of the tool once the gripper
opens sufficiently.

2) Fingers distance stage: the robot stops the arm and it
opens the fingers at a desired distance, which will be
big enough for allowing the tool to move and small
enough to stop it at the desired orientation.

3) Tool’s motion stage: the object rotates around the
pivoting point until it reaches the desired angle.

In the third stage, apart from its initial angular velocity
and the torsional friction, the tool’s motion is influenced by

Silvia Cruciani and Christian Smith are with the Robotics, Perception
and Learning Lab, CSC at KTH Royal Institute of Technology, Stockholm,
Sweden. {cruciani, ccs}@kth.se

the acceleration of gravity. Since the motion of the object is
planar, the latter depends on the current pose of the gripper,
because only the component that lies on the plane of rotation
of the object is considered.

The desired inputs, namely the velocity and the finger’s
distance, necessary to achieve a desired angle are computed
using Q-learning. The learning process is carried out using
a simple dynamic model of the system, which describes the
tool rotating around a pivoting point whose torsional friction
can be controlled, without including the robot manipulator.

We model the torsional friction using the viscous and
Coulomb friction models. The friction coefficients can be re-
estimated while the tool is being manipulated, using squared
error minimization. This re-estimation allows to take into
account possible errors in the modeling and also errors in
the actuation. In fact, since the model does not take into
account the robot arm, these errors can be translated into
errors in the estimated friction coefficients.

III. RESULTS

First, we tested the execution of the pivoting action on a
Baxter robot by using precomputed friction coefficients to
move the tool to a desired angle. We executed the method
with different poses of the gripper, hence different influence
from the gravity acceleration in the pivoting plane. The
successful outcomes, depending on the gripper’s pose and
the target angle, ranged between 74% and 80%.

Furthermore, we tested the on-line estimation of the fric-
tion coefficients. At first, the process required 8 steps to reach
the desired angle. Then, when repeated with the obtained
friction coefficients, it took one step, and the percentage of
success was similar to the one obtained with the previous
experiments (≈ 80%).
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