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In the past fifteen years, the research on humanoid robots
has gained huge attention by the robotics community. Despite
the progress made, there are still significant barriers to over-
come before the control and motion performance of these
machines enables them to operate outside the lab. Stable
balancing during planned or accidental physical interactions,
is one of the fundamental skills in which humanoid robots
currently underperform.

Fig. 1: A picture of the COmpliant huMANoid robot CO-
MAN with its kinematic structure and DOFs.

In the existing literature of balancing control three main
approaches can be identified, namely ankle, ankle-hip and
stepping strategies [1]. These methods can be applied in
an individual or combined manner depending on the nature
of the disturbance, and if the fall is inevitable, safe fall
strategies have also been developed [2]. Although these
methods have demonstrated good balancing performances
they lack a fundamental aspect of the human balancing skills
as far as the use of the upper limbs is concerned. In humans,
much of our balancing proficiency comes from our ability
to use our body and arm motions to establish additional
contacts with the environment and assist the locomotion and
balancing.

Inspired by this observation we are working on novel bal-
ance strategies, which fundamentally differs from previous
methods: we want to exploit contacts with the environment
using the arms to prevent falling rather than only performing
body posture control.

The proposed method combines two control strategies:
one for the upper body and one for the legs. The lower
body runs an Inertial Measurement Unit (IMU) based balance
controller that rejects small external disturbances and main-
tains the upper body upright posture during strong pushes. A
second controller implemented on the upper body executes

the arm motions necessary to establish contacts with the
environment and support the balance of the robot. The latter
is an impedance controller implemented at joints level [3].
Impedance control has been widely applied on humanoid
robots as an effective approach to ensure proper interactions
and contact stability for a diverse range of tasks [4].

We consider the robot standing in front of a wall and we
push it from the back. The triggering of the arm motion is
based on the IMU measurements. Once pushed, an online
posture optimization is performed in order to align the arm
Cartesian stiffness ellipsoid with a desired Cartesian stiffness
ellipsoid. The results of this optimization is a posture and
a set of joints stiffness values. The passive joint elasticity
presented in some of the joints of the compliant humanoid
COMAN in Fig. 1 [5], is considered formulating the joint
stiffness matrix by a series of two springs: a fixed passive and
a variable active element. Such optimization is performed on
a simplified, planar 2R, kinematic chain for the arms.

When the robot is supported by the obstacle, the
impedance levels of the arms are dynamically regulated when
the robot is subject to an external force. Such controller
scale properly the size of the Cartesian stiffness ellipsoid
modifying the stiffness at joints level taking in consideration
the displacement of the end effector due to the external force.

The effectiveness of our strategy is demonstrated exper-
imentally on the compliant humanoid COMAN, which is
able to sustain strong pushes by reaching a wall with its
arms and then compliantly interacting with it (http://
youtu.be/eU1V-8f1ImY and http://youtu.be/
50xuQxD0Ldg).
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