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Abstract—In this work we present an important improvement
in our model of biped mechanism that allows the elevation in a
stable form of the system’s feet during the execution of
trajectories. This improvement allows for simpler trajectory
planning and also facilitates the reduction of losses in the collision
between the feet and the ground. On the other hand, we add to the
design phase the study of the displacement of the Zero Moment
Point, as well as the variation of the normal component of the
ground reaction force during the motion of the system.
Consideration of the above mentioned magnitudes in the design
phase allows us to design the necessary support area of the
system. These magnitudes will be used as a smoothness criterion
of the ground contact to facilitate the selection of robot
parameters and trajectories.

I. INTRODUCTION

At the present there exist a high number of commercial
biped robots, generally humanoids, used within the area of
service robotics, mainly in the field of exhibition and
entertainment [1,2]. These robots are also extensively used as
research platforms in the study of motion generation for higher
stability and for approximation to the anthropomorphic
behaviour.

One of the main problems of these robots is their high power
and energy consumption, which limits mainly their autonomy.
It could be attributed to, for example, the high number of
actuated joints (about 20), and also because the study of energy
consumption is not often considered during the planning of
movements. In order to solve this important problem there
exist various solutions not used yet commercially, which are
mainly based on the use of passive joints, thus reducing the
number of actuated joints [3,4,5]. The consumption of these
systems is better optimized, although their control and
planning require more complex schemes for the
accomplishment of certain complex trajectories.

Our present work focuses on the study of a biped mechanism
of a simple design and construction, able to walk using only a
single actuated joint. In addition, our research tries to reduce
the power consumption by means of reducing energy losses in
the foot collisions with the ground.

In this work we present an important modification to our
previous model [6] which allows for the elevation of the feet in
a stable manner. This improvement eases design and planning
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of motions, as well as generation of a smoother ground contact
in order to reduce the power consumption.

Estimation of the vertical component of the ground reaction
force and the Zero Moment Point (ZMP) [7] provides
additional information that could be used in the design phase.
This information allows us to compare the effect of the
proposed modification with the previous model, when showing
a reduction in the reaction force at the collision moment. The
analysis of the ZMP displacement during a stride, allows us to
estimate the necessary support area and the area of the feet
during the design phase of the mechanical structure. In the
future, it will also allow us to plan and control the trajectories
performed by the system.

This paper is organized as follows: In section II we describe
modifications performed on the previous model and the
method for estimating the ground reaction force and the ZMP.
Section III presents comparative results with respect to the
previous model, new results after the system parameters’
adjustment, and also estimation of the necessary support area.
Finally, section IV summarizes the main results and proposes
the future work.

II. THEORETICAL ASPECTS

A.  Mechanism model

The walking mechanism consists of a light body, two legs
and a tail connected to it. Each leg is formed by a parallel link
mechanism and a flat rectangular foot. The tail, with an almost
horizontal displacement, works as a counterbalance and
controls the movement of the biped. The kinematic model of
the system is shown in Fig. 1. The modification with respect to
the previous model is addition of the D.; parameter, that
represents a downwards displacement of the center of masses
of the tail. The hy; parameter stays upwards in the model for
its identification in a real system.

The mechanism has 11 joints. The joint connecting the tail to
the body is actuated by an electric motor and it is the only
actuated degree of freedom. Connecting the body to each leg
are the top joints. Their rotation axis is normal to the frontal
plane, so they allow the mechanism to raise a foot while both
feet remain parallel to the ground. In our previous work, these
joints had off-line adjustable friction, but now with the tail
modification, these are passive joints with negligible friction.






