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Introduction and goals

It appears that humans use an internal model,
that is a representations of the motor apparatus
and the interacting environment in the Nervous
System, [3]. Here we test if this idea can be
applied to control a biped walker, the ESBiRRo 3D
biped walker. A simplified Predictive Model is used
to evaluate the adequacy of the recovery strategy
[1] in order to recover from perturbations [2].
The major drawback of the internal model is the
need to perform a lot of calculations depending
on the model complexity. Here we test how
simple the model can be while predicting the next
double stance (DS). The model consists of a
simple 3-link biomimetic model in the sagittal
plane.

Degrees of Freéyom of
the biped ESBiRRo

The Predictive Model predicts body configuration in the next double stance
(DS) and aims at forecasting if the configuration of the robot is stable or
may lead to a fall.

Methods

A possible solution for the bipedal stability after a perturbation
can be bioinspired: it has been proposed that biological motion is
controlled by means of internal models to plan and predict the
consequences of the actions.

A predictive model is defined as a simple 3-link
model in the sagittal plane (see Fig.1). The
mechanical parameters of the biped are the
inputs for this model along with the current
state of the robot. Dynamical equations were
obtained through the Lagrangian method and
solved with numerical methods.

Results

Results were obtained for different
gait phases - early and late swing.
We defined the different states of
the robot as stable, stabilizable,
and unstable that are dependent
on step length, trunk inclination
angle, speed of the CoM of each
segment, and the dependence ,
between Centre of Mass (CoM),

Centre of Pressure (CoP). o
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Fig. 1 Simple 3 link
model.
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In Fig.2 the next DS is stable ]
because the because it does not o
lead to fall. This means that the Fig2. Prediction of the next DS -
recovery method was correct. stabicglatelening]
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Fig. 3 Prediction of the next DS- stabilizable: a) 3 link model b) angles of
the swing and stance leg
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The stabilizable configuration of the next DS is presented in
Fig.3. The step length is not long enough to maintain the trunk in
upright position but there is still margin to bring the robot to a
stable configuration. In this case there is still a possibility to avoid
to fall without changing the recovery strategy.
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Fig. 4 Prediction of the next DS - unstable: a) 3 link model b),c) angles
of the swing and stance leg, respectively .

In Fig. 3 the next DS is unstable (see Fig.4 b,c). In this case,
the configuration of the robot leads to fall. The trunk starts falling
down. This means that the method was taken incorrectly.

The similarity between the outputs of the simple 3-links
biomimetic model and the 11 links complex model is presented in
Fig.5. The trajectories of the hip and the trunk angle for both,
simple and complex models are very similar.
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Fig5. A simple and complex model of the biped.
Conclusions

The simplified model captures the essential features of the
complex one. This finding supports the plausibility of a simplified
internal model and paves the way to implement computationally
inexpensive models to control the stability of a bipedal robot.

Using proposed Predictive Model it is possible to evaluate if the
recovery strategy was correctly chosen.
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