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Summary

+ Keep balance against perturbations
+ Combine Lyapunov techniques to 
    the Inverted Pendulum paradigm
+ Joint Tracking and CoP manipulation
    in unified framework

Linear Inverted Pendulum

Assuming that:

This assumption is useful to
consider the relative degree 
two output: 

(Fx,Fy,Mz)

Fext

Center of Mass

From Feedback Linearization:

Transverse Dynamics:

Using Riccati equation:

Define a Lyapunov Function:

Implementing ES-CLF control:

By making the xCoM acceleration 
to follow the evolution when 
P = 0, it is possible to drive to zero 
the center of pressure 

where,
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Figure 1. Inverted Pendulum.
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Larger torso
deviation.

Smaller CoP
variation.

Smaller torso
deviation

Bigger CoP
variation.

Figure 2. Robot model.

Figure 6. Comparision of controllers.

After
distubance ...

Nonlinear control

Pick:
Tracking

Tracking

Tracking + CoM

Figure 4. Perturbation against Joint
Tracking robot. 

Figure 5. Perturbation against Joint
Tracking + CoM Manipulation robot.
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Conclusions

+ By modifying  the CoM location 
according to (1) it is possible to
indirectly control the CoP.
+ A QP based controller can be 
used to select appropriate control
signals to keep balance and 
manipulate CoP position.
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Optimization based controller:




