
  

WALKING: FROM MODELING TO CONTROL STRATEGIES
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Locomotion in Humanoid Robotics is a multidisciplinar field which proposes an interesting challenge in Locomotion in Humanoid Robotics is a multidisciplinar field which proposes an interesting challenge in 
each space that it touches. In literature a huge number of different combinations can be observed each space that it touches. In literature a huge number of different combinations can be observed 
considering: modelling, actuation, collisions management and control strategies. A set of flexible tools considering: modelling, actuation, collisions management and control strategies. A set of flexible tools 
to implement the necessary scenario for locomotion is then needed.to implement the necessary scenario for locomotion is then needed.

With this purpose, a library for a generic contact model is implemented considering a classical With this purpose, a library for a generic contact model is implemented considering a classical 
structure composed by springs and dampers. Then, a library to calculate the dynamic and other useful structure composed by springs and dampers. Then, a library to calculate the dynamic and other useful 
quantities for a robot with tree structure is presented. In the final part three strategies to control the quantities for a robot with tree structure is presented. In the final part three strategies to control the 
quantities commonly used in locomotion are implemented, and their application and results are shown.quantities commonly used in locomotion are implemented, and their application and results are shown.

(a) (b)

The external forces due to the contact with objects 
or with a set of terrains can not be easy to be 
managed. A classical representation of the contact 
model, can be observed in Figure 1.
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WALKING

In the literature it is possible to observe a large 
set of different humanoid or bipedal structures. 
Moreover, the control strategies for locomotion 
usually use phisical quantities depending from 
structural characteristics or whole dynamic.

It is consequent the need of a library to easily 
calculate or change the dynamic or phisical 
quantities of a generic humanoid. 

Considering a set of task ordered by priority, a control has to be 
generated for each task without influencing the execution of the one 
at major priority. This control uses the “dynamically consistent null 
space projector” of the precedent task to assicurate the ortogonality 
of the successive controls. In Figure 5 an application for a 
humanoid structure with a tree task stack is presented.

This strategy uses both the control laws exposed in the title. The first approach guarantees the 
orthogonality of the controls for a stak of tasks, while the second generate a component in function of the 
gradient of a penalty function. The purpose of this application is to test a minimal set of tasks necessary 
to guarantee the equilibrium of the system, and to implement the walking as consequence of the 
gradient. In Figure 6, the results of an application of this technique are presented. 

The system is considered as a 
composition of rigid bodies connected 
by joints, in a tree structure as 
presented in Figure 4. The physical 
quantities and others terms are 
recursively calculated for any structure 
with a low computational cost.
 
This library, supported by the contact 
library too, allows to prepare the 
scenario in which study the locomotion 
and the effects of the control strategies. 

Figure 3 :  The path (a) shows a set of bricks placed on the 
ground while the path (b) are up and down stairs. The purpose of 
this implementation is to reproduce in simulation the whole 
scenario to test all the control strategies.

Figure 4 : A generic humanoid is presented as a tree structure in which each node 
contains all the structural information as mass, inertia, position of the CoM. A set of 
generic transformation are automatically implemented to allow the recursive 
calculation, considering the effect of the parents to each node.
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Figure 2 : Example of a generic terrain. The green vectors are
the Normal forces while the red ones are the tangential forces.
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Figure 5 : The humanoid structure can not reach the desired position 
of the hands due to the priority of the first task on the CoM position.
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Inverse Kinematics with Prioritization  &  Weighted Inverse Kinematics

The purporse of the partial feedback linearization, under a condition called 
"Strong Inertial Coupling", is to linearize the dynamic corresponding to the passive 
degrees of freedom of a sytem and to impose a desired motion. In this case the 
system is a humanoid structure which passive degrees are related to the position 
and orientation of the pelvis in the sagittal plane. Then, for this point of interest a 
sinusoidal trajectory is tracked . In Figure 7 the results of the control are 
presented.

Figure 6 : In figure the result of the control for a 14 dof biped is presented. This 
application uses a two task stak on the position of a foot and a quadratic penalty 
function based on the distance between the CoM and the boundaries of the Convex 
Hull (green stars in figure). On the right is possible to observer the function.Figure 5 : The humanoid structure can not reach the desired position 

of the hands due to the priority of the first task on the CoM position.

Partial Feedback Linearization

Figure 7 On the left it is possible to observe the movement of the humanoid system 
while on the right the evolution of the desired and real position of the pelvis is presented. 

Figure 1 : The normal force is provided by the activation of a 
system which consists of a spring and a damper. The tangential 
force is produced by a damper which models a viscous friction. 
This choise is considered a good simplification in terms of 
realism and computational costs.

Based on this model a library for a generic terrain is 
then implemented. The reaction forces are 
calculated considering the height and the slope of 
the surface of the terrain to model, in function of the 
horizontal displacement, hence obtaining the profile 
of the terrain. An example of the structure is 
presented in Figure 2 , 3

Work Plan 

-  Implementation of force and impedance control on robot's 
feet to enlarge the stability neighbourhood for unknown 
terrains. Studying the possible applications of the variable 
stiffness actuators VSA-Cube Bot for the controls exposed 
above.

-  Studying of a balance control based on the Zero Moment 
Criteria considering the whole body dynamic and the possibility 
to change the actuators' stiffness during the movements.

-  Implementation of a new control strategy based on muscles 
reflexes with the purpose to reproduce human walking and 
reaction strategies to disturbances.

-  Testing of the combination of whole body controls on the 
Cube Bot robot.

OUTLINE


	Slide 1

