Projection of the CoM relative to the support polygon [START_REF] Nunez | Étude de la commande des mouvements dynamiques d'un robot humanoïde[END_REF] Projection of the ZMP relative to the support polygon [START_REF] Nunez | Étude de la commande des mouvements dynamiques d'un robot humanoïde[END_REF] CoM is the mean location of all masses of the robot links

OG = m i OG i
Static stability criterion ZMP is the point where the vertical reaction force intersects the ground ZMP(t) = f (q(t), q(t), q(t), f e (t))

Dynamic stability criterion 

B-splines

Objective Find a trajectory : T = x(t), t ∈ [0, t f ] under a set of constraint : 

           x(0) = x 0 ẋ(0) = ẋ0 x(t f ) = x f ẋ(t f ) = ẋf x(t i ) = x i

B-splines

Illustration example

Constraints : 3MLIPM [START_REF] Feng | Biped robot walking using three-mass linear inverted pendulum model[END_REF] Reduce the dynamic of the robot to the dynamic of a point mass. The three masses linear inverted pendulum model "3 Mass Linear Inverted Pendulum Model (3MLIPM)" [START_REF] Feng | Biped robot walking using three-mass linear inverted pendulum model[END_REF] 

           x(0) = 4 x(1) = 8 x(2) = 6 ẋ(0) = 0 ẋ(2) = 3 B-splines MATLAB function : csape( [0,1,2], [4,8,6],[1,1],[0,3]) t 0 = 0, t i = 1, t f =

First contribution

First limitation of the 3MLIPM model : The dynamic stability is not guaranteed Proposed improvement : Optimization with respect to ZMP Principle : optimal value of mass m 1 and its position z 1 :

ẑ1 m1 = Arg Min   z 1 m 1   Max α(x zmp -x dzmp ) 2 + β(y zmp -y dzmp ) 2
This optimization aims to find the best fit between the desired and the computed ZMP. 

Second contribution

Second limitation of the 3MLIPM model : Change of walking direction is not allowed Proposed improvement : Modification of the hip trajectory Principle : the hip trajectory is modified as follow :

Ω(t) = - R 2 cos( πt T ) t ∈ [0, T ]
with T : half step period and R : amplitude of rotation. The modification of the hip trajectory allows a change of walking direction. 
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