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Push Recovery by Center of Pressure Manipulation

Summary Nonlinear control

+ Keep balance against perturbations Pick:
+ Combine Lyapunov techniques to .
the Inverted Pendulum paradigm Tracking
+ Joint Tracking and CoP manipulation Y1(qe) = (Gankie, Oknee, ehip) ?3

INn unified framework

| Center of Mass
Linear Inverted Pendulum y2(ge) = vCoM

From Feedback Linearization:

yCoM :yl — L?L*yl —+ LgLfylﬂ’ — U
Transverse Dynamics:
Moty I = (y17 yl)T
|0 I 0
P/ ir('u‘\/ ) I = O O 1] _l_ I YU = FT] _l_ GM
C _ - L -
ﬂ Using Riccati equation: S
(Fx, Fy)

Figure 1. Inverted Pendulum. F'P+ PF - PGG" +1=0

P = (yCOM)(SUCNOM)/g + xCoM  Define a Lyapunov Function:
Assuming that: P = 0 V(n)=n"Pn

rCoM = —g(zCoM)/(yCoM) Implementing ES-CLF control:
This assumption is useful to LeV(n) + La(nu < /Vv(n)

Ohip the center of pressure
Yo = $COM = L?yg -+ LgLfyzﬂ

rCoM = —g(xCoM)/(yCoM)
L??ﬂ + LgLypysu = —g(xColM ) (yColM)

Fext

Hankle Optimization based controller:
min ' Hu+ Nu + pA\? + g\3
(LFV T %V) + LGV(L?fyl + LgLf”L_L) < M\

(FX’Fy’Mz) L?:yg | ngMZECOM F LgLnyT_L = )\

Figure 2. Robot model.

) o where,
De(ge)Ge + Ce(ge, Ge)de + Ge(ge) o
= Bu + JI,F = Bu N =2(Lyy1)" (LgLsy1)
e — (CIZ’, Y, Qanklea ekneea thp) H = (LgLfyl)T(LgLfyl)
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Figure 4. Perturbation against jJoint
Tracking robot.

Tracking + CoM
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Figure 5. Perturbation against jJoint
Tracking + CoM Manipulation robot.

consider the relative degree €
+ By modifying the CoM location

P =0, It is possible to drive.
P =0, itis possible to drive to zero according to (1) it is possible to

Indirectly control the CoP.
+ A QP based controller can be

used to select appropriate control
sighals to keep balance and
~ manipulate CoP position.
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Figure 6. Comparision of controllers.





