Non-minimum phase problem of ZMP stabilization
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SUMMARY

z
In this abstract, the non-minimum phase problenthef .
cart table model is demonstrated and a new model i I

proposed that does not have this characteristic camd

potentially overcome the problem of undesired usideot

and limited bandwidth. The new pendulum-cart-table

model utilizes the torso motion to achieve a desire

bandwidth for the ZMP feedback stabilizer thatsedi for

dynamic balance of position controlled humanoid o

robots.[1] y y?

Figure 2: Pendulum cart table model.

INTRODUCTION

Zero Moment Point (ZMP) is one of most widely used =M ( _p )—M N
dynamic stability criterion for fully actuated bige and 2P 9= Yz
especially humanoid robots. ZMP can be used torgéme (mg_mzz)(yz _Py)_rnyz(zc +2,)=0
stable walking trajectories but these trajectodas not And from figure 2 we can write:
realize stable walking in practice due to imperfgiund z, =1cos@),y, = y+Isin(@)
conditions, modelling errors and unknown disturlBnc  \ynere, | is length of the pendulum. After simplification
Therefore a real time feedback stabilizer mu§t$mjuo we get the following relationship:

adapt the trajectories based on the sensor infamathe P =y+ad-a,y-ad

cart table model [2] is a convenient method to posdthe Y

eq.(1)

walking trajectories, but it shows inherent limibais for a =M o Mz imzAl) o mz ) eq.(2)
(M +m) (M +m)g M +mg €9
1.5
I The transfer function of this system can be obthi
3 o _[1+as® a-as’
: G(s) —{ < e eq.(3)
2 e teoackpoel | Since the transfer function of eq.(3) does not hamg
e s (eedhackpoled) |1 transmission zeros, one can use the new model di av
‘ ‘ , ‘ ‘ the undershoot which is associated with the nonfmim
¢ os U meen 28 : phase property of the old model.
Figure 1. Step response of the closed loop cart table
system with poles at polel=[-2,-4,-6], pole2={64, RESULTSAND DIsCcUSSION
10]. Note the amount of undershoot associated with 14 concjude, the limitations of cart table modet the
pole2 which has a higher bandwidth. purpose of ZMP feedback stabilization is shown and

feedback stabilization due to its non-minimum phase new model is proposed. Feedback stabilization baset
characteristics. This is illustrated as a steparsp of this real-time and therefore it has to have a high badittiwo
model in figure 1. As it is shown in figure 1, theis a react to disturbances measured by the robot’ssensors.
trade off between the amount of bandwidth requied This is an important part of control software atetiure
disturbance rejection and the amount of underskiwait that adds robustness to the system. From trajectory

must stay with in the stability margins. generation point of view both models can use tleipw
control method [2], while the new model can alsoduce
METHODS trajectory of the torso which can be used to mdwe t

The non-minimum phase characteristic is an inherent UPPer body when the robot is climbing hills.

property of the cart table model. In order to addrthis
problem, the pendulum cart table model is propaseatid REFERENCES
more degrees of freedom to the ZMP feedback 1.Kajita, S., Espiau, B., Springer Handbook of Rotmti

stabilization problem by having two control inputsat Chap. 16. Sec.4, Legged Robots. 2008.

can affect the hip (cart) and torso (pendulum) 2.Kajita, S., Kanehiro, F., Kaneko, K., Fujiwara, K.,
accelerations independently. The model is showfigimre Harada, K., Yokoi, K., Hirukawa, HBiped walking
2. The computed ZMP for this model is given by 2).( pattern generation by using preview control of zero

moment point, ICRA, vol.2, pp.1620-1626, 2003.



