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Fig. 1: Virtual ZMP on rough terrain.
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Fig. 2: Structure of ZMP disturbance observer.
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(a) Gain diagram. (b) Phase diagram.

Fig. 3: Frequency characteristics of ZMP disturbance

observer.
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Fig. 4: ZMP results in simulation.

5 00O

oooooo zMpOOOOO0OO0OO0O0OO0O0OO0OO0O0OOOOO
O00OFig. 5(x) 0 ZMPOOOODOOOOOODOOOOOOO
Fig. 5(b) 0 ZMPUOOUOOOUOOUOODOOOOO ZMPOOO
O000O0O00OOFig. 5(x)000ZMPOOODOOOOOOZMP
goobooooooobooooooooooobooooooboo
00000000000 0OUO0OOFig. 5(b)000ZMP OO
gobooboooooobooobooooboboOooboOoooo
goooooogzMpOOOoOooooOOOoOoOooODODOO

ooOooooozMpOOOOOOOOOODOOOOODOOO
gobooobooooooooboboodoImmoooooOoOogn

00000000000000000000000Fig. 6(a)0
ZMPOOOOODOOOODOOOODDOFig 6(b) 0 ZMP
00000000000000 ZMPOOOOOO0O00OO
Fig. 6(a) 0 Fig. 6(b) 0009s-12s 000000000000
OOFig. 6(a) J00ZMPOOODOOO0OOZMPOOOODO
0000000000000000000000000000
00000000O000Fig 6(b)000ZMPOOOOOOO
0000000000000000000000000000
0000 ZMPOOOOOOOOOOOOOOOOOO

Zmp response —_ ]
upper bound | -
11 lower bound |

zmp reference =7

08 |

0.6 771}(7774 |

8 10

10 12 14 16
14 16 1[s]

(b) ZMP disturbance ob-
server.

12
t[s]

(a) No compensation.

Fig. 5: ZMP results in experiment.
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Fig. 6: ZMP results on uneven terrain in experiment.
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