
Visual-Lifting Stabilization

Dynamic Reconfiguration Capability of Bipedal Walking
Based on Visual-Lifting Stabilization

∗Y. Kobayashi, M. Minami, A. Yanou and T. Maeba (Okayama University)

Abstract– In this paper, we propose a new index of dynamic manipulability for humanoid robot to
estimate dynamic ability to change configuration by using remaining redundancy, while prior task is being
controlled, e.g., face and eyes being directed to some object. Several indexes have been proposed so far to
measure statical and dynamical capability of robot manipulator. For example, Dynamic Manipulability (DM)
ellipsoid describes a distribution of hand acceleration produced by normalized joint torque. On the other
hand, Reconfiguration Manipulability (RM) ellipsoid denotes a distribution of each link velocity produced
by joint angular velocity. This paper shows new index of Dynamic Reconfiguration Manipulability (DRM)
combined DM and RM, and we have adopted the DRM to a humanoid robot, exhibiting how the DRM
indicates directly the configuration-changeability of walking humanoid robot.
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J i(q) ∈ Rm×n 0
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r̈i = J i(q)q̈ + ari(q, q̇) (3)

ari(q, q̇) = J̇ i(q)q̇ (4)

ari(q, q̇) q ri 2

ari

ari = J iJ
+
i ari + (I − J iJ

+
i )ari

= J iM
−1MJ+

i ari + (In − J iJ
+
i )ari (5)

(5) J+
i J i

In n×n .

τ̃
�
= τ − h(q, q̇) − g(q) − Dq̇ + MJ+

i ari (6)

¨̃ri
�
= r̈i − (In − J iJ

+
i )ari (7)

Fig. 2: Dynamic manipulability and dynamic recon-
figuration manipulability
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Fig. 3: Obstacle avoidance of intermediate links
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Fig. 6: 2nd-link DRMM and RMM distribution
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Table 1: Physical parameters

Link li mi di

Head 0.24 4.5 0.5

Upper body 0.41 21.5 10.0

Middle body 0.1 2.0 10.0

Lower body 0.1 2.0 10.0

Upper arm 0.31 2.3 0.03

Lower arm 0.24 1.4 1.0

Hand 0.18 0.4 2.0

Waist 0.27 2.0 10.0

Upper leg 0.38 7.3 10.0

Lower leg 0.40 3.4 10.0

Foot 0.07 1.1 10.0

Total 1.7 63.8

100 ai Fig.
2(b)

a1 = an−1 = 1[m−1], a2,3,··· ,(n−2) = 1[m−2] (26)
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Table 2: Possible states for humanoid’s walking

State State variables Constraint

(I) q = [q2, q3, · · · , q18]T Nothing

(II) q = [q1, q2, · · · , q18]T Nothing

(III) q = [q2, q3, · · · , q18]T , fnz C1 = 0

(III′) q = [q2, q3, · · · , q18]T , fnz , fny C1, C3 = 0

(IV) q = [q1, q2, · · · , q18]T , fnz C1 = 0

(IV′) q = [q1, q2, · · · , q18]T , fnz , fny C1, C3 = 0

(V) q = [q2, q3, · · · , q18]T , fnz , τn C1, C2 = 0

(V′) q = [q2, q3, · · · , q18]T , fnz , τn, fny C1, C2, C3 = 0

(VI) q = [q1, q2, · · · , q18]T , fnz , τn C1, C2 = 0

(VI′) q = [q1, q2, · · · , q18]T , fnz , τn, fny C1, C2, C3 = 0

(VII) q = [q2, q3, · · · , q18]T , fnz , fny C1, C3 = 0

(i) fnz (
) ft ( )

(ii) ft fnz ft = Kfnz (K
: 0 < K ≤ 1). (27) t 2
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∂
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