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Bipedal Walking in Consideration of Slip and The Evaluation Based on
Dynamic Reconfiguration Ability

*X.Li T.Feng H.Imanishi M.Minami T.Matsuno A.Yanou (Okayama University)

Abstract— Humanoid’s bipedal walking realized by controllers’ based on Zero Moment Point (ZMP) known as reliable
control method deems to be different from human’s walking on the view point that ZMP-based walking does not include
falling state. However, the walking control including falling state is vulnerable to turnover. Therefore, keeping the event-
driven walking dynamical motion stable is important issue for realization of human-like walking. In this thesis, walking
model of humanoid including slipping of supporting foot and contacting foot, bumping, surface-contacting and point-
contacting of foot is discussed, and its dynamical equation is derived by Newton-Euler method. Then, we propose walking
stabilizer named “Visual Lifting Stabilization” strategy to enhance standing robustness and prevent the robot from falling
down. Besides, in order to investigate the flexibility of angular acceleration of each joint of robot, a new concept named
Dynamic Reconfiguration Manipulability (DRM) which indicates dynamical shape-changeability by using redundancy is
proposed as an index to optimize design and posture control of robots. And then, we apply the DRM into humanoid robot
to research its dynamical reconfiguration ability during walking.
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Fig. 1: Applications of dynamic reconfiguration manipu-
lability for humanoid robot walking on uneven ground

Lifting a head
by Visual Feedback

Dynamic Reconfiguration (prior task)

Manipulability Ellipsoids (DRMEs)

DRMEs

IIs-a
=5

(acceleration ellipsoids)

SN

Executing x

a hand task

Walki
(prior task) ne

“. or standing

@

(b)

Fig. 2: Applications of dynamic reconfiguration manipu-
lability for (a) redundant manipulator and (b) humanoid
robot.
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QO : Number of link

[J : Number of joint

Head Table 1: Physical parameters

o Upper body Link l; m; d;

Upper arm Head 024 | 45 0.5
rd Upperbody | 041 | 21.5 | 10.0
Lower arm Middle body | 0.1 2.0 | 10.0
/ Lower body 0.1 2.0 10.0
Middle body Upperarm | 031 | 23 | 0.03
Lower body Lowerarm | 0.24 | 14 1.0
™ Hand Hand 0.18 | 0.4 2.0
\\MM Waist 027 | 2.0 | 100
Upper leg Upper leg 038 | 7.3 10.0
Lower leg Lower leg 0.40 34 10.0
Foot Foot 0.07 1.1 10.0

/ Total 1.7 63.8

Fig. 3: Definition of humanoid’s link, joint and angle number
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Fig. 4: Concept of Visual-lifting Approach
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Fig. 5: Gait’s transition
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Fig. 6: One step of contacting foot (K = 0.7)
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Fig. 7: Average distance of slipping
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Fig. 10: (a) Dynamic manipulability ellipsoids (DMEs) represent the

realizable accelerations i’, for each link without prior task at hand, and
(b) dynamic reconfiguration manipulability ellipsoids (DRMEs) repre-

sent the realizable accelerations A 1#; for intermediate links with a hand
task being executed as a primary acceleration task.
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Fig. 12: Screenshot of humanoid walking on uneven
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Fig. 15: Case: Low lifting-gain
diag[20, 290, 950]), 6h = 0.01[m]
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Fig. 17 Case: Low lifting-gain
diag[20, 290, 950)), 6h = 0.03[m]
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Fig. 18: Case: Low lifting-gain (K, =
diag[20, 290, 950]), 6h = 0.04[m)]
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Fig. 19: Case: Low lifting-gain (K,
diag[20, 290, 950]), 6h = 0.05[m]
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Fig. 20: Case: Low lifting-gain (K, =

diag[20,290, 950]), dh = 0.06[m]
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Fig. 21: Screenshot of humanoid walking on uneven
ground with Low lifting-gain (K, = diag[20, 290, 950)),

§h = 0.01[m]
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Fig. 22: Screenshot of humanoid walking on uneven
ground with Low lifting-gain (K, = diag[20, 290, 950)),
dh = 0.06[m]
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Fig. 23: Case: High lifting-gain (K, =

diag([20, 290, 1100]), 6h = 0.01[m)]
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Fig. 24: Case: High lifting-gain (K, =

diag[20, 290, 1100)), 6k = 0.02[m)]
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Fig. 26: Case: High lifting-gain (K, =

diag([20, 290, 1100)), 6k = 0.04[m]

Fig. 27: Screenshot of humanoid walking on
uneven ground with High lifting-gain (K,
diag[20, 290, 1100]), §h = 0.01[m]
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Fig. 28: Screenshot of humanoid walking on
uneven ground with High lifting-gain (K,
diag[20,290,1100]), 6h = 0.04[m]
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