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Abstract

In this research, a new concept named Dynamic Reconfiguration Manipulability (DRM) is proposed, which gauges
dynamical shape-changeability by using a redundancy of the robot on the premise that a primary task be given at
hand. The DRM represents simultaneously how much acceleration each intermediate link can be generated and what
direction the acceleration be realizable by normalized torque inputs, helping optimize designing and controlling of robots.
Appropriateness and usefulness of the DRM have been confirmed by applying it to redundant manipulators and by
comparing the DRM with known concept of Avoidance Manipulability.
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L . Task-1: maintaining head-height
Task-1: maintaining head-height as e eat e

(b)

Fig. 1 Walking on uneven ground with (a) no-singular configuration has a redundant ability to accelerate
the waist position during keeping head pose and reading the foot to the uneven ground (b) partially
singular configuration (from waist to head) cannot afford to keep the current head pose, during
reaching the foot to ground. This result can be seen by the DRME yet having the width in z-axis
and the shape is flat.
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Fig. 2 Applications of dynamic reconfiguration manipulability for (a) redundant manipulator and (b) humanoid robot.
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Executing
a primary
hand task
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Fig. 3 (a) Dynamic manipulability ellipsoids (DMEs) represent the realizable accelerdtidos each link without prior task at
hand, and (b) dynamic reconfiguration manipulability ellipsoids (DRMEs) represent the realizable accelérbitiofe
intermediate links with a hand task being executed as a primary acceleration task.
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Fig. 4 Reconfiguration relation of j-th intermediate link during hand executingitﬁﬁlé'r"j means influence of hand task to j-th link
as shown in Eq.(15)JjM*1(JnM*1)+fnd is a induced acceleration of j-th link biyg. If 1fj is required to be generated at
j-th link, Alitj determined by Eq.(16) have to be realized throtigin Eq.(18).
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Fig.5 4-link manipulator Fig. 6 Shape of manipulator
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Fig. 9 lw, (DRMM of 2nd-link) and reconfiguration manipulability measure (RMM) (Minami, et al., 2010) of 2nd-link.
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Fig. 10 (a)\(/e)rtical acceleration derived from DRME and (b)vertical veléc?[y drived from RME.
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Fig. 11 (a)Vertical acceleration gagrived from DRME and (b)vertical velocity drived from RME aggénstth g4 being fixed aty, = 130[deg].

. @ (b)
Fig. 12 (a)DRME and (b)RME for various configuration got by changipgrom 30 to 170[deg].
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Fig. 13 Manipulator's hand and a tip of 2nd link tracking trajectory.
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Fig. 14 Tracking performance of hand acceleration. Fig. 15 Tracking performance of hand velocity and potision.

0.25
1 02
1 015
1 01
1 0.05

1 -005
q -0.1
1 -0.15
4 -02
-0.25

Y-velocity of 2nd link [m/s]
°
Y-position of 2nd link [m]

Y-accel eration of 2nd link [m/s?]

25 L L L L L -05
0 1 2 3 4 5 6 0 1 2 3 4 5 6

Time [sec] Time [sec]
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