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The manipulation of an object made by a robot can be generally classified into two
main types: grasping manipulation and nonprehensile manipulation. The former makes
use of fingers to grasp or pick the object with dexterity and precision; while the
latter uses a plate or a probe and manipulates the object without grasping it. The
nonprehensile manipulation scheme was discussed in this work, which aimed to develop
a manipulation strategy to rotate a deformable object effectively on a plate. A novel
idea in this work was to aggressively utilize the object’s dynamic deformation
generated by high—-speed vibrations of a simple flat plate. Such deformation of the
object can drastically contribute to produce a fast and stable rotation. At first

for theoretical and simulation analysis, a viscoelastic multi-nodal model was
introduced to represent the dynamic behavior of a deformable object. Through
simulation analysis, it was discovered that the object’ s rotational behavior changes
with respect to the plate’s motion frequency in a way that is similar to a biped
transitioning from a sliding to a walking and to a running gait. Also, the optimal
plate motion and the optimal friction coefficient leading to the object’s maximal
angular velocity were obtained. The first one depends on the angular acceleration
of the plate, while the second one depends on the type of gait-like behavior of the
object. Next, it was explored how to estimate the physical parameters of a deformable
object by a nonprehensile approach. In the proposed manipulation scheme, the
object’ s high frequency in bending vibration is converted to a low frequency rotating
motion as a result of the friction effect together with the object’s gait-like
behavior. This suggested that the information of two physical parameters of the
object: the natural bending frequency and the friction between the object and the

plate were included in the object’s rotational velocity. Based on this idea, the

transition of the object’s rotational velocity was characterized by a Lorentzian
distribution function. Then the correlations of the Lorentz function parameters with
the object’s physical parameters were revealed. Using these correlations, an
estimation method of these parameters by only observing the object’s rotation
velocity was proposed. Simulation and experimental results were shown to verify the

validity of the proposed method.
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