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Introduction

Tele-operation technologies are attracting attention as solutions to reduce labor
shortages and work tasks that must be conducted in dangerous areas. In addition to direct
applications such as "remote surgical robot that can benefit from the skills of a great doctor
anywhere in the world"[1], other applications are emerging recently through studies such as
“learning the operator's actions to promote robot autonomy" [2].

Development of operator-to-edge device mapping represents an important issue for
teleoperation technology. Taking robot hand operation as an example, the lengths of
operators’ fingers and the sizes of their palms present individual differences. It is therefore
necessary to select appropriate mapping of the robot hand in response to changes of
operators. Mapping for non-anthropomorphic devices such as a magic hand is not readily
apparent compared to the case using anthropomorphic five-fingered robot hands as edge
devices. The goal of this project is to construct an appropriate mapping method that enables

connection between different structures and multiple types of devices by abstracting the



correspondence between these non-anthropomorphic devices.

Technical Background

Let us take the remote control of a robot hand as an example again. Two typical mapping
methods exist for robot hands: joint-2-joint and point-2-point. The joint-2-joint is the
method of projecting the joint angle of the operator's fingers directly onto each joint angle
of the robot hand. Although this method is good at "grabbing" objects, it is unsuitable for
precise motions because of the difference of fingertip positions between the operator and
the robot hand. The point-2-point mapping method, by contrast, overcomes this difficulty by
mapping the fingertip positions of the operator to those of the robot. Consequently, the
selection of mapping method has a considerably strong effect on the operability and
discomfort of the remote control. An appropriate method must be selected depending on
the task.

As described above, mapping between devices that have identical geometry is easy.
However, proper application of a mapping method between devices with different
geometries is not easy. For example, when a three-fingered hand is used as an edge device,
movements between the operator and the robot hand do not always correspond intuitively.

Santello et al. proposed an interesting and effective approach to resolve these difficulties
[3]. First, the operator's motion is extracted through three physical quantities: the degree of
finger separation (o), the object size (g), and the degree of finger bending (o). Then the
motion is projected onto the subspace spanned by these parameters. After this subspace is
associated with the motion of the robot hand, the operator's motion is transmitted to the
edge device. Using this process, the correspondence between the robot hand and the edge
devices is made intuitive and easy by passing the essence of the motions to the subspace
from which they are extracted. However, Santello et al. [3] specified that these bases were

chosen "on intuition"; some room remains for improvement in the choice of the subspace.

Expectations

The goal of this project is consideration of a method for selecting a subspace that is intuitive
and capable of handling multiple types of edge devices with different structures, referring to
an earlier study [3]. Although an inductive approach based on statistics is also possible, as
shown in [4], we would like to consider a deductive approach based on knowledge of
dynamical systems and nonlinear mapping. Although an earlier report [3] described
mappings between heteromorphic hands, the subject matter of this project is not necessarily
limited to mapping robotic hands. Because we possess several devices, including robot hands,

we intend to conduct experiments with them and to specify the edge devices after selection.



Software Packages and Special Requirements
In addition to an interest in human cognition, movement, and psychology, knowledge in any
of the following areas is desirable.
- dynamical systems
- nonlinear mapping and geometry
Additionally, we plan to use C++ to implement the robot hand teleoperation. Knowledge and

experience in this area are welcome, but are not necessary.
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