The Utah/MIT Hand at Carnegie Mellon University

Richard Voyles, Karun Shimoga, Sing Bing Kang, Pradeep Khosla,

Katsushi Ikeuchi, and Takeo Kanade

1 Hardware/Software

We received our hand early in the summer of 1993 and began connecting it to our VME-based real-time environment. For various cost, flexibility, and space reasons, we built our own D/A cards through Trident Robotics, a CMU spin-off company. These cards provide up to 64 channels per VME slot. For A/D’s, we chose a 64-channel, 16-bit, self-scanning card from VME Microsystems (VMIC). For CPU’s we use a variety of 680x0 boards from Ironics as well as Mercury and SkyBolt numeric coprocessors for intense computations. All these boards are easily integrated via the Chimera real-time operating system, which is also a CMU project supported by KKT, another spin-off company. Chimera is a multiprocessor OS with a unique software library that eases the development of reconfigurable systems. On top of Chimera lies Onika, an icon-based graphical programming environment for real-time systems. Onika provides a high-level interface to the underlying Chimera modules as well as integration of workstation-based tools for simulation, etc. The hand is supported by a PUMA 560 while the actuator pack is fixed to a bench.

2 Research

Most of our work to-date has been in setting up the environment, but preliminary work has begun in three general areas: multi-agent control and learning systems; medical robotics and teleoperation; and learning by observation.

2.1 Multi-Agent Systems

We began looking at multi-agent control as a method to ease programming of the hand. We are developing various sensorimotor primitives and an extensible multi-agent framework for integration into the Onika graphical programming environment. The goal is to produce a framework that includes learning paradigms and is general enough to apply not only to the hand, but also to arms and mobile robots as well.

2.2 Teleoperation

Our efforts so far in teleoperation have focused on tactile sensing and feedback in combination with a data glove.

2.3 Learning by Observation

The Learning by Observation system provides grasp and subtask recognition through analysis of range images of a human demonstrating the execution of a task. Grasp stability analysis is performed to optimize the grasp type for the kinematics of a variety of mechanical hands (i.e. Utah/MIT, Stanford/JPL, etc.)

3 Future Hardware Toys

We have an American Robot with much greater payload capacity that we may attach the hand to later. We also have a small stewart platform we are considering mounting the actuator pack on to increase the effective workspace of the hand/robot system. Finally, we are evaluating area and intrinsic tactile feedback technologies including force sensitive resistors and electrorheological fluids.