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Robot systems are concurrent by nature: multiple joints must be controlled simultaneously, and there is often a hierarchy of control strategies.  A typical robot controller contains “loops” for servo control, supervisory (e.g., trajectory) control, and the application.  In many cases, the servo loop is distributed among multiple joint-level microprocessors.
Most existing robot controllers use a distributed architecture.  In the early days of robotics, controllers consisted of a central computer with multiple joint-level control boards on a parallel bus, such as ISA, Q-Bus, Multibus, or VME; this was necessary for performance reasons alone.  With the emergence of high-speed serial networks, such as CAN, Ethernet, USB, and IEEE-1394, it became possible to physically distribute the joint controller boards and associated power amplifiers.  By placing these components inside the robot arm, or at its base, significant reductions in cabling could be achieved.  In particular, the thick cables containing multiple wires for motor power and sensor feedback could be replaced by thin network and power cables.  These types of systems can be characterized as distributed processing and I/O.
We propose a new approach for robot control, where the processing is centralized and the I/O is distributed.  This can be achieved by replacing the microprocessors by field-programmable gate arrays (FPGAs) that provide direct, low-latency, interfaces between the high-speed serial network and the I/O hardware.  This preserves the advantages of reduced cabling, while allowing all software to be implemented on a high-performance computer that contains a familiar software development environment.  Although this may not be critical in some domains, we believe it is important for research because it frees researchers from having to learn the idiosyncrasies of the various embedded microprocessors.  We contend that this approach is feasible due to recent advances in processor performance, especially the move to multi-core architectures, coupled with the extraordinarily high data rates of modern serial networks.  Another key factor is the availability of low-cost real-time operating systems, such as those based on Linux.
This paper will describe a robot controller that uses IEEE-1394 (Firewire) to distribute I/O, but not computation, for robot control.  Figure 1 depicts a version that has been designed to control small DC motors using a linear bridge amplifier, but the concept can be used for any type of I/O or power amplifier.  The hardware is currently being fabricated, but results are expected before August 15, 2008.
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Figure 1: Block diagram of I/O and power amplifier board with IEEE-1394 interface








