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1. Introduction

1t is projected that by 1985 integration levels for
VLS] circuits will approach one million devices
{PaS80). Even more complex systems are anticipated
from the VHSIC {Very High Speed Integrated Circuits)
program [BarBl‘]. Along with these tncreasing levels
of integration go decreasing hardware costs. The
combination of these two developments means that it
is going to be cost-eflective to construct special pur-
pose computers for many of the common functions
that are anticipated in industrial robotics. Indeed,
this is already beginning to happen with the appear-
ance of such products as the SRl vision module
[Nit79).

The ability to realize common robotics functions
as VLS] components allows the designer considerabie
freedom to express the function's algorithm; freedom
that would not exist if the algorithm had te be imple-
mented through several levels of software on a classi-
cal von Neumann architecture. This has several
important consequences that are particularly per-
tinent to industrial robotics. The first of these is reli-
ability: The system can have {ault tolerance designed
into it {rom its inception. rather than added on In
hindsight. The second of these is speed to meel real-
time constraints: The system can be designed to
directly execute time critical sections of the target
algorithm as well as take advantage of the inherent
parallelism in the algorithm. This last feature is par-
ticularly relevant in the case of vision where many of
the low level image processing algorithms have an
extremely high degrees of inherent parallelism.

To point out what can be done in the way of
developing special purpose parallel processors the
next two sections outline two projects at the Unver-
sity of Michigan to develop such processors for robot
arm control and robot vision.

2. VLSI Processor for Robot Arm Control

This work has developed a preliminary
specification for a VLSI implementation of a single
chip parallel processor for dedicated arithmetic-
intensive applications [TuMB:]. Circuit densities
commensurate with levels of integration projected
for the mid-1980s are assumed. The proposed pro-
cessor, termed the Numerical Processor (NP), is suit-
able for real-time control where sophisticated contro!
strategies require very large numbers of high preci-
sion arithmetical operations to be performed for
every input/output transaction. In particular, the NP
is intended for the real-time control of & robot arm

The NP functions as an attached processor of a gen-
eral purpose minicomputer. Conceptually, it les
between Floating Point Systems' APi120B Flo79]. &
high performance numerically oriented attached pre-
cessor, and the Intel BOB7 [PalB0], a single chip
numerically oriented attached processor in the Intel
8087 tamily of components [Int79]. All three work
with floating-point numbers. The NP differs from the
AP120B by being much simpler. less flexible, slower,
and by having a smaller word size {32 bits versus 38
bits). It differs [rom the B0OB6 by having its own on
chip program memory, input/output buffers to facil:-
tate real-time applications, and two independent
pipelined function units. However, the 8087 has a
more flexible number format,and can deal with
several variants of the IEEE floating point standard
up to and including the 80 bit format.

The preliminary study reported in [TuMB:]
assumed the NP will be implemented in nMOS3
because of our present expertise is in this technol-
ogv. However, our eventual aim is to investigate the
design of the NP in a [aster technology that still has
the density of integration associated with n)MO0S. A

rime candidate is the /3L (lsoplanar InlLegratec
Injection Logic) technology developed by Fairchilcd.
however, the n-well CMOS process presently under
development in our fabrication lab is alsc a possibil-
ity.

As mentioned earlier, the design philosophy of
the XP is oriented towards a dedicated arithmetic-
intensive application. in particular, the control of a
robot arm where the arm response is imited by the
complexity of the control computations. The specific
robot arm in mind is the Unimation PUMA 600. It1sa
six link arm having all revolute joints. The overal:
control stralegy for an arm such as the PUMA
involves five basic stages. These stages are as follows

(1) A path planning stage.

{2) Orientation matrix calculation
{8) Trajectory transformation.

{¢) Gross motion control.

{5) Fine Notion {Accommodation).

Stage ¢ involves computing the actualor torques
T {a six veclor) required to achieve the joints’ angu-
lar velocities ¥ and accelerations ¥ (both six vec-
tors). This is done using an iterative set of equations
'LWPB0], 'TVL80]. Because this stage represents a
potential computational bottieneck. we have simu-
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lated the Numerical Processor using these equations
as a benchmark. For more on the equations see
{TML80]). The results of the simulation are presented
in {TuMBi]. Assumptions about gates delays were
based on SPICE simulations using parameters meas-
ured in our nMOS process. Based on these {conserva-
tive) figures we obtained processing rates of about
2.7 MFlops for the NP. This translates into being able
to compute the values of T every 500 us (the values
of T need to be recomputed at every point along the
trajectory. hence the need for speed). The encourag-
ing performance figures of the simulation indicate
that the NP would be a valuable component for the
designer of real-time systems who is faced with com-
pute bound bottlenecks.

3. VLSI Processor for Robot Vision

Robot vision Is an area in which a considerable
amount of research has been accomplished. In addi-
tion, there has been much interest in special purpose
highly paraliel array computers for vision computa-
tions 'ReeB:). This coincides with one of our major
interests which is to investigate the possibility of
applying VLSI technology, in the form of special pur-
pose computers, to improve the capability of present
vision systems.

An important issue in industrial vision is that of
speed. It has been estimated [ReH79] that processor
bandwidths on the order of 1 to 100 billion operations
per second will be required to solve some of the
current problems in robot vision. While the current
trend towards “massively parallel” architectures
[BatB0] for vision affords a solution it raises the issue
as to what algorithms can be implemented on such
architectures. Our research is aimed at providing an
answer to this question and further providing a candi-
date special purpose architecture capable of meeting
the computing requirements of industrial robot
vision. Our initial research has been to catalog those
algorithms that a consensus of researchers considers
useful, and then to consider various architectures
appropriate {or those algorithms. This initial work will
appear in [MuD82).
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