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1

DIGITAL PARALLEL PROCESSOR ARRAY
FOR OPTIMUM PATH PLANNING

BACKGROUND OF THE INVENTION

1. Origin of the Invention:

The invention described herein was made in the perfor-
mance of work under a NASA contract, and is subject to the
provisions of Public Law 96-517 (35 USC 202) in which the
Contractor has elected not to retain title.

2. Technical Field:

The invention relates to parallel processing arrays and in
particular to the application of such arrays to optimum path
planning from a starting point to a destination point across
aknown terrain, and the selection of the optimum path from
plural paths.

3. Background of the Invention:

A number of techniques are known in the art for perform-
ing path planning. U.S. Pat. No. 4,812,990 employs a “lcast
cost” methodology to path plan, but is a software imple-
mentation of mathematical optimization algorithms, and
therefore suffers from the disadvantages of being complex
and time consuming and requiring large computer resources
to implement it. Its method of “weighing” costs relies on the
mathematical algorithms and has nothing to do with the
“time” delay costs of the present invention.

U.S. Pat. No. 4,570,227 teaches determining the optimum
path using a comparator circuit which compares all possible
routes. It does not use time delay propagation to measure
cost. It also has no ability to scale the cost because it cannot
distinguish between a shorter path that is uphill and more
time consuming with one that is longer but on a flat grade.
Moreover, it is not capable of multiple destination point
analysis,

U.S. Pat. No. 4,862,373 provides a method for determin-
ing the shortest collision free path through a 3-D space
utilizing a set of pre-stored 2-D maps at different altitudes.
However, it relies on software implementations of math-
ematical optimization algorithms, and therefore requires
significant computer support hardware. It cannot scale costs
and cannot perform multiple destination point analysis.

C. R. Carrol], “A Neural Processor for Maze Solving”,
Analog VLSI Implementation of Neural Systems, Kluwer
Academic Publishers, Boston (1989) discloses a 4x4 array
of binary processors allowing for a 2-state “cost scaling” and
a 4x8 array for 3-state “cost-scaling”. This technique there-
fore provides a very limited dynamic range of cost scaling
for path planning.

Accordingly, it is an object of the invention to perform
high speed optimum path planning requiring no software or
computer support during operation.

Itis a further object of the invention to perform such path
planning with many levels (e.g., 256) of programmable costs
at each cell in an array representing terrain to be crossed.

It is a yet further object of the invention to perform such
path planning on a high speed integrated circuit. .

It is a still further object of the invention to perform such
path planning simultaneously for multiple destination
points.

SUMMARY OF THE DISCLOSURE

The present invention concerns a method for path plan-
ning using an array of digital parallel processors in a single
integrated circuit chip. This chip may be used for determin-
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ing the most efficient route between locations in a given
terrain. In one exemplary embodiment, the array would
consist of 25 rows and 24 columns of processors. Each
processor in the array would represent a pixel in an image of
the terrain. The difficulty in traversing that portion of the
terrain would be assigned one of 256 possible values. The
higher the number, the more difficult the terrain is to
traverse. These difficulty values, or “costs”, for each pixel
would be programmed into the corresponding processor or
“unit cell” in the array. This is accomplished in one embodi-
ment by an 8-bit ripple counter in the cell. The counter is
preset to one of 256 possible values. When activated, it
decrements to zero and triggers an output signal from the
cell. The cost is thereby equated to the delay in the output
signal.

The chip is operated by first selecting one of the cells as
the path origination point. That cell then sends a signal to its
adjoining cells to the north, east, south and west. The
receiving cell stores the direction of the incoming signal and
prevents further inputs. At the same time, the receiving cell’s
counter is activated. This combination of inhibited inputs
and signal delays results in a propagation through the array
where each cell obtains a preferred (i.e., least cost) direction.
By selecting any cell in the array as a destination point and
tracing the preferred directions back to the origination cell,
the most efficient path is determined. In addition, each cell
in the array incorporates a blocking function which prevents
signal output in any or all directions. This feature is used to
mode] impassable terrain.

In essence, the invention operates by having many stimu-
lus signals electronically traveling all possible paths simul-
taneously between two points, detecting the first-to-arrive
stimulus signal and determining which path it followed. The
stimulus signals emanate from a single starting point and
provoke each node or cell in their paths to broadcast copies
of each arriving stimulus signal to all adjacent neighboring
nedes, until every node in the entire array has received a
stimulus signal. Each node blocks the arrival of all but the
first-to-arrive stimulus signal and remembers the direction
from which that signal arrived. Thus, the invention simul-
taneously constructs the shortest paths to all nodes in the
array from the starting node. After propagation of the
stimulus signals throughout the array has ceased, any num-
ber of nodes in the array may be selected as destination
nodes from which the routes of the first-to-arrive stimulus
signals may be traced back to the starting node. Accordingly,
the invention provides multiple destination node analysis
simultaneously.

One advantage of the invention is that the VLSI digital
circuit for path planning described herein operates about
three to four orders of magnitude faster than current meth-
ods. Another advantage is that optimum paths to multiple
destinations may be computed simultaneously with no loss
of speed.

The invention computes the optimum path across a terrain
or topology represented by an array of paratlel processor
cells interconnected between neighboring cells by links
extending along different directions to the neighboring cells.
Such an array is preferably implemented as a high-speed
integrated circuit. The computation of the optimum path is
accomplished by, in each cell, receiving stimulus signals
from neighboring cells along corresponding directions,
determining and storing the identity of a direction along
which the first stimulus signal is received, broadcasting a
subsequent stimulus signal to the neighboring cells after a
predetermined delay time, whereby stimulus signals propa-
gate throughout the array from a starting one of the cells.



























