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Abstract

A description of a videotape depicting motion

planning of a point robot moving in a fixed envi-

ronment of 3 dimensional polyhedral obstacles.

1 Introduction

The videotape depicts motion planning of a

point robot moving in a fixed environment of

3 dimensional polyhedral obstacles. It dis-

plays graphically the output of a motion plan-

ning system that has been implemented at the

Robotics Laboratory of the Courant Institute

of Mathematical Sciences, New York Univer-

sity. The implemented system is the first ver-

sion of a planned system that will aim to im-

plement efficient motion planning algorithms

for a rigid object translating in 3-space in a

similar polyhedral environment (where we plan

to exploit the recent theoretical progress made

on this problem in [1]). The system is imple-

mented using a combinatorial algorithmic ap-

proach, and aims to achieve efficient worst-case

performance, while also being fast in practice.

It constructs a cell decomposition of the given

environment, and uses it to obtain a discrete

representation ( “connectivity graph”) of free

space, which is then used for planning paths be-

tween any pair of specified initial and final sys-

tem placements. The method bears some sim-

ilarities to a recent technique of Chazelle and
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Palios [2], but differs from it in many aspects.

2 The System

What the system does is decompose the 3-D

free space into vertical cells, by erecting verti-

cal walls through each rejlez obstacle edge (un-

til the next obstacles directly above and below

the edge are met; we refer to the intersections

of such a wall with these next obstacles as etch-

ings). Here a reflex edge is defined as an edge

e whose two adjacent faces lie on the same side

of the vertical plane passing through e (this

restricted definition of reflex edges excludes in

practice most concave edges of free space and

thus makes the system construct far fewer cells

than would otherwise be required). These re-

flex edges form the so-called silhouettes of the

obstacles. The erected walls may of course in-

tersect each other (at so-called critical silhou-

ette points), and together they partition the

free space into vertical prism-like cells, whose

top and bottom boundaries, however, may con-

sist of many faces, but at any rate they are

xy-monotone (pieces of so-called “polyhedral

terrains” ). The ~y-projection of a cell need

not be convex, though, and a second decom-

position step splits cells further so as to ob-

tain cells with convex xy-projections. The pro-

gram then determines adjacency of cells across

vertical walls, and constructs a ~’connectivity-

graph” to represent this adjacency of cells. Fi-

nally, the program selects a center point in each

cell, and an exit/entry center point on each

vertical wall boundary between pairs of adja-

cent cells, and constructs canonical paths from

the cell-center point to each exit point (roughly

speaking, these paths are drawn mid-way be-

tween the floor and ceiling of the cell).
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Given initial and final placements of the

robot, the program then locates the cells con-

taining these placements, determines that these

cells are reachable from each other via a path

in the connectivity graph (or else reports that

no free path connecting the initial and final

placements exists), finds paths connecting each

of these placements to the center of the corre-

sponding cell, and combines these paths with

a sequence of pre-stored paths which connect

between

between

referred

system.

these cells, to obtain the desired path

the given placements. The reader is

to [3] for more details concerning the

3 The Videotape

The videotape begins by explaining the basics

of the algorithm ina simple environment. Then

it shows an environment of 21 obstacles, 268

vertices, 768 edges, and 512 faces, which is de-

composed into 392 cells. The cell decompo-

sition on the complex environment takes ap-

proximately 5 seconds (exclusive of 1/0) on

a Sun SPARC II workstation. The genera-

tion of paths between pairs of points, repeated

over 100 random pairs, takes a total of 5 sec-

onds, and thus is essentially real time. Our

videotape was generated on a Silicon Graph-

ics Iris workstation in real time and converted

directly through a Lyon-Lamb encoder to 3/4-

inch videotape. All this equipment is avail-

able at the NYU Robotics Laboratory and the

Courant Institute. Audio was added separately

on local equipment.

The basics of the algorithm are explained

with a simple environment containing 2 boxes,

one inside the other, as obstacles. For this situ-

ation, we see the silhouettes, the critical points,

the et things of walls on other surfaces, the con-

struction of cell walls between the reflex edges

and the etchings, the first level of cells, the

further decomposition of the cells into subcells

with convex xy-projections, and the final result-

ing cells. We display each of the 10 final cells

of the decomposition. Then we pick 2 points,

generate a path between them, and show the

sequence of cells that this path traverses. We

then ride the robot through the environment

along the path, showing each cell as we traverse

it. Next the animation turns to the complex

environment of 21 obstacles, showing the mo-

tion planning for 4 consecutive pairs of ‘query’

placements. We show the environment, the sil-

houettes, and, for each pair of source and desti-

nation placements, the generated path and its

corresponding sequence of cells. The final seg-

ment shows the ride on the robot through the

environment, simultaneously displaying the cell

we are presently within, moving along a tra-

jectory constructed by linking the 4 paths to-

gether. Since the paths computed by the algo-

rithm are polygonal, the ride on the robot tends

to be ‘jerky’ as it turns sharply at path corners.

An attempt is made to smooth the displayed

ride by continuously changing the viewing di-

rection along each path edge, so as to make it

continuous at each turn.
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