PART 1

MOTION PLANNING




THE PIANO MOVERS’ PROBLEM

GIVEN AN ENVIRONMENT WITH OBSTACLES AND
A PIANQ, IS IT POSSIBLE TO MOVE THE PIANO
FROM ONE POSITION AND ORIENTATION, CALLED
ITS CONFIGURATION Q, TO ANOTHER WITHOUT
COLLIDING WITH THE WALLS OR THE OBSTACLES
IN A REAL GEOMETRIC SPACE OR WORKSPACE
W

SCHWARTZ J. T., SHARIR M. “On the piano movers’ problem Il, general techniques for computing
topological properties of real algebraic manifolds.” Advances of Applied Maths 4 (1983), 298—-351.



PROBLEM DEFINITION

PROBLEM EXTENSIONS:

( ) * Moving obstacles
* Multiple robots
* Movable objects

* Deformable robots

* No or partial prior knowledge of
Planning Algorithm environment

—

* Dynamic constraints

A collision-free path from the - Optimal planning
initial to the goal position




ROBOT CONFIGURATION

Figure 2 The unimate PUMA 562 robot arm

A ROBOT CONFIGURATION IS A g, |
SPECIFICATION OF THE POSITIONS OF ALL q,
ROBOT POINTS RELATIVE TO A FIXED
COORDINATE SYSTEM s
A4
USUALLY A CONFIGURATION IS EXPRESSED Js
AS A “VECTOR” OF PARAMETERS Je

Lozano-Perez, T. (1990). Spatial planning: A configuration space approach. In Autonomous robot v
259-271). Springer, New York, NY.



THE CONFIGURATION SPACE C

SPACE OF ALL ITS POSSIBLE PATH: CONTINUOUS SEQUENCE OF

———

CONFIGURATIONS CONFIGURATION

BUT THE TOPOLOGY OF THIS SPACE IS TRAJECTORY: TIME PARAMETERIZATION OF
USUALLY NOT THAT OF A CARTESIAN A PATH
SPACE




THE FREE CONFIGURATION SPACE C ¢

Cspac:e — Cfree +€obst |

Example: 2D navigation
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THE FREE CONFIGURATION SPACE
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http://ford.ieor.berkeley.edu/cspace/

THE FREE CONFIGURATION SPACE

Vue de dessus




CONCLUSION

In the case of poly-articulated robots, with n degrees of
freedom, the configuration of the robot is defined by the n
parameter values of each joint.

The configuration space is n-dimensionnal, and each point of
this space corresponds to a robot position in the workspace
A motion planning problem can be reduced to the one of
computing a path for a point in the configuration space




