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Abstract. This paper reports on RMP3D, a multipurpose software plat-
form dedicated to motion planning. RMP3D makes it possible to set up
motion planning experiments very quickly. The generality comes from a
dedicated software architecture allowing a rapid design of motion plan-
ners. Comprehension of concepts and algorithms involved in the robotics
field can be improved through the use of an interactive visualization tool.
We present an interactive tool for visualizing and editing motion plan-
ning environments, problem instances, and their solutions. RMP3D is
specialized for model-based randomized planners such as Probabilistic
Roadmap (PRM) methods. The paper focuses on recent results obtained
in robot motion planning, graphics animation, and behavioral animation.

1 Introduction

Robot motion planning refers to the ability of a robot to automatically plan its
own motions to avoid collision with the physical objects in its environment. Such
a capability is crucial, since a robot accomplishes tasks by physical motion in the

real world. This capability would be a major step toward the goal of creating au-
tonomous robots. This observation has motivated much research in robot motion

planning. The approaches to robot motion planning can be roughly divided into
two categories: the classical motion planning or model-based motion planning,
and sensor-based planning. The first approach, assumes that the robot system
has an explicit representation of the robot's environment. On the other hand,

in the second approach, the environment is unknown and the robot is guided
directly from the sensory input without constructing internal representation for

the environment. This work considers solely the model-based motion planning
problem.

Motion planning problem is typically solved in the configuration space (C), in
which each placement of the robot is mapped as a point. The free configuration
space, F, is the subset of C at which the robot does not intersect any obstacle.

The dimension of C depends on the degrees of freedom (dof) of the robot, which
can be high. An exact computing of a high-dimensional configuration space is

impractical. For this reason, a large family of model-based planners has been

A. Gelbukh, S. Torres, I. López (Eds.)
Advances in Artificial Intelligence
Research in Computing Science 20, 2006, pp. 167-178



168 Sánchez J., Sánchez A., Rodriguez M., Hernández X. and Garcia G.

developed [1], [2], [3], [4]. These algorithms have been successfully used to solve

challenging problems.

The most popular paradigm for model-based motion planning is the Proba-

bilistic Roadmap Method (PRM) [1]. The key idea of the PRM is to randomly

distribute a set of nodes in C and then connect these nodes using a simple local

planner, to form a graph (or a tree) known as a roadmap. An important property

of a roadmap is that it provides a good approximation of the connectivity of the

F. If the roadmap is successfully capturing this connectivity, motion planning

may be reduced to a graph search.

Motion planning has application in many other areas, such as assembly plan-

ning, design for manufacturing, virtual prototyping, computer animation, med-

ical surgery simulation, computational biology, etc. As stressed by Latombe [5],

non-robotics applications (e.g., graphics animation, surgical planning and com-

putational biology) are growing in importance and are likely to shape future

motion planning research at least as much as robotics.

In Section II, we present the software architecture of RMP3D. The following

sections give practical results obtained in problems arising in fields as diverse as

robot motion planning, planning motions for animated characters and behavioral

animation. Finally, Section VI presents the conclusions and future work
.

2 RMP3D Architecture

RMP3D is composed of diverse modules associated with functionalities such as

the modeling of the mechanical systems (geometric modeling, steering methods),

geometrical tools (collision detection, distance calculation), motion planning,

and a graphic interface that allows to define the problems, call the algorithms,

and to display the produced results. Fig. 1 shows the structure of the motion

planning software RMP3D.

- the modeling module enables the user to describe mechanical systems and

environments.

- the geometric tools for the collision detection algorithms.

- the steering methods allows to compute local paths satisfying the kinematic

constraints of the mechanical systems.

- the planning algorithms module contains many procedures based on ran-
domized techniques such as PRM, Lazy PRM, Gaussian PRM.

The following steering methods are actually integrated within RMP3D:

- Linear computes a straight line segment between two configurations, this

method works for any holonomic system like a manipulator arm.

- Nonholonomic computes smooth paths for both car models, Reeds &

Shepp [6] and Dubins [7] or articulated mobile robots.

Other methods could be easily integrated into this library. They can also

be combined to design more complex steering methods for mechanical systems

subjected to different motion constraints.
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