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Abstract

This paper reports on Move3D, a software platform

dedicated to collision-free path planning. The algo-

rithms are based on probabilistic approaches and take

advandtage of the progress of computer performance.

The generality comes from a dedicated software archi-

tecture allowing a rapid design of path planners. The

paper focuses on recent results obtained in logistics for

industrial installations, in graphics animation and in

mobile robotics as well.

1 Introduction

Path planning has been an active research �eld in

robotics for more than 20 years [26]. Algorithms be-

come more and more mature. Moreover, they take

advantage of the increasing progresses of computer

speed: with the same algorithms, it is today possible

to solve problems which were out of scope �ve years

ago. The range of the potential applications of path

planning algorithms becomes broader.

This paper presents the software plateformMove3D

currently developed at LAAS for generic multipur-

pose applications. From an algorithmic point of

view, Move3D is based on probabilistic roadmap al-

gorithms brie
y reviewed in Section 2. In Sec-

tion 3, we present the software architecture of

Move3D implementing the various ingredients re-

quired by roadmap algorithms: collision-checkers,

steering methods, roadmaps builders. The following

sections give practical results obtained in problems

arising in �elds as diverse as logistics for industrial

installations, graphics animation and mobile robotics.

2 Probabilistic approaches to path

planning

The probabilistic roadmap algorithms �rst intro-

duced in [19, 30, 20] and now investigated by numer-

ous researchers [3, 4, 5, 8, 9, 16, 17, 21, 22, 32] is a

general scheme to devise path planners. A roadmap

is a graph that tends to capture the connectivity of

the collision-free con�guration space. The nodes are

collision-free con�gurations while the edges indicate

the existence of an admissible collision-free path be-

tween two con�gurations. Roadmaps are computed in

a probabilistic manner by selecting the nodes of the

graph randomly. Implementing such approaches only

requires two basic geometric procedures: a steering

method to compute admissible paths for a given me-

chanical system, and a collision detection method that

detects both interferences between the robot and the

obstacles for a given con�guration and collisions of an

admissible path with the obstacles.

The main components of a roadmap based path

planner are then:

� the steering methods: they account for the

kinematic constraints of the considered mechani-

cal system (e.g., nonholonomic constraints) or the

kinematic constraints imposed by the application

(e.g., moving one degree of freedom at once). The

inputs of a steering method are two con�gura-

tions of the mechanical system, the output is an

admissible path linking them without taking into

account the obstacles.

� basic geometric tools: they are of two types:

{ interference detection: checks that in a given

con�guration, the robot and the obstacles

have empty intersection,

{ collision checking: checks that along a given

path, no con�guration is in collision with the

obstacles.

� the roadmap builder: this is the algorithm

used to compute a roadmap. Two collision-

free con�gurations being randomly picked, the

roadmap builder checks whether the admissible



path computed between these con�gurations us-

ing the selected steering method is collision-free.

If so, an edge is added between these con�gura-

tions.

Once a roadmap has been computed, a speci�c path

planning problem between a start and goal con�gu-

rations can be solved as follows. The planner tries

to connect the initial and goal con�gurations to the

roadmap, using the speci�ed steering method. Then,

a graph search procedure looks for a path in the

roadmap. If the graph search succeeds, a solution

path has been found. This �rst solution path is then

optimized to remove useless detours induced by the

random search.

In the following section we present the architecture

of our roadmap based planning software Move3D and

we give details about the di�erent components pre-

sented above.

3 Move3D architecture

Figure 1 shows the global architecture of the motion

planning software Move3D, composed of the following

modules:

Translator

API

Planning
algorithms

Steering
methods

Filtering Interference
detection checker

Collision

Geometric
modeling definition

Problem 

Move3D

Modeling

Geometric tools

system
CAD
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Motion
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Figure 1: Architecture of Move3d

� the Modeling module enables the user to describe

mechanical systems and environments. The mo-

tion planning problem to solve is also described

in this module. The input of this module is pro-

vided through the API used to connect Move3D

to the external CAD system and to transform the

geometric data of the CAD system into Move3D

geometric data structures

� the geometric tools for �ltering the geometric

database and initializing the interference detec-

tion algorithms only with the part relevant to the

speci�ed planning problem.

� the steering method library allowing to compute

local paths satisfying the kinematic constraints of

the mechanical systems involved by the planning

problem.

� the planning algorithms module contains the

roadmap builder, the graph search algorithms as

well as other planning procedures based on ran-

domized techniques (see next section).

� �nally, Move3D has its own Developer Interface

module (not displayed in the Figure) allowing to

call the algorithms and to visualize the solutions

independently of any external CAD system.

3.1 Steering methods

The following steering methods illustrated by Fig-

ure 2 are today integrated within Move3D:

� Linear computes a straight line segment between

two con�gurations: this method works for any

holonomic system like a manipulator arm.

� Nonholonomic computes smooth paths for carts

[31] or articulated mobile robots (trailer sys-

tems) [25] as well.

� Manhattan accounts for the constraint of moving

one degree of freedom at once.

Figure 2: Examples of elementary steering methods

Other methods can be easily integrated into this

library. They can also be combined to design more

complex steering methods for mechanical systems sub-

jected to di�erent motion constraints (eg. for a mobile

manipulator, the mobile platform and the manipula-

tor are respectively controlled by the Nonholonomic

and the Linear methods).

Some mechanical systems also require to consider

passive joints that can not be directly controlled, but

have to follow the motion of other leading joints. For

instance the front wheels of a car have to turn to-

gether. In the presence of such motion constraints,

the steering method only acts onto the leading joints,

while the passive ones are computed by dedicated \fol-

low" functions that express the coupling relations.



3.2 Planning algorithms

This module currently integrates four of the ran-

domized planning techniques proposed in the liter-

ature. Three of them share the underlying concept

of the Probabilistic Roadmap Methods that �rst con-

struct a roadmap connecting collision-free con�gura-

tions picked at random, and then use this roadmap to

quickly answer multiple queries.

Basic-PRM is based on the basic PRM scheme

[20]. The con�guration space is uniformly sampled

at random. All collision-free samples are added to

the roadmap and checked for connection with all

connected components. The planner o�ers the choice

between several strategies for selecting the promising

nodes inside the components, and allows the tuning

of several parameters (adjacency neighborhood, size

of the roadmap...).

Visib-PRM computes visibility roadmaps [32] that

are bipartite graphs de�ned with two types of nodes:

guards and connectors. A collision-free sample is

kept as a new guard node if it cannot be connected

to the current roadmap, or as a new connector if it

improves the connectivity of the roadmap (i.e. it can

be connected to two di�erent connected components).

An advantage of this algorithm is the small size of the

computed roadmaps. Another one is the possibility to

control the quality of the roadmap in term of coverage.

Gaussian-PRM [9] uses a non-uniform sampling

strategy in order to create a higher density of nodes

near the boundary of the free-space. The gaussian

sampler generates pairs of con�gurations separated

by a gaussian random distance. It only retains

a collision-free con�guration of the pair when the

other one lies in the collision space. This gaussian

sampling strategy can be used when computing basic

or visibility roadmaps.

The last planner is based on the RRT-Connect al-

gorithm [24] that was designed to answer single-query

problems without requiring the preprocessing of the

roadmap. The algorithm develops simultaneously two

random trees rooted at the initial and goal con�gu-

rations, and that explore the space while advancing

toward each other.

3.3 Geometric tools: data �ltering and

collision-checking

A motion planning task is often localized on a small

part of the environment. The role of Filtering is

to pre-process the geometric data basis to determine

which bodies may interact between each other when

searching a collision-free path and thus to reduce the

number of tests within collision checking and interfer-

ence detection. Filtering either uses inputs given

by the operator (e.g., to constrain the path to lie in

a user-de�ned area) or automatically computes the

workspace spanned by the bodies to be moved. Con-

sider for instance a problem of path planning for a

mobile robot as illustrated in Figure 6. In this case,

the �lter automatically removes all the parts of the

environment that cannot interact with the robot (out-

side the slice de�ned by two horizontal planes). For

the example shown in Figure 3, the �lter retains most

of the obstacles for potential collisions with the freight,

but determines that no obstacle can collide with the

�rst vertical body of the crane and very few with the

second horizontal one.

It remains that the �ltered model may still in-

clude a huge number of geometric primitives. It is

well known that the most time consuming opera-

tions in motion planning are interference detection and

collision-checking along a given path.

The algorithms [13] developed within Move3D for

the Interference-detector combine techniques pro-

posed in [27] while allowing to process non convex

polyhedra together with other volumic primitives (eg.

spheres, tubes, torus. . . ) as in [7]. Computation is

performed in two stages: selection of possibly colliding

pairs based on simple bounding volumes that approx-

imate the geometry of the objects, and a precise inter-

ference detection limited to the pairs selected at the

�rst stage. A hierarchical structure based on OBB-

trees is constructed on top of the convex primitives

(or facets), instead of the triangular decomposition

required by [14]. This allows to reduce the size of the

data structures when facing with large CAD models

where most of the objects (eg. piping) are modeled by

a collection of simple primitives. Also, CAD systems

often group into a same object several components

sharing the same semantic but localized at di�erent

places within the scene (eg. one single object may

represent the piping part of the installation). Such

components are therefore grouped according to their

workspace occupancy to improve the e�ciency of the

hierarchical models.

The Collision-checker [13] developed for deter-

mining whether a given path is collision-free or not, is

currently performed by multiple calls to the interfer-

ence detection algorithm, using a dichotomic sampling

of the path and a non uniform steps computed from

the distance to the obstacles.



4 Application 1: Operation in indus-

trial installation

Today CAD systems are widely used in manufac-

turing and more generally to help the operation of

complex systems and complex tasks. They are sup-

ported by powerful dedicated software including 3D

visualization possibilities, geometric tools and friendly

interfaces. In the framework of logistics of industrial

installations, CAD systems provide tools for the ma-

nipulation and storage of plant layout and design in-

formation.

The following examples come from the Euro-

pean project MOLOG dedicated to the integra-

tion of path planning technology to the CAD soft-

ware used in logistics of industrial installation (see

http://www.laas.fr/�molog and [33]).

Figure 3: Stabilizer environment with a rotating crane

(model provided by Cadcentre)

The industrial installation of the �rst example is a

stabilizer (subset of a plant in chemical industry) mod-

eled by 300:000 facets. The rotating crane (around

1000 facets) has to place a tank inside the metal-

lic structure, starting from an initial position where

the tank is horizontally placed on the ground. Here

the steering method produces Manhattan paths for the

crane, while accounting for the constrained motion of

the tank which slides on the ground before it reaches

a vertical position.

Figure 4: Travelling crane in the engine room of a

nuclear plant (model provided by EDF)

The second example shows a partial view of the en-

gine room of a nuclear plant. Here, the purpose of

the maintenance operation is to repair the water tur-

bopump composed of three elements which have to be

moved to a lower 
oor with a traveling crane. The

path displayed in Figure 4 corresponds to the motion

of the traveling crane computed to grasp the �rst el-

ement of the pump. For this scene (same geometric

complexity as the stabilizer), the construction of the

roadmap took less than ten minutes allowing queries

to be processed in a couple of seconds.

5 Application 2: Animating characters

Providing realistic animation of human characters

in graphics takes a lot of time. The automated syn-

thesis of �ne motions (e.g., grasping an object) may

help the operator. In the example of Figure 5 the goal

con�guration is not explicitely speci�ed by the opera-

tor (think to the huge number of parameters to tune

to fully specify the poisition of all the �ngers). The

operator just gives a preshaping position roughly de-

�ned around the grip of the sword. Then Move3D au-

tomatically computes a collision-free path, including

the automated computation of the �nal con�guration

(see [12] for details).

6 Application 3: Mobile robotics

Move3D is also used in the robotics projects con-

ducted at LAAS. Figure 6 shows the mobile robot Hi-

lare pulling a trailer. This system is nonholonomic: it

has two degree of freedom (i.e., the two driving wheels)

while the dimension of the con�guration space is four

(3 parameters to locate Hilare and the angle of the

trailer). A special steering method has been devised

for this system [25]. Figure 6 shows a path computed



Initial con�guration and detail of the goal

Intermediate con�gurations computed by Move3D

Figure 5: Grasping a sword (environment provided by

Dramaera)

within Move3D in an environment modeling the ex-

perimental room of LAAS.

7 Conclusion

The aim of the project Move3D is to develop a gen-

eral planning software for providing systems with mo-

tion planning facilities. The challenge for application

�elds such as logistics or graphics is to face real size

problems involving a large class of mechanical systems.

The examples shown in the paper illustrate the kind of

problems that can be solved today. They are represen-

tative of the current state of the art in path planning.
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