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Abstract. This paper describes a graphic tool to simulate virtual envi-
ronments involved in three dimensional space. GEMPA (Graphic Envi-
ronment for Motion Planning Algorithms) was developed to be used to
simulates the behavior of motion planning algorithms. Therefore, this
tool includes the object’s representation using different kind of files;
the animation of free collision path for a motion planning problem, and
graphic user interface to navigate through the virtual environment. Im-
portant elements to give more realism to the environments as illumina-
tion and textures are considered. Initially, this tool can be used as a
didactics software for computer graphics and animation courses showing
how transformation on three dimensional space can be used to animate
the object movement, but the main application is the simulation of mo-
tion planning algorithms.
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1 Introduction

Computer graphics has advanced to a point where generating images of strik-
ing realism and complexity has become almost commonplace. However, making
objects move convincingly within these pictures remains difficult, particularly
as object models grow increasingly complex. The specification and control of
motion for computer animation has emerged as one of the principal areas of
research within the computer graphics community.

Computer graphics has grown phenomenally in recent decades, progressing
from simple 2-D graphics to complex, high-quality, three-dimensional environ-
ments. In entertainment, computer graphics is used extensively in movies and
computer games. Animated movies are increasingly being made entirely with
computers. Even nonanimated movies depend heavily on computer graphics to
develop special effects. The capabilities of computer graphics in personal com-
puters and home game consoles have now improved to the extent that low-cost
systems are able to display millions of polygons per second.
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There are also significant uses of computer graphics in nonentertainment
applications. For example, virtual reality systems are often used in training.
Computer graphics is an indispensable tool for scientific visualization and for
computer-aided design (CAD).We need good methods for displaying large data
sets comprehensibly and for showing the results of large-scale scientific simula-
tions. Over the last few years, many different systems have been developed to
represent and simulate scenarios with different kind of objects in virtual envi-
ronments.

The representation of different environments in such a system is used for a
widely researched area, where many different types of problems are addressed,
related to animation, interaction, and motion planning algorithms to name a
few research topics. Although there is a variety of systems available with many
different features, we are still a long way from a completely integrated system
that is adaptable for many types of applications.

This motivates us to create and build a visualization tool for planners ca-
pable of using physics-based models to generate realistic-looking motions. The
main objective is to have a solid platform to create and develop algorithins for
motion planning methods that can be launched into a digital environment. The
developed of these tools allows to modify or to adapt the visualization tool for
different kind of problems.

This paper is organized as follows: First we present the support architecture
for GEMPA including different kind of files used to recover information about the
objects inside the environment(Section 2). Then we review the graphic user inter-
face (GUI) to navigate trough the virtual graphic environment, Section 3. After
we describe how GEMPA is used to simulate motion planning algorithms and to
build simple environments in Section 4, we continue in Section 5 to present inter-
esting results for 3-D objects transformations and simulation of motion planning
algorithms. We conclude the paper and describe work in progress in Section 6.

2 GEMPA Architecture

GEMPA architecture is supported by necessary elements to represent objects,
geometric transformation tools and visualization controls. These elements are
integrated to reach initial goals of visualization and animation applied to motion
planning problems.

2.1 Related Work

Important graphics tools has been developed to visualize and understand motion

plannig problems. As an example, the description of two visualization tools will
be described; VIZMO++ and MPK.

VIZMO++. VIZMO++ ( A visualization/authoring tool for motion planning)
is a 3D visualization/authoring tool for files provided/generated by OBPRM mo-
tion planning library [2]. VIZMO++, was developed for visualizing and editing
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motion planning environments, problem instances, and their solutions. The tool
offers a nice and easy to use graphical user interface (GUI) that allows you
to display workspace environments, roadmap, path, and start/goal positions.
It enables users to interact with and edit the environment. Application where
VIZMO++ can be used are: User-Guided Path Planning ; Particle Transport
Seismic Ray Tracing and Campus Navigator [1).

MPK - Motion Planning Kit. Motion Planning Kit (MPK) is a C++ li-
brary and toolkit for developing single- and multi-robot motion planners (3]. It
includes SBL, a fast single-query probabilistic roadmap path planner (5] .

MPK can handle arbitrary kinematic tree structures and an arbitrary num-
ber of robots and obstacles at the same time. New robots with any combination
of prismatic and revolute joints can be defined and added without recompiling.
Some importants features of MPK are: C++-library and workbench for motion
planning; Allows arbitrary number of robots and obstacles; New robots can be
added without recompiling; Arbitrary kinematics for *hardwired’ robots; Effi-
cient and exact dynamic collision checker.

Motion Planning Problem
<
Free Collision .
Navigation -
Environment or Path Centrel & GUI c
WorkSpace < :
Cerdguration :
Files ot
(-]
Object Representation 30 s
Transformations
——— B
= o a— ﬁ:o lalion
il il Fgures raslation
| Scale

Fig. 1. Several modules conform the initial GEMPA architecture which offer interesting
functionalities; visualization 3-D environments as well as animation of motion planning
algorithms.

2.2 Recovering Objects Representation

People focus to solve problems using computer graphics, virtual reality and sim-
ulation of motion planning techniques used to recover information related to
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objects inside the environment through file which can storage information about
triangle meshes. Hence, several objects can be placed on different positions and
orientations to simulate a three-dimensional environment. There exist different
formats to represent objects in three-dimensional spaces (3-D), however, two
conventions used for many tools to represent triangle meshes are the most pop-
ular; objects based on off - files and objects based on tzt - files. In motion
planning community there exist benchmarks represented through this kind of
files. GEMPA is able to load the triangle meshes used to represent objects from
tzt or off - files.

On the other hand, GEMPA allows the user to built news environments using
predefined figures as spheres, cones, cubes, etc. This figures are chosen from a
menu and the user can place them using translation, rotation and scale trans-
formations. Once the user has built the environment, it can be saved as a t«ct -
file. Besides this files can be load from now on.

Each module on GEMPA architecture is presented in Figure 1. There, we
can see that initially, the main goal is the visualization of 3-D environments
and the animation of motion planning algorithms. In the case of visualization of
3-D environments, information is recovered form files and the user can navigate
through the envorinment using mouse and keyboard controls. In the second case,
the animation of motion planning algorithins, GEMPA needs information about
a problem. This problem is described by two elements; the first one is called
workspace, where obstacles (objects) and robot representation and configura-
tion (position and orientation) is recovered from files; the second, a set of free
collision configuration conform a path, this will be used to animate the robot
movement from initial to goal configuration. Both goals are supported on 3-D
geometric transformations.
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Fig. 2. Two different views of two-dimensional environment since the X-Y plane are
painted.
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3 GUI and Navigation Tools

Graphic user interface (GUI) is an important element for every computer sys-
tem. This GUI become essential when application are used to simulate virtual
environments, where navigation tools help the user to perceive realism and im-
mersion characteristics. Initially, GEMPA has incorporated two modes to paint
an object; wire mode and solid mode. Next, Lambert illumination is implemented
to produce more realism, and finally transparency effects are used to visualize
the objects.

Along the GUI, camera movements are added to facilitate the navigation
inside the environment to display views from different locations.

3.1 2-D and 3-D Visualization

GEMPA was developed using 3-D transformations (translation, rotation and
scale), that means that, if we want to display objects in 2-D, the user only have
to place zero where z - coordinate or gamma-angle is required. Two dimension
environment are painted on the XY plane. In Figure 2, two different views of
the same environment are displayed on the XY plane.
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Fig. 3. In the left side, an object is painted using Lambert illumination , in the right

side, transparency effect is applied on the object. Both features are used to give more
realism the environment.

3.2 Navigation Controls and Realism Characteristics

This controls allow the user navigate through the environment. GEMPA sup-
port this navigation using keys and mouse movements. Hence, the tool include:
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Camera movement on X-axis, Y-axis and Z-axis (zoom), and rotation around
X,Y and Z axis. Both kind of controls are available since keyboard and mouse.

On the other hand, to give more realism the environment displayed by
GEMPA, Lambert illumination has bee included along with transparency ef-
fect on the objects; colors for every predefined figure can be chosen. Besides,
the tool is able to paint the axis to give the user information about the position
where the observed is placed.

In Figure 3 we can see two samples where Lambert illumination and trans-
parency effect are used to paint each object respectively.

4 Environments Construction and Motion Planning
Algorithms

Even though GEMPA is able to read information about complex 3-D environ-
ments used to simulate motion planning algorithms [4,7,6], this tool besides
allows the user to create or built his own environments.

Fig. 4. The GUI includes a dialog box where position, orientation and color can be
specified to create a figure.

4.1 Building Environments

GEMPA include the capability to incorporate objects with predefined figures
as cubes, cones, spheres and torus. These figures are placed at the origin of
a reference frame and the tool contemplate functionalities to apply geometric
transformations to scale, move, or rotate the object, this can be seen in Figure
4, where a dialog box is provided to allow the user to change values for the
position and orientation where every object will be placed inside the workspace.
Therefore, an environment can be conformed by different objects distributes
through the workspace, an example of such distribution is presented in Figure
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5. It is important to say that, although figures used to build the environment
seems simples, the user can construct more complex elements using repeatedly
these objects.

Once an environment has been built, a function to save the environment as a
tzt - files is available. The file generated contains information about each object
into the workspace and its position and orientation (configuration). This way,
the user can reload the environment to be reused.
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Fig.5. The environment is built applying successive 3-D transformations on every
figure to distribute them on the workspace.

4.2 Simulation of Motion Planning Problems

Motion planning methods are used in robotics to solve motion problems. Motion
planning algorithms called probabilistic roadmap methods (PRM) are used to
find a free collision path between a initial configuration and a goal configuration.
There are many applications of motion planning algorithms. For this work, only
PRM for free flying objects are considered as an initial application of GEMPA.
Taking into account this assumption, the workspace is conformed by a set of
obstacles (objects) distributed on the environment, these objects has movement
restrictions, that mean that, the obstacles can not change their position inside
the environment.

In addition, an object that can move through the workspace is added to the
environment and is called robot. The robot can move through the workspace
using the free collision path to move from the initial configuration to the goal
configuration.

For PRM for free flying objects, only a robot can be defined and the workspace
can include any obstacles as the problem need.
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4.3 Simulating Free Collision Paths

PRMSs generate as result a free collision path between init and goal configurations
(if and only if the algorithm is able to find it). This path is a set of n config-
uration, where each configuration is represented as a six-tuple of parameters,
which the three first parameters represent the position an the three last values
represent the orientation. This free collision path is saved as a configuration -
file, and the number of configurations will determinate how acute will be the an-
imation. On the other hand, GEMPA include the capability to recover from

Environment File Configuration File
163
Robot 60492 -0.7257 -3.2830 2'333 g.g:g :.m:
robot, . 43334 -0.7601 -3.3466 § d ;
0.0 0‘;3%’;?:0 0.0 36292 -0.7945 -34102 20463 6.0791 4.1730
1.02000.007 1.20.8 29189 -0.8289 -34737 18578 60613 42153
2 22086 -0.8633 -35373 18692 6.0434 42575
14083 -0.8977 -3.6008 1.7807 6.0256 4.2997
Obstacle #1 07881 -09322 -36644 16922 60078 43420
bench_lamina_angosta_grande.txt 00778 -0.0666 -3.7280 1.6037 59900 4.3842
3.010800.00.000 06324 -1.0010 -3.7915 15152 58721 44264
13427 10354 -38551 14267 59543 44687
Obstacle #2 .20529 -1.0698 -3.9186 1.3382 58365 4.5108
bench_lamina_angosta_grande.txt
3.010-8.00.00.00.0
End

Fig. 6. In the left side, an example of environment file is showed, in the right side an
example of configuration file is presented.

an environment - file information about the position and orientation for each
object inside a workspace including the robot configuration. Hence, GEMPA
can draw each element to simulate the workspace associated. Therefore, initially
GEMPA can recover information about the workspace, an example of this file
can be see in Figure 6 (left side), environment - file include initial and goal
configuration for the robot, beside to include z,y,z parameter for position and
a, 3,7 parameters for orientation for every objects inside the wokspace. Along
whit this environment file, a configuration - file can also be loaded to gener-
ate the corresponding animation of the free collision path. This configuration -
file has the form presented in Figure 6 (right side). This file is conformed by
n six-tuples (z,x,y, @, 3,7) to represent each configuration included in the free
collision path.

Once GEMPA has recovered information about workspace and collision free
path, the tool allows the user to display the animation on three different modes.

Mode 1: Animation painting all configurations.

This modality paint every configuration from the free collision path. Each config-
uration is painted without clear the environment, that is, although visualization
seems confused, all configurations are painted at the same time. An example of
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this mode is presented in Figure 7 (left-side).

Mode 2: Animation painting configurations using a step control.

In these option, each configuration is painted after than previous configuration
has been deleted from the environment, avoiding two configuration can be over-
lapped during the animation. Besides, under this molality, each configuration is
painted manually when de user request it.

Mode 3: Animation using automatic step.

In this case, an automatic animation is displayed, showing one configuration at
time and using an automatic step. This mode is the most used when the user
need to generate a video of the simulation. An example of this mode can be seen
in Figure 7 (right-side).
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Fig. 7. Animation painting all configurations (left side), and animation using automatic
step (right side) are displayed.

5 Applications

The proposed tool can be used to simulate and/or to implement later practical
systems in different areas of computer science such as graphics, computational
geometry and robotics. Four cases will be described as initial GEMPA applica-
tions.

Simple Figures and Geometric Transformations.

Initially, GEMPA has been an effective one in classroom teaching. It not only
cuts down, significantly, on the instructor’s time and effort but also motivates
senior/graduate students to pursue work in this specific area of research. Impor-
tant results has been reach to explain computer graphics topics, where geometric
transformation are used to move, rotate or scale an object into a tree dimen-
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sional environment. An example of this application can bee seen in Figure 4.

Simulation OFF Environments.

Important benchmark in motion planning are defined using off - files, hence the
importance of managing and include this kind of files for objects representation.
It is important to say that off - files not only allow represent a triangle meshes,
this files also can use any polygon to represent an object. GEMPA provides the
capability of building environments using these different polygons.

Figure 8 shows a combination of TXT and OFF files objects to build a three
dimensional environment. Simulation Motion Planning Algorithms.
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Fig. 8. Graphic environment built using OFF and TXT - Meshes Files.

A basic problem of PRM were described in section 4.2. Actually, GEMPA only
can display animation for free flying objects problems defined on two-dimensional
and three-dimensional spaces. Nevertheless, we are working to integrate different
PRMs to GEMPA. In Figure 9 the free collision path to solve the problem is
painted using the animation painting all configurations mode. In similar way, a
3-D sample of motion plannig problem is presented in Figure 10.

6 Conclusions and Work in Progress

GEMPA is a 3-D visualization tool for simulation environments and problems
of PRMs (Probabilistic Roadmap Methods). This initial version of GEMPA was
developed for visualizing and editing motion planning environments and ani-
mate collision free paths. GEMPA offers a nice and easy to use graphical user
interface (GUI) that allows you to display workspace environments, path, and
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Fig.9. A complete free collision path is painted as an example of two-dimensional
motion planning problem.
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Fig. 10. 3-D Motion planning problem is displayed, where the collision free path is
painted as an animation mode (one configuration at time).

start/goal positions. It enables users to interact with the environment. For ex-
ample, it allows users manipulate objects configurations (or obstacles) and robot
configurations, save new environments to be able to work on them later.

There many interesting a useful functionalities to be added to GEMPA. Now,
this project is working on developed the follows goals.

Integration of PRMs to GEMPA. This will allows the user to generate so-
lutions for motion planning problems selecting between at least two different
techniques. Besides, GEMPA will be able to display the roadmap generated by
the selected method. This functionality will enable users to run new queries.
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Hence our tool will provides a convenient interface to select planners and set
their parameters.

Simulation of Collision Detection Algorithms. Collision detection is a fun-
damental problem in robotics, computer animation, physically-based modeling,
molecular modeling and computer-simulated environments. A realistic simula-
tion system, which couples geometric modeling and physical prototyping, can
provide a useful toolset for applications in robotics, CAD/CAM design, molecu-
lar modeling, manufacturing design simulations, etc. Due that motion planning
algorithms used collision detection routines to solve the problems, GEMPA is
developing a module capable to integrate a show the performance of collision
detection algorithms.

Visualization and control for Kinematic Chains. Important application of
robotics are related with articulated robots, these can be controlled using kine-
matic chains, applying forward and inverse kinematic to calculate them move-
ments. Therefore, further GEMPA version is going to contemplate functionalities
to manage this kind of robots, particularly forward and inverse kinematics for

humanoids representation.
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