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ABSTRACT

In this paper a new simulation environment to develop
robotic groups’ control is introduced. The simulation
scenarios comprise robots and obstacles as the physical
elements to be simulated. While in other environments for
robotic groups, the interaction between these objects are
defined and managed in the simulation environment core,
in the new environment the interaction mechanism
between elements is included in the elements themselves,
not in the simulation core, so new interactions can be
easily modeled and included when needed. Also, using
the simulation environment we develop a control method
for group robotics introducing a particular approach to the
potential field methods: the robots are able to distinguish
between several types of fields.
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1. Introduction

There is a significant research activity about groups of
robots, with many interesting aspects [1..3]. One of the
most important issues is navigation of robot groups in
scenarios with obstacles [4].

In our case, the research about mobile robot groups
started some years ago, and it included recently the
consideration of potential field methods for navigation
control design, as a promising technique. This approach
has advantages of flexibility and moderate calculation
efforts.

The topic of potential fields has a good support in
textbooks like [5]. In addition, there are many research
papers on this, as reviewed in [6]. The issue is frequently
re-visited for several specific purposes, such in [7] for
high-speed unmanned vehicles. In particular, since our
interest focuses on groups of robots, it is pertinent to cite
[8] that uses social potentials, and [9] about motion
planning of robot collectives. Potentials are also
considered for grouping and formations of robots [10..12].

Our proposal is to make the robots distinguish among
several potentials that have influence in its particular
location. In this way, important advantages are obtained
compared with the conventional view: to have the robots
know only the sum of potentials.

Let us note that the human-robot interaction is a key topic
for the future [13]. In this context, our approach is useful
to allow for the human intervention through virtual fields.

The interest of simulation environments for robot
navigation studies is clear, since real experiments with
mobile robots are expensive and time consuming. In this
paper a new simulation environment is proposed, which is
able to easily handle groups of robots, and that integrates
the wuse of several potential fields which are
distinguishable by the robots.

The paper begins with a short description of our research,
and then focuses on the presentation of the new
simulation environment, with particular detail in another
section about the potential fields.

2. Research Statement

In our laboratory a group of 12 medium size mobile
robots has been built for experimental investigation with
groups of robots. Figure 1 shows a photograph of the
robots.

Figure 1 - Some of the robots available for real
experiments.



Typically the robots navigate in scenarios with obstacles.
In this paper, both robots and obstacles are considered as
elements of the scenarios.

Some topics of interest for the experimental research is
robot cooperation in missions such planetary exploration,
harvesting, surveillance and rescue, etc. There are cases
where a certain grouping of the robots is to be kept,
perhaps as a formation.

In general a main objective of mobile robot research is to
establish proper on-board control for the robot navigation.
The experimental test of the control solutions takes a lot
of time and resources. It is good to have a computer
simulation alternative, to rapidly test robot behaviour and
so allowing for a previous selection of control candidates
before real experiments.

In view of our interest on robot groups, we decided to
develop a simulation environment to easily analyse
navigation control alternatives for groups of mobile robots
in scenarios with obstacles.

In previous steps of our research, classical basic robot
navigation problems were studied. It was noticed that
usual simulation tools were able to manage the navigation
of robot groups when the on-board logic is mainly
reactive. However, when more complex control strategies
are to be studied, perhaps including virtual elements, then
a new simulation environment was required, to get full
control of the element interaction and information
exchange processes.

The main characteristics of the new simulation
environment are the use of a robot construction metaphor,
and the use of a distinguishable set of potentials. Let us
give more details in the next two sections.

3. The New Simulation Environment

The new simulation environment can manage groups of
similar or different robots, scenario objects such as walls
or pillars, communication channels with it’s own
properties and any other object that can interact by means
of implicit data interchange.

Figure 2 shows the main screen of the simulation
environment. A 3D animated view of the experiment
scenario, with the robots and obstacles, is offered. Along
the experiments the user has access to the internal data of
all elements. There are a set of facilities to define and
control experiments, and to record and to analyse the
results. The robots can be modified during the simulation
in an interactive way.

Figure 2 - A view of the simulation environment

The way that the robots are build in the simulation
environment mimics the way that a real robot is build.
The different parts of the robot were available as
independent code blocks that have to be added to a main
robot framework. Each part include its own physical
simulation and the implicit data exchange necessary for
the interactions with other scenario objects. The logic that
guides the robot has to be also implemented in the main
framework of the robot so it rules the relations between
the data gathered by its sensors and the orders given to its
actuators.

Given that each part of the robot is responsible of its own
simulation and data exchange as we can see in the Figure
3, the simulation core has no role in the interaction
management, so we can easily model any interaction that
we need without the need to modify the simulation core
neither any other object not related to the interaction. This
gives us independence on which interactions we want to
consider and how do they behave.
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Figure 3 - The interactions are based on implicit data
exchange between elements

The same procedure to build a robot in the simulation is
applied to build any other object. In fact there is no
difference for the simulation core between a robot and any
other element of the simulation. The difference remains in
the different parts that were added to the main framework
of the element. All the basic actions can be described as
interactions, for example the movement of a robot is an
interaction between the motor simulator part and the
global position part attached to the robot. The way that
the interactions works is common to all elements in the
simulation, the same code block for an interaction can be
used by any element.



4. Potentials

As an interesting approach for navigation control design,
a set of potential fields can be included and studied in the
new simulation environment. The way that the potential
fields were simulated in our environment follows the
general interaction mechanism shown in the Figure 4.
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Figure 4 - Data exchange between field sensor and
field source.

Each element that acts as a field source, has attached a
code block that represents the field. Each element that has
to sense the field, has attached a code block that acts as a
field sensor. The sensor is modelled such that when a
reading is needed, the sensor code block access each field
source code block in the scenario asking for its field
influence at the given sensor position. That allows us to
have a variety of different field sources, each one with its
own field function depending on our needs. The fact that
each field sensor is the responsible to calculate the field at
his position also permit us to have variable fields, were
the field form depends in external parameters, without the
need of include anything else in any other element of the
simulation neither the sensors or the other field sources.

The fields used in our simulations were basic polynomial
fields inspired in the gravimetric or electronic potential
fields as the potentials shown in 3D in Figure 5.

Figure 5 - Atractive and repulsive fields
using 1/r® and r? laws

Classic use of potentials

The potential field methods have old roots in robotics.
Introduced as imaginary forces by [14] for manipulators

and later by [15] for mobile robots, the method had a
good welcome because of its simplicity and elegance. The
virtual forces or potential fields are intuitive and can be
easily modelled and visualized. They can be added to
create more complex representations. The main uses of
potential field methods in mobile robotics have been
obstacle avoidance and target following.

In obstacle avoidance using potential field methods, the
robot senses each obstacle in the scenario as repulsive, so
the robot can follow a trajectory tangent to the field
gradient near obstacles in order to avoid them.

If a target to be reached is also added to the scenario, as
an attractor, the logic for the robot is simple. The robot
only needs to follow the gradient vector corresponding to
the combined attractor and repulsive fields that exist in
the scenario.

Nowadays the potential field methods are also used in
group robotics as a way to keep a formation. In this
application each robot feel an attraction to the other robot
of the formation when they are far enough and a repulsion
when they are too near. This combination keeps the robot
in its place of the formation in a similar way as the atoms
keeps in place in a crystal, Figure 6.
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Figure 6 — A grouping field result from the
combination of an attractor and a repulsion.

But the classical potential field methods have inherent
limitations as it was remarked by [16] and others. The
combination of attractors and repulsions in the same
scenario cause local minima that are traps from were the
robot is unable to get out.

In order to avoid those problems some proposals have
been done: adding virtual inertia to the robots so they can
get out of the local minima, or generating fields based on
virtual conductivity, thermal gradients, etc.

The problem with the local minima and other field traps
increases if you also add potentials for robot formation.
This potential must then be combined with the potentials
of attractors and repulsive obstacles. The resulting field
can be too complicated because the local minima were
also moving and can appear and disappear as the group of
robots moves.



Usually when the potential field methods are used to
maintain a formation, the obstacles are avoided by other
means.

—

Figure 7 — The resulting field in a scenario with all the
sources of the same kind

In general the difficulties in the use of potential fields are
related to the same cause: that the robot sees just the result
of adding different types of potentials. Figure 7 shows an
example of how complicated the added potential can be.

Our approach to the use of potentials

Considering the problem just highlighted, the approach in
our case takes into account each of the fields acting on the
location of interest, to build the control laws according
with this information. That s, the fields are
distinguished.. Figure 8 shows an example of two
potential fields, one is the attractor to a goal and the other
is the field associated to an obstacle, the robot navigating
in the scenario distinguish both potentials.
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ure 8 — An obstacle and a oal. Each one has a
different kind of field so a robot can
distinguish each contribution.

The first reason to do distinguish the source of the fields
was to recognise the attraction fields from the repulsive
ones in order to avoid the local minima. Also, working
with groups of robots, it is useful to distinguish between
the fields attached to a ground obstacle that will not move
and the fields derived form other robots that will probably
move.

Following this reasoning we use in our experiments four
different kind of fields; the repulsion field derived form
terrain obstacles, the attraction fields derived from the
final and partial objectives, the repulsion fields derived
from other robots and the formation field, with its local
minima, were the robots belongs.

With those four kinds of fields we can then develop
control laws for our robots that can consider which field
or fields have a bigger relevance each time. So they can
react to solve the problem ahead without interference of
the contributions of other fields.

A classical situation where a local minimum traps the
robot is when between the attractive field of the goal and
the robot there is an extensive obstacle, such as a wall.
This generates a local minima at the side of the wall were
the robot is located. If the robot moves following the
unified field it will be trapped in the local minimum as it
can be seen in the left hand of Figure 9. In our approach
the robot can follow the attractive field of the goal till the
value of the repulsive field reaches a preset value, then the
robot switches its control law so it follows the perimeter
of the wall until the direction to the goal is again available
and do not opposes the repulsive field of the wall as
shown at the right hand of Figure 9.
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Figure 9 — Two strategies. The one on the left, using a
single unified field, traps the robot. The right one,
using two different field kinds, avoids the obstacle.

With the use of distinguishable potential fields, the
emulated sensors can feel the lower contributions of a
distant field and its gradient vector without interference of
more powerful fields. This ability to distinguish lower
field contributions is used to add predictive capabilities to
the control, so it is possible the adaptation of potential
field navigation to robots with restrictions in their
movement, as the non-holonomic ones.



Virtual fields

Virtual fields can be added to the simulated scenario, with
several purposes. For instance, to show the available paths
for each single robot, and then mark where these paths
collapse or narrows to a point where the formation will
have to split. Another kind of virtual fields may act as
obstacles in the critical points were the curvature of the
paths were out of the limitations of the non-holonomic
robots; in this way a new viable path will be found.

5. Experiments

The initial tests with the simulation environment and the
control laws based on the distinguishable fields focused
on comparing the behaviour of a single robot when using
a unified field, and our multiple fields approach in simple
situations as the case shown in Figure 9. The results have
been already commented: when reaching the obstacle,
because of the local minimum the classical approach
guides the robot to a trap while our approach is not
affected because no local minima exist for it.

When working with a group of robots in a scenario with
obstacles we can observe all the fields in action. The
repulsive fields guides the robots around the obstacles, the
goal attract them, the formation field keep them in a group
or rejoin when they are not together and the robot field
keep them from mutual colliding.

Figure 10 — A complete scenario with all its fields.

We can see a complete scenario with a group of robots
moving towards a goal while keeping themselves in a
group in the Figure 10, were we can see the different field
representations. The evolution of the group along time on
this scenario is shown on Figures 11-14. Beginning in
distant positions, the individual robots move together to
form a close group. While moving as a group towards the
goal, an obstacle splits the formation into two subgroups.
Once the obstacle was overcome the robots move again to
form one group. Finally they reach the goal all together.
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Figures 11,12,13,14 — Evolution of a group of robots
along time in the scenario with formation field,
obstacles and goal.

One advantage on using potential field methods for group
formation combined with potential field methods for
obstacle avoidance is that the reconfiguration of the group
is done in a dynamic way while moving towards the goal
without need to enter an specific state or routine were the
robots reconfigure their formation. As we can see in the
images on Figures 11-14 the robots keeps moving towards
the goal while they join in a group.

6. Conclusion

In this paper a simulation environment, with a peculiar
interaction mechanism has been introduced. This
interaction mechanism allows for the study of the
different factors that affect the navigation of one or
several robots. The independence of the interactions
processes from the simulation core paves the way for the
addition of new, no previously included in the simulation
core, characteristics in the interactions between elements.
The ability to include new interaction processes, real and
virtual, have made possible to design and test several new
control strategies on board the robots.



From the point of view of the potential field approach for
robot navigation, the paper provides a solution to some of
the usual problems found in this technique. This approach
has proved to make possible the use of potential field
methods in scenarios were terrain obstacles, goals and
robot formations coexist.

The potential fields’ method presents the strength and
elegance of smooth continuous systems. By means of
virtual fields, it is now possible to introduce a human
operator influence to control the robots in an intuitive
way.

With the new simulation environment we plan to perform
hybrid experiments were part of the scenario is performed
by real robots while other part is pure virtual and
simulated.

Part of the future work about the distinguishable potential
field method includes a deeper analysis for non-
holonomic robots path planning, making and extensive
use of the simulation environment.
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