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Abstract

The paper introduces a new approach for using
potentials in the context of mobile robot navigation. The
conventional method for potentials is to add up several
potentials, and use the result for navigation control. Our
proposal is not to add the potentials, but to discern between
the set of potentials that are relevant for the local conditions
of the robot in each moment, and let the robot decide
according with on-board logics. This approach allows for
easy consideration of several factors, increasing the
behaviour richness step by step. It paves the way to govern
the navigation of robot groups in a simple manner. The
paper shows examples of the method application, starting
from single robots, which are able to avoid the typical
difficulties of potentials, and ending with robot groups and
formations.

1. Introduction

The potentials approach for robot navigation is
conceptually simple and elegant. It assigns a potential to the
target, so the target attracts the robots, and also assigns
repulsive potentials to the obstacles to avoid collisions.
Likewise other potentials may be considered. In the end, the
conventional approach computes a weighted sum of all
potentials, and this is used to control the robot navigation.

In this paper a new approach is introduced. The idea is
that robots discern several pertinent potentials, as they move
in a scenario. The robots take decisions according with on-
board logic, taking into consideration several aspects
(several potentials) and not just one.

From years ago, our research focuses on groups of
mobile robots. The potentials methodology was judged as
convenient, given that we were able to avoid the traditional
difficulties of the potentials approach, and that it was
possible to find satisfactory extensions of the concept for
robot groups.

The new multiple potentials method paves the way for
an incremental development of robot logic. We started with
the navigation of single robots, and then we entered into the
problems of robot group navigation. The transition was easy,
since it suffices to add some new potentials. The method
seems to be flexible enough to consider physical or virtual
links, such as the case of robot formations.

The topic of artificial potential fields has an impressive
extension, consolidated in textbooks like [1..4]. There are
several reviews of the research on the topic [5..7].
Adaptations to specific purposes appear frequently, like in
[8] for high-speed unmanned vehicles, etc.

The case of robot groups attracts a lot of research interest
[9..12]. A main issue is navigation of robot groups in
scenarios with obstacles [13].

Since our aim refers to potential fields applied to robot
collectives, let us quote in particular the literature on this
point. In 1993 it was shown by [14] that the complexity of
determining the dynamics of an n-body potential system is
polynomial space hard. Social potential fields were
introduced in [15, 16] for mobile robot formations, [17, 18]
continue and extend the concept. The issue of mutual
collision avoidance in robot teams appears in [19..21]. Some
interesting application examples are [22] on exploration,
[23] on robot soccer (there is a lot of literature about this),
[24] on target tracking, and [25] on search and rescue.

Let us note that human-robot interaction is an important
topic [26], and that our approach opens a channel for human
intervention through virtual fields.

The paper begins with a short description of our research
context, then there is a section to introduce the new
approach; this is followed by a section where the single
robot is considered, and there is another section devoted to
robot groups in scenarios with obstacles. The paper ends
with some conclusions and a look to the future research.

2. Research Context

Let us describe some traits of our recent research about
robot groups.

Our main target is marine surface robotics. The idea is to
put a computer in the ship bridge that can take control of the
ship under captain supervision. We can say that the ship
becomes robotized. The computer communicates with other
robotized ships. We consider marine operations where the
coordination of several ships is required, like in search and
rescue operations. In the future there would be unmanned
ships to cooperate with the other ships.

Our studies begin in simulation and then are verified
with experiments. We use scaled ships with embedded
computerized control systems. However, since experiments



are difficult and time consuming, we decided to build a team
of terrestrial mobile robots to test the same procedures as in
ships. We made 12 mobile carts. Figure 1 shows a
photograph of some of them. Once a good procedure has
been developed and tested in simulation, this is tested with
the carts, and with the convenient improvements and
adaptations it is experimented with the scaled ships.

Figure 1. Several robots used for experiments

A simulation environment was developed in order to
include several potentials, and see with animated graphics
the behavior of robot groups. Figure 2 shows the main
screen of the simulation environment.

i

ot e 2|

Figure 2. The simulation environment

The simulation is based on a robot construction
metaphor: the user chooses pieces from menus, like sensors
and actuators, and “builds” the robots. The pieces include
their specific behaviors.

3. The New Approach

The conventional application of potentials [27] in
robotics makes use of a single potential. But in practice
problems appear, as it was identified in [28]. An important
difficulty is that the potential can have local minima where
the robot is trapped.

In general there are two main basic situations. One is the
path planning for the robot (or robot group) motion, which
has to reach a target, and has to avoid obstacles and traps.
This is usually an off-line task with a global scenario [29].
The other situation is the actual navigation, with on-line
decisions. Such is the case of avoiding moving obstacles, or
navigating in unknown terrains. This paper is oriented
towards the second situation.

The problem with the local minima increases if you also
add potentials for robot formation or grouping. This field,
combined with the others, causes a total field which is
complicated, with local minima that also move as the group
of robots moves.

The difficulties in the use of potential fields are in part
related with the same cause: that the robot just sees the total
field.

Our new proposal is to distinguish all the fields acting
on the location of interest, and to build robot control laws
according with this information.

Figure 3 shows an example of two potential fields: one
is the target attractor and the other is assigned to an obstacle.
Our robot navigating in this scenario does discern both
potentials.

Figure 3. Potential fields of the target and an obstacle

Wit our approach, the robot will recognize the target
potential and the obstacle potential, and it will use this
knowledge to avoid local minima. Likewise, in the case of
robot groups, it is useful to discern between the fields
attached to fixed obstacles and the fields derived from other
robots that would be probably moving.

According with this view, we use in our experiments
four types of fields: the repulsion field of fixed obstacles,
the attraction to the target, repulsion fields from other robots,
and a formation field.

The robots consider which field or fields are more
relevant each time, during navigation.

The new approach is open to the consideration of other
fields, such as virtual fields that allow for human interaction
with the robots navigation.



4. A Single Robot

The initial tests of the new approach started with a single
robot and simple cases.

A typical situation where a local minimum traps the
robot is caused by a wall between the robot and the target.
With the conventional approach, this generates a local
minimum of the total potential at the robot side. On the left
hand of Figure 4 there is a top view representation of this
case (the robot is represented with a triangle).

Figure 4. A single robot towards a target, and a wall in between

With the new approach the robot can follow the target
attractive field till the value of the repulsive field reaches a
preset value. Then the robot switches its control law, so it
moves tangent to the wall potential until the direct path to
the target appears.

The right hand of Figure 4 shows what happens when
the robot uses the new approach.

Figure 5 shows, from the point of view of the robot, the
potentials it sees along its motion in the previous example.
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Figure 5. The potentials seen by the robot in the previous
example

Included in the new approach is that the robot speed is
modulated by the field values and their relative orientations
with respect to the robot attitude.

5. ARobot Group

Suppose there is a group of robots. It is desired that the
group moves to a target, keeping all robots together as a
group although there are obstacles in the path to the target.

This is not a simple issue, since collisions between
robots must be avoided. In addition motion blocking could
happen, and this should be also avoided.

As logical continuation of our new approach, a third
field is added to the two fields already defined for the single
robot. Denote this field as robot field. Thus, each robot
considers three fields: the target field, the obstacle field, and
the robot field.

The robot field consists of a combination of an attractive
field and a repulsive field. This is expressed by the
following equation:

fR:a\/F+% 1)
r

Figure 6 shows an example of robot field. It works both
as a far attractive force and as a near repulsive force. Each
robot is a source of this type of field. Following the gradient
of the field, it will guide us to a local minimum around a
robot, but not very near. This concept is inspired in the
interaction energy of molecules in a solid.
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Figure 6. An example of robot field.

A few rules are added to the robot on-board logic, stating
that when the robot field is low enough the robot will move
to the target, but if the robot field is high the robot will
return to the group.

Let us define an scenario with a group of robots, an
obstacle, and a target. Figure 7 shows the fields
corresponding to this scenario. The obstacle field guides the
robot around it, the target field attracts the robots, the robot
field keeps the group or rejoins it while avoiding mutual
collisions.



Figure 7. The fields in an scenario with a group of robots, a
target and one obstacle in between.

The next figures 8..11 shows a sequence of snapshots
along the motion of the robot group in the scenario just
described.

The experiment begins with the individual robots
approaching together, from initial conditions, to constitute a
group. They are far from the obstacle, and the target attracts
the group. Figure 8 shows this initial evolution.
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Figure 8. Beginning of an experiment

While moving as a group towards the target an obstacle
appears. The group is split into two subgroups. In this
circumstance, the obstacle field is more relevant that the
robot field. Figure 9 shows the reaction of the group in
response to the obstacle.
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Figure 9. The group splits into two

Once the obstacle is overcome, the robots group together,
as shown in Figure 10.
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Figure 10. The group rejoins

Finally, the robot group reaches the target, as shown in
Figure 11.
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Figure 11. The group reaches the target

Notice that the reconfiguration of the group is
dynamically done while the robots keep moving. There is no
need to enter a specific state or routine to reconfigure the

group.
6. Preliminary Application to Formations

Extending the idea of molecular bonding, it is interesting
to observe that there exist different crystallization patterns.

In order to create specific geometrical patterns in a robot
group, we decided to separate the two components of the
robot field.

In consequence there are four fields: the target field, the
obstacle field, a repulsive robot field, and an attractive
formation field.

The reason for not simply considering a robot as an
obstacle, is that obstacle must always be surrounded, but in
the case of a moving robot blocking your way it is enough to
decrease momentarily the speed and let the blocking robot to
move away.

The new formation field works as a reference for the
robots that tells them where to be located. It is formulated in
such a way that it has a zone of local minima that promotes
the formation geometry. Figure 12 shows two examples of
the formation field. On top is a formulation for an in-line
formation (forming a queue). Below is a potential for a
circular formation. In this last case, the idea is to delineate a
circular valley.
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Figure 12. Examples of formation potentials

The formation field is not attached to any of the robots,
or to any other element of the scenario. It adopts the idea of
the virtual leader, and is placed at the center of mass of the
formation, and it is oriented towards the target.

Several formation types and scenarios have been already
tested in a preliminary study. Let us show some initial
interesting results.

Figure 13 shows a front-line formation during a soft
turning.
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Figure 13. Front-line formation turning

Figure 14 shows the front-line formation crossing an

obstacle.
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Figure 14. Front-line formation and an obstacle

Figure 15 shows a circular formation during a soft
turning.
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Figure 15. Circular formation turning

7. Conclusion

A new method was proposed for the use of potentials in
robot navigation. Instead of the conventional use of a single
total field, our approach discern between several fields so
the robot on-board logic has more flexibility and, in
particular, can avoid traps due to local minima.

The paper gradually introduces several types of fields,
including examples to visualize their use. It was shown that
robot groups are kept together while navigating towards a
target in the presence of obstacles. As a preliminary result, it
was also shown that this seems to be extensible to
formations.



The new multiple potential method inherits the strength
and elegance of the general concept of potential field. We
consider that the new approach opens a window for the
human intervention by means of added virtual fields.

Part of the future work is experimental, using in a first
step mobile carts, and then scaled autonomous ships in
marine scenarios requiring ship cooperation.
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