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Abstract:

imum is a most intractable but is an encountered frequently problem in potential field based robot navigation.

A novel robot navigation algorithm with global path generation capability is presented. Local min-

Through appointing appropriately some virtual local targets on the journey, it can be solved effectively. The
key concept employed in this algorithm are the rules that govern when and how to appoint these virtual local
targets. When the robot finds itself in danger of local minimum, a virtual local target is appointed to replace
the global goal temporarily according to the rules. After the virtual target is reached, the robot continues on its
journey by heading towards the global goal. The algorithm prevents the robot from running into local minima

anymore . Simulation results showed that it is very effective in complex obstacle environments.
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INTRODUCTION

Autonomous navigation is one of the most im-
portant topics in the mobile robot area and can be
categorized into two parts: reactive navigation
(Haddad et al ., 1998) and path planning. The
first one is local path planning based and the
second one plans a path in the global workspace.
Local path planning is on-line obstacles avoid-
ance strategy using the environmental information
from its perceptual system and does not need a
prior model of the workspace, whereas global
path planning generates the overall path with
much prior information on the workspace. In the
global path planning area» A" algorithm
(Podsedkowski et al ., 1999) and potential-field
method (Wu et al ., 1995; Wang et al . » 2000)
are the most popular approaches used, wherein
the environment is usually divided into a number
of cells or grids. If the number of the grids is
small, the map will lose much information and it
may result in a poor path. If the number is too
big, the computational cost will increase fast and
real-time navigation is less efficient. Considering
these drawbacks, we presented a new vector field
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based path planning algorithm, which in fact is
an improved potential field method. In this algo-
rithm, an analytical rather than numerical solu-
tion was obtained for the field model, thus the
algorithm is computationally simple and can nav-
igate the robot in real time.

The potential field method is performed in an
iterative fashion; a robot moves in the direction
of the resultant of the attraction force pulling the
robot toward the goal, and the repulsive force
pushing the robot away from the obstacles. As
expected> the robot stops moving after reaching
the goal position. But unfortunately, it always
suffers from local minima where if trapped, the
robot will oscillate in the potential valley and no
finished path can be generated. This limits the
applicability of the potential-field approach.
Looking for a local-minimum-free solution has
become a central concern in this approach.

Various efforts have been made to overcom-
ing the local minimum problem. The two main
methods include: (1) establishing new potential
functions with a few or even no local minimas;
(2) use of certain techniques to escape from lo-
cal minima. Previous papers in the first category
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introduced some special potential functions to re-
duce the number of local minima. Rimon et al .
(1992) introduced a potential function, which
dealt with a sphere world. And a superquadratic
potential function was presented by Volpe et al .
(1990). Ge et al. (2000 proposed a new po-
tential field function for the problem of goals not
reachable with obstacles nearby, which ensures
the goal position is the global minimum of the to-
tal potential. Harmonic functions do not have lo-
cal minima were used as potential functions in
robot navigation ( Connolly, 1992 ),
computationally expensive.

Previous works in the second category in-
clude random walk, wall following, and other
heuristic methods. The random walk method re-
quires walking in many directions before escaping
from a local minimum. Janabi-Sharifi et al.
(1993) introduced Simulated Annealing tech-
nique to search in random motion directions to
escape from local minima when trapped. Wall
following method steers the robot to follow the

but are

current obstacle contour when trapped in a local
1989; Yun et

But the algorithm may generate

minimum ( Borenstein et al. >
1997).

false local minima and result in indefinite loops

al.7

even in very simple environment.

Also some other heuristic methods ( Chang,
1996; Liu et al.> 2000; Singh et al., 1996)
were developed to escape from the local minima.
Liu integrated virtual obstacle concept with a po-
tential field method. When the robot is trapped
in undesired local minimum, a fuzzy tracking
controllers which adds a fictitious force around
the obstacle; is employed to escape the trap-
ping.

Nevertheless, the solutions are usually limit-
ed to given or simple obstacle; and are difficult
to be employed in complex environments. In this
papers we try to develop an algorithm that can
navigate in indefinite and complex obstacle envi-
ronments where obstacles are assumed to be rect-
angular.

Our extensive experimentation showed that
the local minima usually occur at positions close
to the obstacles. If the obstacles are too close,
the possibility that they form a local minimum
will increase rapidly. We introduce the concept
of virtual local target, which replaces the global
target as the current goal. In the navigation,
when a new obstacle is detected to come into the

check-range (an area around the robot), a pos-
sible local minimum exists. Then a virtual local
target will be appointed according to the rules to
replace the global goal. After this local target is
reached, the global goal resumes and this pro-
cess will be repeated until the robot reaches the
global goal. Eight models were summarized for
possible local minimum checking. And rules for
appointing the virtual local target have been set
up> which ensures that the new generated path is
free from local minima and is as short as possi-

ble.

LOCAL MINIMUM PROBLEM

1. Local minimum example

A simulation result using the standard poten-
tial field method in an environment with two ob-
stacles is shown in Fig. 1, which can illustrate
the local minimum problem. In this figure, S is
the current position and G is the global goal posi-
tion, the two obstacles are zero distance to each
other; the curve labeled with number are con-
tours of the magnitude of the force in the poten-
tial field. We can find that the robot is trapped
in a local minimum, which exists on the zero-
force position. The path oscillates in this poten-
tial valley around the local minimum. A finished
path cannot be generated, i.e., the standard
potential field method fails in such an environ-

ment.
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Fig.1 A local minimum example
B S, the current position; ® G, the global goal position;

A, B: obstacles

2. Obstacle environment with local minimum

Extensive experimentations were made in
various environments. As shown in Fig.2, eight
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models, which are local minimum susceptible are
summarized for successional operation. There are
two rectangular obstacles (H and V) in every
environment the distance between them is zero,
and they together make up of another right-angle-
shaped obstacle. The line between the current
position S and the global goal G (SG) intersects
an obstacle H or V, which is close to S. When
two obstacles are too close to each other; there
will be no path through them. Thus if the dis-
tance between two obstacles is smaller than twice
the diameter of the robot; it is regarded to be ze-
ro and then the obstacles are matched with one of
those models in the figure.
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Fig.2 Eight right-angle-shaped obstacle models for
local minimum detection
(a)(b)(e)(d): line SG intersect with H
(eX()(g)(h):line SG interesct with V

od
E\o

If the robot runs into such environments as
shown in the figure; a local minimum is very
likely to occur. A novel algorithm integrating the
concept of virtual local target and the potential
field navigation method is presented to solve this
intractable problem. The concept will be illus-
trated in the next section.

Notice that usually there are three types of
local-minimum-generating bench
corner ( right-angle-shaped > and dead-end
(Podsedkowski et al.,» 1999). The first one is
easy to be solved and the third one can be de-
composed into two corner ones.

obstacles:

RULES BASED VIRTUAL LOCAL TARGET METHOD

In this section, we explain the concept of
virtual local target and the rules governing when
and how to appoint the targets.

For checking the position whether it is in
danger of local minimum, the distance of the
robot to the obstacle and the distance between
the obstacles need to be calculated.

1. Distance between obstacles

The distance between two obstacles is calcu-
lated as follows:

First find the obstacle with bigger coordinate
y Cya, in Fig. 3D, label it A, the other B; cal-
culate the distance in the Y-axis direction:

dy= max(0s y,_ —yp, )

Alsos calculate the distance in the X-axis
direction:
dy= max(0, x,_ — xp, )

d = mll’l( d]’ dz)
d is defined to be the distance between these
two obstacles.
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Fig.3 Distance between obstacles

2. Distance of the robot to obstacle

As have been mentioneds the local minimum
often occurs at the location near the obstacles.
When the robot moves to the location, which is
less than a threshold D, away from the obstacle
checking must be done to see if it is in danger of
local minimum according to the models stated in
Section 2. To make the computation simple, we
define the distance of the robot to an obstacle as
the smaller one of the distances along the X-axis
and Y- axis:

a. If xg_ <xp<xg,> d,=0; else
d,=min( | xp — xg, |» lag—2xg_1)
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b. If yo_ < yr< y0.> d,=0; else
d}.ZII]jH(IyR—yO+|’ IyR_yO—l)
c. dyo=max(d,, d,)

3. Concept of virtual local target

Fig. 4 shows an environment similar to the
one in Fig.1. There exists a local minimum near
the intersection of the two obstacles. In this fig-
ure, Dy is the diameter of the robot. VT is the
virtual local target we introduce, and is on the
left end of obstacle ABCD> which intersects line
SG. And the other obstacle is on the direction
opposite to the virtual local target. Point VT is
Dy to border CD in the direction of the Y-axis
and 3 Dy to border AD in the direction of the X-

axis.

Y
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Fig.4 Vivtual local target concept

When the robot finds itself in such an envi-
ronment, the current goal G will be replaced by
the new virtual local target VI'. A path from the
current position to the new temporary goal will be
generated, using the potential field navigation al-
gorithm. When it reaches this goal, the robot
will continue on its journey by heading towards
the global goal G.

4. Rules for appointing the virtual local target

(1) Local minimum detection

When the distance of the robot to a new de-
tected obstacle is smaller than a threshold Ds,
assumed here to be five times the diameter of the
robot (which is correlated to the field model pa-
rameters; if there is no wide gap between the co-
efficients of the attractive and repulsive fields,
this selection is appropriate ), a possible local
minimum exists> then the nearby obstacles envi-
ronment should be checked. New means that the
obstacle has not been checked and that it must
be in the direction of the motion. Calculate the

distance of the obstacle to “ past-ones” if the
distance is smaller than twice the diameter of the
robot, match the composite obstacle, which is
composed by the new detected obstacle and the
past-one, with one right-angle-shaped obstacle
model in Fig.2.

(2) Look-back strategy

Here we illustrate the concept of “ past-ones”
in Part (1). For example, if the robot moves
southeast, “ past-ones” are the obstacles in the
west and north directions. This concept we call
look-back strategy, which ensures that the robot
does not navigate back to past journeys. When
more than one right-angle-shaped obstacle are
formed, the one near the current position should
be selected.

(3) How to appoint the position of virtual lo-
cal target

Below are the rules for appointing the virtual
local target in the eight models in Fig.2:

1) If line SG intersects obstacle H, and if
obstacle V is on the right of H (model Fig. 2b
and Fig. 2d), appoint the virtual local target VT
on the left of H Cas shown in Fig.4), else if V
is on the left of H (model Fig. 2a and Fig. 2¢),
locate the target on the right of H.

2) If line SG intersects obstacle V, and if
obstacle H is on top of V(model Fig. 2g and
Fig. 2h), appoint the virtual local target below
V, else if H is below V(model Fig. 2e and Fig.
2f), locate the target on the top of V.

3) If line SG intersects both H and V, no
virtual local target need be appointed.

4) Avoid-past rule: If the virtual local target
appointed according to the above rules is in the
opposite direction of motion Con the end of obsta-
cle H/V), it should be changed to the end of the
other obstacle Con the end of obstacle V/H).

5. Nesting of virtual local target

One of the dead-end obstacles is like the one
shown in Fig.5, which has only a narrow chan-
nel at one end. It cannot be dealt with in tradi-
tional way (Podsedkowski et al ., 1999) . Virtu-
al local target concept is adopted to solve this
problems but the operation should be carried out
in a nesting way .
after the robot starts
from S, when it finds obstacle 1 coming into the

In this environment.

local minimum detection area, virtual local target
VT1 is appointed according to the rules stated
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above. But on the journey to this target> the
robot finds another new obstacle 2. VT1 obvious-
ly cannot be reached currently. A nesting strate-
gy is adopted to avoid local minima in such a
scenario.
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Fig.5 Avoiding local minima in a dead-end type ob-
stacle

A stack is defined to preserve the un-reached
virtual local minima. In this example, VTI1 is
pushed into the stack for obstacle 2, and then
VT2 is pushed into the stack for obstacle 3. But
VT3 can be reached directly and need not be
pushed into the stack.

Define two directions at the currently reached
virtual target: one is from the un-reached virtual
target on the stack top to this reached target> and
the other is from this reached target to the global
target. The corner from the first direction turning
to the second one according to the rule stated be-
low is defined as the target corner.

Turning rule: If the nearest obstacle is on the
left of robot, turning direction is counter-clock-
wise. And if it is on the right of the robot, turn-
ing direction is clockwise.

When VT3 is reached, such target corner is
defined a; which is from line (VI2—VT3) to
line (VT3—>G) as shown in Fig.5.

Stack operation rule: If a virtual local target
cannot be reached for the moment, it is pushed
into the target stack. And if there is any target in
the stack, when a virtual local target is reached,
pop the target on the stack top and check the tar-
get corner a at current position. If a is greater
than 7> the popped virtual local target should be
resumed, otherwise the global goal should be re-
sumed . In this example, VT2 is resumed at loca-
tion VI3, and VTI1 is resumed at location VI2.

This nesting method navigates the robot in
such a dead-end obstacle environment, free from
any local minimum. The path generated using

the method is shown in Fig. 5.

6. Local minimum avoidance for bench obstacle

When the encountered obstacle is bench type

one ( as mentioned in Podsedkowski et al.>

1999,
than the threshold, appoint one virtual local tar-
get on one of the two ends of the obstacle similar

whose distance to the robot is smaller

to operating in Fig.4.
APPLICATION

In order to verify the algorithm’ s ability to
tackle the local minimum problem in potential field
robot navigation, many simulations have been made
in environments with local minima; here are two of
them. The navigation simulations are carried out
using Matlab 5.3 software package on PC with Pen-
tium TIT 550 CPU and 128M RAM.

Fig.6 and Fig.7 are the robot paths generat-
ed using different algorithms in the same envir-
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Fig.6 Path generated using standard potential field
algorithm
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Fig.7 Path generated using virtual local target con-
cept (1 —17, obstacles)

onment with the same field model parameters. In
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Fig.6, standard potential field navigation algo-
rithm is used. It can be seen that the robot gets
rapidly trapped in a local minimum. In Fig. 7,
the navigation algorithm presented in this paper
is applied. Some virtual local targets are ap-
pointed to generate the finished path. When the
robot starts at position S, it finds itself in a right-
angle-shaped obstacle environment, which is
formed by obstacle 12 and obstacle 13. Accord-
ing to the virtual local target concept and the
rules, a temporary goal on the left of obstacle 12
is appointed to replace the global goal. When it
arrives at this target, the global goal resumes and
the robot continues on its journey by heading to-
wards the global goal. This process is repeated
until the robot reaches goal G.

Robot navigation in a more complex environ-
ment with maze-like obstacles using this algo-
rithm is shown in Fig. 8. It can be seen that the
path is safe and short.
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Fig.8 Path generated in a maze-like environment

CONCLUSIONS

In this work, a frequently encountered prob-
lem; local minimum in potential field robot navi-
gation method was studied thoroughly. Eight en-
vironment models, which are local-minimum sus-
pectable are summarized. The virtual local target
concept is proposed to solve this intractable prob-
lem and rules are presented to direct appointing
this target position appropriately. Simulation re-
sults proved the validity of this algorithm. But it
can be seen in the results that there is a sharp
turning at the virtual local target position. When
steering the robot, these turnings can be com-
pleted in several steps.

Also the presented algorithm is computation-

ally simple and appropriate for real-time naviga-
tion.
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