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Abstract: The potential �eld method is widely used for autonomous mobile robot

path planning due to its elegant mathematical analysis and simplicity. However,

most researches were focused on solving the motion planning problem in a stationary

environment, where both targets and obstacles are stationary. This paper proposes

a new potential �eld method for motion planning of mobile robots in a dynamic

environment where the target and obstacles are moving. Firstly, the new potential

function and the corresponding virtual force are de�ned. Then, an on-line motion

planning algorithm based on the new potential �eld method is presented. Finally,

computer simulation is used to demonstrate the e�ectiveness of the dynamic motion

planning scheme based on the new potential �eld method.
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1 INTRODUCTION

The potential �eld method has been studied ex-

tensively for autonomous mobile robot path plan-

ning in the past decade [1]-[14]. The basic idea

of the potential �eld method is to �ll the robot's

workspace with an arti�cial potential �eld in

which the robot is attracted to its target position

and is repulsed away from the obstacles [1]. This

method is particularly attractive because of its el-

egant mathematical analysis and simplicity. In

the previous studies, potential �eld methods are

used to deal with mobile robot path planning in

stationary environments, where targets and obsta-

cles are all stationary. However, in many real-life

implementations, the environments are dynamic.

Not only the obstacles are moving, so does the

target.

In this paper, we propose a new potential �eld

method for motion planning of mobile robots in

a dynamic environment where the target and ob-

stacles are moving. The attractive potential is de-

�ned as a function of the relative position and ve-

locity of the target with respect to the robot. The

repulsive potential is also de�ned as the relative

position and velocity of the robot with respect to

the obstacles. Accordingly, the virtual force is de-

�ned as the negative gradient of the potential with

respect to both position and velocity rather than

position only. The new de�nitions of the potential

functions and the virtual forces allow the robot to

track the target in a desired manner.

2 PROBLEM STATEMENT

The motion planning problem for a mobile robot

in a dynamic environment is to plan and control

the robot motion from an initial position to track a

moving target in a desired manner while avoiding

moving obstacles. To simplify the analysis, we

have the following assumptions:

Assumption 1 The robot is a point mass which

can move omni-directionally, whose mass mrob,

position p and velocity v are known and its maxi-

mum velocity vmax is greater than that of the tar-

get. The acceleration of the robot, a, is omni-

directional and its maximum value is amax.

Assumption 2 The point target moves at con-



stant velocity and its position ptar and velocity

vtar are known.

Assumption 3 The obstacles are assumed to be

balls of radius ri centered at pobsi, with i =

1; 2; : : : ; nobs, where nobs is the number of obsta-

cles. The positions pobsi and velocities vobsi of the

obstacles can be measured accurately.

Assumption 4 At each time instant, only one

obstacle is close enough to the robot and needs to

be avoided. The rest are assumed to be farther

away and their in
uences are neglected for that

instant.

3 ATTRACTIVE POTENTIAL FUNC-

TION

Conventionally, the attractive potential is de�ned

as a function of the relative distance between the

robot and the target only where the target is a

�xed point in space. In our research, it was found

that it is bene�cial to have the velocities of the

robot and the target considered in the construc-

tion of the potential �eld. In doing so, addi-

tional degrees of freedom are introduced for dif-

ferent tracking performances. When the target is

moving, the conventional pure position based po-

tential function is not directly applicable and has

to be modi�ed. In this paper, the potential �eld

functions are presented as follows

Uatt(p;v) = �pkptar(t)� p(t)k
m

+�vkvtar(t)� v(t)k
n (1)

where p(t) and ptar(t) denote the positions of the

robot and the target, respectively; p = [x y z]T

in a 3-dimensional space or p = [x y]T in a 2-

dimensional space; v(t) and vtar(t) denote the ve-

locities of the robot and the target, respectively;

kptar(t)�p(t)k is the Euclidean distance between

the robot and the target at time t; kvtar(t)�v(t)k
is the magnitude of the relative velocity between

the target and the robot at time t; �p and �v are

scalar positive parameters; and m and n are pos-

itive constants which satisfy m;n > 1.

From (1), the attractive potential Uatt(p;v) ap-

proaches its minimum zero if and only if the

relative distance and velocity between the robot

and the target are zero. The attractive potential

Uatt(p;v) increases as the relative distance or ve-

locity between the robot and the target increases.

It is easy to see that if �v = 0 and m = 2, the

new attractive potential function (1) degenerates

to the conventional quadratic form

Uatt(p;v) = Uatt(p) = �pkptar(t)� p(t)k
2 (2)

which does not contain the velocity information

of the robot or the target. The corresponding

conventional virtual attractive force is de�ned as

the negative gradient of the attractive potential in

terms of position

Fatt(p) = �rUatt(p) = �
@Uatt(p)

@p
(3)

As the new attractive potential Uatt(p;v) is a

function of both the position p and velocity v of

the robot, we shall de�ne the corresponding vir-

tual attractive force as the negative gradient of the

attractive potential with respect to both position

and velocity as follows:

Fatt(p;v) = �rUatt(p;v)

= �rpUatt(p;v)�rvUatt(p;v)(4)

where

rpUatt(p;v) =
@Uatt(p;v)

@p
(5)

rvUatt(p;v) =
@Uatt(p;v)

@v
(6)

with the subscripts p and v denoting the gradient

with respect to position and velocity, respectively.

Substituting (1) into (4), we have

Fatt(p;v) = Fatt1(p) + Fatt2(v) (7)

where

Fatt1(p) = m�pkptar(t)� p(t)k
m�1nRT (8)

Fatt2(v) = n�vkvtar(t)� v(t)k
n�1nV RT (9)

with nRT being the unit vector pointing from the

robot to the target and nV RT being the unit vec-

tor denoting the relative velocity direction of the

target with respect to the robot. The relation-

ship between the attractive force and the posi-

tion and velocity of the robot and the target in

a 2-dimensional space is illustrated in Figure 1.

The attractive force Fatt consists of two compo-

nents: while the �rst component, Fatt1(p), pulls

the robot to the target and shortens the distance

between them, the second component, Fatt2(v),

\tries" to drive the robot to move at the same

velocity of the target.

From equations (8) and (9), since m > 1 and

n > 1, we can see that when the robot approaches

the target, i.e. kptar(t) � p(t)k approaches zero,

Fatt1 approaches zero, and when the velocity of

the robot approaches that of the target, Fatt2 ap-

proaches zero. Then, when both the position and

velocity of the robot approach those of the tar-

get, the attractive force Fatt approaches zero, i.e.

when the robot catches the target and at the same
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Figure 1: New attractive force in 2D space.

time travels at the same velocity of the target, the

attractive force is zero and thus the robot keeps

the velocity and moves together with the target.

Such choices of m and n are necessary for soft-

landing problems where the velocity of the robot

is required to be the same as that of the target at

landing.

4 REPULSIVE POTENTIAL FUNC-

TION

To avoid moving obstacles, an intuitive way is to

take into account the positions and velocities of

the robot and the obstacles when constructing the

repulsive potential function. Two pioneering re-

pulsive potential functions were presented in [8]

and [9] by taking the velocity information into con-

sideration. In [8], though the velocity of the obsta-

cle is considered when building the repulsive po-

tential, the velocity of the robot is not taken into

account. This is inadequate because the possibil-

ity of the collision between the robot and obstacle

depends on the relative position and velocity be-

tween them. The repulsive potential function in

[9] makes fully use of the velocity information of

the robot and the obstacle. However, it was as-

sumed that (i) the relative velocity of the robot

with respect to the obstacle is invariant irregard-

less of the position of the robot and (2) its partial

derivatives with respect to position is zero. These

assumptions are unrealistic as the relative velocity

is actually a function of the position of the robot

and its derivatives with respect to position cannot

be considered as zero all the time. Both methods

deal with the obstacle avoidance problem with a

stationary target.

To overcome these limitations, we present another

repulsive potential which also takes the relative

position and velocity of the robot with respect to

the obstacles into consideration. In many circum-

stances, obstacles are not close to each other. We
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Figure 2: Vectors for de�ning the new repulsive

potential.

shall assume that at each time instant, the robot is

in
uenced by only one obstacle which is the near-

est one to the robot. Assume also that the position

pobs(t) and velocity vobs(t) of the obstacle are ac-

curately known. The relative velocity between the

robot and the obstacle in the direction from the

robot to the obstacle is given by

vRO(t) = [v(t) � vobs(t)]
TnRO (10)

where nRO is a unit vector pointing from the robot

to the obstacle. If vRO(t) � 0, i.e. the robot

is moving away from the obstacle, no avoidance

motion is needed. If vRO(t) > 0, i.e. the robot

is moving close to the obstacle, avoidance motion

needs to be implemented.

Assume that at time t, the robot is moving toward

the obstacle as shown in Figure 2. The shortest

distance between the robot and the body of the

obstacle is denoted by �s(p(t);pobs(t)) which is

given by

�s(p(t);pobs(t)) = kp(t)� pobs(t)k � r (11)

where r is the radius of the obstacle. When

vRO(t) > 0, the robot needs to decreases its pro-

jection of relative velocity vRO(t) to zero before it

touches the obstacle.

Consider the case where the robot moves in the

direction toward the obstacle and the robot is ap-

proaching the obstacle, i.e. vRO(t) > 0. If the

maximum deceleration of magnitude amax in the

direction from the obstacle to the robot is applied

to the robot to decrease its velocity toward the

obstacle, the distance traveled by the robot when

the velocity projection vOR decreases to zero is

�m =
v
2

RO
(t)

2amax

(12)

The repulsive potential generated by the obstacle

can then be de�ned as follows

Urep(p;v)



=

8>>>>>>>>>><
>>>>>>>>>>:

0;

if �s(p(t);pobs(t))� �m� �0 or vRO(t)� 0

�

�
1

�s(p(t);pobs(t))� �m
� 1

�0

�
;

if 0 < �s(p(t);pobs(t))� �m < �0

and vRO(t) > 0

not de�ned,

if vRO(t) > 0 and �s(p(t);pobs(t)) < �m

(13)

where �0 is a positive constant describing the in-


uence range of the obstacle; pobs(t) and vobs(t)

denote the position and velocity of the obstacle;

�s(p(t);pobs(t)) = kp(t)�pobs(t)k�r is the mini-

mum distance between the robot and the obstacle;

r is the radius of the obstacle; and constant � > 0

is a design parameter.

Note that (i) when �s(p(t);pobs(t)) < �m, the re-

pulsive potential is not de�ned, since there is no

possible solution to avoid collision with the ob-

stacle in the aforementioned case where the robot

moves toward the robot; (2) when the robot is

far away from the obstacle, i.e. �s(p(t);pobs(t))�
�m � �0, the robot is not in
uenced by the obsta-

cle, and therefore no avoidance motion is imple-

mented; and (iii) when the robot is within the in-


uence range of the obstacle and �s(p(t);pobs(t))

approaches �m, the repulsive potential approaches

in�nity and as the projection of relative velocity

of the robot vRO(t) increases, the repulsive poten-

tial increases. In addition, even if the distance

between the robot and the obstacle does not ap-

proach zero, the repulsive potential approaches in-

�nity if the projection of relative velocity vRO(t)

is large enough.

Similar to the de�nition of the new attractive

force, the corresponding new repulsive force is de-

�ned as the negative gradient of the repulsive po-

tential with respect to both position and velocity

Frep(p;v) = �rUrep(p;v)

= �rpUrep(p;v) �rvUrep(p;v) (14)

To derive the virtual repulsive force, we need to

derive the gradient of vRO(t) with respect to posi-

tion and velocity, respectively. The relative veloc-

ity of the robot with respect to the obstacle on the

unit vector from the robot to the obstacle, vRO(t),

can be written as

vRO(t) = (v(t) � vobs(t))
TnRO

= (v(t) � vobs(t))
T
(pobs(t)� p(t))

kpobs(t)� p(t)k
(15)

The gradient of vRO(t) with respect to velocity is

rvvRO(t) = nRO = �nOR (16)

The gradient of vRO(t) with respect to position is

rpvRO(t) =
1

kp(t)� pobs(t)k
vRO?nOR? (17)
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Figure 3: New repulsive force in 2D space.

where vRO? =
p
kv(t)� vobs(t)k2 � v

2

RO
(t) is the

magnitude of the component of the relative veloc-

ity of the robot with respect to the obstacle which

is perpendicular to the line passing through the

robot and the obstacle; and nOR? is the corre-

sponding unit vector. Figure 2 clearly shows the

relationship between these vectors.

The virtual repulsive force generated by the ob-

stacle is then given by

Frep(p;v)

=

8>>>>>>>><
>>>>>>>>:

0;

if �s(p(t);pobs(t))� �m��0 or vRO(t)�0
Frep1 +Frep2;

if 0 < �s(p(t);pobs(t)) � �m < �0

and vRO(t) > 0

not de�ned;

if vRO(t) > 0 and �s(p(t);pobs(t)) < �m

(18)

where

Frep1 = �U
2

rep

�
1 +

vRO(t)

amax

�
nOR (19)

and

Frep2 =
�U

2

rep
vRO(t)vRO?

amax�s(p(t);pobs(t))
nOR? (20)

with Urep being the abbreviation of Urep(p;v).

The relationship of the repulsive force components

in a 2D space is shown in Figure 4 where it can be

seen that one repulsive force component Frep1 de-

creases vRO , the projection of the relative velocity

of the robot toward the obstacle, which will keep

the robot from colliding with the obstacle, and the

other component Frep2 increases vRO?, the rela-

tive velocity of the robot parallel to the obstacle,

which drives the robot bypassing/detouring the

obstacle.



5 MOTION PLANNING BASED ON

NEW POTENTIALS

At time t, the sensors on board the robot obtain

the positions and velocities of the target and ob-

stacles. The total virtual force is calculated by

Ftotal(t) = Fatt(t) +Frep(t) (21)

where Fatt(t) and Frep(t) are given by equations

(7) and (18).

Usually, the robot motion is subjected to its phys-

ical limitation and the magnitude of its acceler-

ation is upper bounded. Denote the maximum

acceleration of the robot as amax. According

to Newton's law, the acceleration applied to the

robot is given by

a(t) =

8<
:
Ftotal

mrob
; if

���Ftotal

mrob

��� � amax

amax

Ftotal

jFtotalj
; otherwise

(22)

Assume that the initial velocity and position of

the robot are known accurately, the velocity and

position of the robot at time t are given by

v(t) = v(t0) +

Z
t

t0

a(�)d� (23)

and

p(t) = p(t0) +

Z
t

t0

v(�)d� (24)

where t0 is the initial time; v(t0) and p(t0) are

the the initial velocity and position of the robot,

respectively.

6 SIMULATION STUDIES

In this section, we present some simulation stud-

ies on the new motion planning scheme in a 2-

dimensional space. In the operational space, there

is one moving target and two moving obstacles.

The target is moving from point [10; 10]T at con-

stant velocity, vtar = [0:1;�0:05]T . The two

obstacles are also moving at constant velocity.

One moves from point [5; 0]T at velocity [0; 0:1]T ,

the other moves from point [20; 10]T at velocity

[�0:05;�0:065]T . The robot moves from point

[1; 1]T with initial velocity [0:1; 0]T . The mass

of the robot is mrob = 1Kg. The parameters

of the attractive potential function are chosen as

m = n = 2, �p = 0:0008 and �v = 0:04; and the

parameters of the repulsive potential function are

chosen as � = 0:2 and �0 = 2m. In the simulation,

the sampling interval is T = 0:1s.

Figures 4 - 7 record the paths of the robot, obsta-

cles and target at time shots t =26s, 34s, 84s, and

0 5 10 15 20
0

1

2

3

4

5

6

7

8

9

10

x (m)

y(
m

)

Target

Robot
Obstacle 1

Obstacle 2

Figure 4: Paths of robot, obstacles and target at

time t = 26s.
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Figure 5: Paths of robot, obstacles and target at

time t = 34s.

100s, respectively. In Figures 4 and 5, it is shown

that when the robot approaches close to Obstacle

1, it speeds up and detours the obstacle in front of

it. In Figures 6 and 7, it is shown that the robot

slows down near Obstacle 2 and let the obstacle

passes �rst. Figure 8 shows the overall simulation

result, where the robot tracks the target success-

fully.
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Figure 6: Paths of robot, obstacles and target at

time t = 84s.

7 CONCLUSION

In this paper, a new potential �eld method has

been proposed for mobile robot motion planning

in a dynamic environment where the target and

the obstacles are moving. The new potential func-

tions take into account the relative velocities of the

target with respect to the robot and the relative

velocities of the robot with respect to the obsta-

cles. The virtual forces are de�ned by the negative
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Figure 7: Paths of robot, obstacles and target at

time t = 100s.
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Figure 8: Mobile robot moves in a dynamic envi-

ronment.

gradients of the potential functions with respect

to both position and velocity. The combination of

the new potential function and the new de�nition

of virtual force enables target tracking and moving

obstacle avoidance possible. Computer simulation

results demonstrate the e�ectiveness of the mobile

robot motion planning scheme based on the new

potential �eld method.
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