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Abstract This paper studies the anti-saturation posi-
tioning and obstacle avoidance control of wheeled robot-

s. First, by modifying the existing control law based on
the kinematics model, a continuous function is proposed
to overcome the velocity saturation problem, then the

positioning control law ensuring the continuity and avoid-

ing chattering phenomenon caused by switching con-

trol is proposed. Afterwards, a Gaussian function and

a switching function are introduced to guarantee the s-

moothness of the artificial potential field function, and
the positioning obstacle avoidance control law based on
Barrier Lyapunov Function is constructed to reach the

target point more stably. Finally, the effectiveness and

practicability of the control algorithm are verified by

simulations.

Keywords Wheeled robots · Anti-saturation posi-

tioning control · Obstacle avoidance control · Artificial

potential field method · Barrier Lyapunov Function

1 Introduction

In recent years, robots have played an increasingly im-

portant role in daily life. The research on the applica-

tion of robots in logistics, education, medical and oth-

er fields is also more favored by the majority of schol-

ars [1]. For example, some hospitals use robots to re-

place manual product delivery and other tasks, and ho-

tels use self-service robots to deliver dishes to guests [2].

Rescuers use robots for search tasks in harsh environ-

ments [3].
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All of the above applications need to control the po-

sition of the robot by controlling the speed and angular

velocity (V, ω) of the robot [4] [5]. This control action

is also called point stability and has been extensively

studied in the past few years. However, the robot will

inevitably encounter obstacles during the movement.

At this time, the obstacle avoidance problem should be

added on the basis of the control law for robots’ posi-

tioning [6] [7].

Siegwart [8] conducted a detailed analysis of the po-

sitioning problem and proposed a solution that consid-

ers the final direction of the robot. Still, the trajectory

of the robot to the target point may not be optimal

at this time. Malu [9] proposed a control law based

on the robot kinematics model, which provides a refer-

ence speed for the PID control of the DC motor. Pour-

boghrat [10] proposed an adaptive control law for mo-
bile robots. Using the method of tracking a reference
trajectory, the error between the tracking trajectory
and the actual trajectory gradually converges to zero,

reaching a point of stability. C. de wit [5] proposed a

model-based predictive control scheme, which can deal

with state or input constraints. But Pourboghrat [10]

and C. de wit [5] did not consider the saturation of
linear velocity and angular velocity.

The Khatib [12] virtual force method is widely used

for robots to avoid obstacles because of its less calcu-
lation, good real-time performance and easy low-level

control characteristics [13]. This method is called the

artificial potential field method. Pu [14] added the dis-

tance between the robot and the target to the repul-

sive force field of the synthetic potential field method,

which improved the local minimum problem of the ar-

tificial potential field method. Koren [15] based on the

possible field method and its limitations, proposed a

robot position control based on an obstacle avoidance
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algorithm. Still, the method used in this document has

two ends. One is that the linear velocity is the max-

imum when the robot is away from the target point.

This means that the robot can not turn as fast as pos-

sible when approaching obstacles, and it may encounter

obstacles; Second, when the Angle error is substantial,

the angular velocity will become an unacceptable value

according to the control law.
Motivated by the aforementioned facts, the main

contributions of this paper can be described as follows.

Firstly, inspired by Villela [16] and Fabregas [17], an

improved linear velocity algorithm overcoming the sat-

uration problem based on [18] is introduced, and a posi-

tioning control law with the continuous linear velocity

based on [17] is proposed. Compared with the litera-

ture [17], the controller designed in this paper is con-

tinuous, which avoids the chattering problem caused by

the switching control method. Secondly, based on liter-

ature [19], a smooth switching function and Gaussian

function are introduced to design the continuous artifi-

cial potential field function,and a Gaussian Barrier Lya-

punov Function based on the artificial potential field

method is constructed. In addition, combined with the

proposed continuous linear velocity and smooth Gaus-

sian Barrier Lyapunov Function, a novel positioning

control method for wheel robots with obstacle avoid-

ance is designed.

The paper is organized as follows. Section II gives
the basic model and basic formula of positioning con-

trol and obstacle avoidance control. Section III designs

the motion algorithm of positioning control and obsta-

cle avoidance control and verifies the stability. Section

IV conducts experimental simulations of the localiza-

tion algorithm and the obstacle avoidance algorithm to

verify the feasibility and superiority of the algorithms in
this paper. Section V summarizes the research content
of this paper and gives the future research directions.

2 Problem formulation

2.1 Kinematic model

The differential wheel mobile robot can control the di-

rection of movement by changing the relative speed

between the driving wheels. Define the left and right

driving wheel speeds as uL and uR. Assuming that the

wheels roll without slipping, the kinematics model of

the robot can be described as follows in the Cartesian

coordinate system [20]:

ẋ = u cosψ,

ẏ = u sinψ,

ψ̇ = ω,

(1)

Among them, x, y ∈ R represents the position of the

robot in the Cartesian coordinate system and ψ rep-
resents the robot’s heading angle, and its direction is

perpendicular to the turning radius. u represents the

instantaneous linear velocity of the robot, and u =
uL+uR

2 , ω represents the angular velocity of the robot,

and ω =
(uL−uR)

l
. Among them, l is the distance be-

tween the two driving wheels.

2.2 Control objectives

2.2.1 positioning control

The wheel robot owns a limited velocity and a minimum

turning radius. Assuming that its maximum linear ve-

locity is umax and its minimum turning radius is Rmin,

in this case, the maximum angular velocity of the robot
is ωmax = umax

Rmin

. As shown in Fig. 1, for the purpose of

Fig. 1 Variables involved in positioning control problems.

positioning control, the distance d and angle α between

the points Tc(xc, yc) and Tp(xp, yp) are as follows

d =
√

(yp − yc)2 + (xp − xc)2, (2)

α = atan2(yp − yc, xp − xc), (3)

Equations (2)-(3) mean that yp − yc = d sin(α) and

xp−xc = d cos(α). Then define the angle error variable

as follows

eψ = α− ψ, (4)

It can be seen that eψ ∈ [−π, π]. Taking the time

derivative of equation (2) and combining it with equa-

tion (1), we get

ḋ = − ẏc(yp − yc) + ẋ(xp − xc)

d

= −u(sin(α) sin(ψ) + cos(α)cos(ψ))

= −u cos(α− ψ).
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From (4), it has

ėψ = α̇− ψ̇ =
(yp − yc)ẋc − (xp − xc)ẏc

d2
− ω

=
u sin(α− ψ)

d
− ω =

u sin(eψ)

d
− ω,

Then we can combine the above two equations to obtain
the following system

ḋ = −u cos(eψ),

ėψ =
u

d
sin(eψ)− ω.

(5)

Therefore, the robot positioning control problem is trans-
formed into the stability control problem of state d in

(5). That is to say, by designing the linear velocity u

and angular velocity ω to realize d→ 0, then the robot

can reach the target point and remain stable.

2.2.2 Obstacle avoidance control

The artificial potential field method mainly includes

the gravitational potential field, repulsive potential field

and allosteric potential field. As shown in Fig. 2, the

target point generates the gravitational potential field

φf (q), which produces the gravitational force, and its

direction points from the robot to the target point. The

obstacle produces the repulsive force field φr(q), which

generates the repulsive force whose direction points from

the obstacle to the robot. The combined force of grav-

itational and repulsive forces determines the direction

of motion of the robot [21].

Fig. 2 Force analysis of artificial potential field method.

The gravitational field φf (q) and the attractive force
Ff (q) can be expressed as:

φf (q) =
1

2
µ ‖q − qg‖2 , (6)

Ff (q) = −φ̇f (q) = −µ ‖q − qg‖ ,

where µ is the gravitational field gain coefficient, q is

the current position of the robot, and qg is the position
of the target point.

The repulsive force field φr(q) and the repulsive

force Fr(q) can be expressed as:

φr(q) =

{

1
2β

(

1
χ
− 1

δ0

)2

, χ ≤ δ0,

0, χ > δ0,

Fr(q) = −φ̇r(q) =
{

β 1
2(χ−δ0)χ2

∂χ
∂q
, χ ≤ δ0,

0, χ > δ0,
(7)

where β is the gain coefficient of the repulsive force field,

χ is the distance between the robot and the obstacle,
and δ0 is the influence range of the obstacle repulsive

force field, that is, the safety distance between the robot

and the obstacle.

Therefore, the resultant force field U(q) and the re-

sultant force F (q) received by the robot q are

U (q) = φf (q) + φr (q) ,

F (q) = Ff (q) + Fr (q) .
(8)

Then, based on equation (8), the next objective is to

achieve the positioning obstacle avoidance control for

the wheeled robot, that is to say, the robot can reach

the target point without obstacle collision.

3 Main Results

3.1 Anti-saturation positioning controller design

In [16], a linear velocity controller for the robot is de-

signed based on the distance d between the robot and
the target point Tp(xp, yp). The linear velocity designed

in this literature reaches its saturation maximum at the

beginning, and it only starts to decrease when d is with-

in a certain distance. Therefore, when the robot’s head-

ing angle is far from the target point, the robot will

move forward with maximum speed, which will cause

the malfunction of the controller and not reach the

positioning control target. Therefore, when d is large

(large positioning error), we consider that the robot

should reach the correct heading before the linear ve-

locity is maximized. The literature [17] designed a de-

viation angle-based linear velocity controller, aiming to

propose a velocity control guided by the correct heading
angle to solve this problem.

Inspired by the literature [15] [17], we propose the

following continuous controller,

u = tanh[K1dp(eψ)]umax,

ω(t) = Kp sin(eψ(t)) +Ki

∫ t

0

eψ(s)ds, (9)
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where

p(x) =
π2 − x2

π2
. (10)

The parameters K1, Kp and Ki > 0 meet the following
constraints,

0 < umaxK1 < Kp,

Kp +
√
Kiπ < ωmax,

(11)

It can be seen from (10) that 0 ≤ p(x) ≤ 1 when x ∈
[−π, π].

3.1.1 Stability analysis

In order to facilitate subsequent controller design and

analysis, the following related lemmas are introduced:

Lemma 1 (Barbalat theorem) Let x : [0,∞) → R be

continuouly first-order derivable and have limit when

t → ∞, if ẋ is consistently continuous on t ∈ [0,∞),

then lim
t→∞

ẋ(t) = 0.

Lemma 2 Consider the system ẋ(t) = f(t, x), assum-

ing that f(t, x) is segmentally continuous in t and lo-

cally Lipschitz in x. Furthermore, assume that f(t, 0)

is consistently bounded for all t ≥ 0. Definition L :
R
n→ R is a continuous positive definite differentiable

function such that L̇(x(t)) ≤ −W (x), ∀t ≥ 0, ∀x ∈ R
n,

where W (x) is a continuous positive semidefinite func-

tion, then t→ ∞, W (x(t)) → 0.

Introducing the auxiliary state z =
∫ t

0
eψ(s)ds, the

dynamic system (5) can be re-described as

ḋ = −u cos(eψ),

ėψ =
u

d
sin(eψ)− ω,

ż = eψ,

(12)

Theorem 1 Considering the wheeled robot dynamic sys-

tem (1) and designing the control law (9) based on the

constraints (11), the dynamic system (12) is globally

asymptotically stable, that is to say, limt→∞ yp − y = 0,
limt→∞ xp − x = 0.

Proof. Substituting the controller (9) into system (12),

we get

ḋ = −umax tanh[K1dp(eψ)] cos(eψ), (13)

ėψ =
umax tanh[K1dp(eψ)]

d
sin(eψ)

−Kp sin(eψ(t))−Kiz,

(14)

ż = eψ, (15)

To analyze the stability, we first consider the subsys-

tems (14)-(15) where states are eψ and z, and the con-
trol input is d(t). Design the following Lyapunov func-

tion,

L1 =
e2ψ

2
+
Kiz

2

2
,

Its time derivative is

L̇1 = eψ{
umax tanh[K1dp(eψ)]

d
−Kp} sin(eψ),

with d ≥ 0, K1 > 0. Because −π < eψ ≤ π, 0 ≤
p(eψ) ≤ 1, then K1dp(eψ) ≥ 0. Therefore

L̇1 = eψ{
umax tanh[K1dp(eψ)]

d
−Kp} sin(eψ)

≤ eψ[umaxK1p(eψ)−Kp] sin(eψ)

= −W (eψ).

(16)

Then consider the subsystem (13) with state d(t) and

input eψ, and the following Lyapunov function is pro-

posed,

L2 =
d2

2
.

Its time derivative is

L̇2 = −dumax tanh[K1dp(eψ)] cos(eψ)

≤ −
√
2d

2
u
max

tanh[K1dp(eψ)].
(17)

Therefore, L̇2 ≤ 0 and L2 = d2

2 ≥ 0. According to

Lemma 1, it has d → 0 as t → ∞. Therefore, the sub-

system (13) is globally asymptotically stable. The proof

is completed.

Remark 1 When 0 ≤ umax ≤ 1, the stability proof

of (16) is similar with literature [20], and the proof of
saturation problem for state ω is consistent with liter-

ature [20], but the constraint condition of the stability
proof of this paper is umaxK1p(eψ) − Kp ≤ 0. There-

fore, when umax > 1, select appropriate K1 and Kp,

and the constraint conditions can also be established.

The stability proof process of (17) is similar to that of

literature [17].

Remark 2 In this paper, the control law is optimized

on the robot linear velocity control law of literature [17].

The original control law requires switching between two

velocity functions, but the controller designed in this

paper is a continuous controller which avoids the chat-

tering problem caused by the switching controller . The

function p(eψ) with the angular error eψ as input is also
improved to solve the robot reverse movement problem

caused by the saturation of eψ. The better smoothness of

p(eψ) also makes the robot linear velocity change more

smoothly.
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3.2 Anti-saturation obstacle avoidance controller

design based on artificial potential field

3.2.1 Improved artificial potential field function

As shown in equation (7), the conventional repulsive

field function needs to switch when χ = δ0. When

χ = δ0, there are singularities in the repulsive function,

which will cause the robot to wobble when entering or

getting rid of the obstacles in the repulsive field. So

in this paper a Gaussian function [22] is introduced to

design the repulsive field function,

gr (q) =

{

βe
−

χ2

δ0 , χ ≤ δ0,

0, χ > δ0.
(18)

In order to solve the problem of unsmooth phe-

nomenon caused by switching control, this paper intro-

duces the n-th order smooth switching function h(χ)

[23]:

h(χ) =











1, |χ| ≤ χb,

cosn[π2 sinn(π2
χ2

−χ2

b

χ2
a−χ

2

b

)], overwise,

0, |χ| ≥ χa,

(19)

where χa is the maximum range of the repulsion field,
χb is the minimum safety range of the obstacle under

the influence of the repulsion field, and χb is greater

than the radius of the circular obstacle.

Combining the above two equations, this paper con-

structs a new artificial potential field repulsion field

function below,

φf (q) = βe
−

χ2

δ0 h(χ),

and when multiple obstacles are present, it can be ex-

pressed as

N
∑

i=1

φf (q) =

N
∑

i=1

βie
−

χ2
i

δi h(χi). (20)

The effect of βi,δi parameter selection on the obstacle
repulsion field is shown in Figure 3.

3.2.2 Switching function analysis

The switching function h(χi) as shown in Fig. 4 grad-
ually starts working as |χi| decreases. As a result, the

obstacle repulsive field gradually increases from χa until
the repulsive field reaches its maximum at χb. This rep-

resents the obstacle enters repulsive field χa, the robot

has a safe distance to avoid the the obstacle. Due to the

smoothness of the switching function, the robot does

not shake violently.

Fig. 3 The influence of parameters on the obstacle repulsion
field.

Fig. 4 n-th order smooth switching function h(χ)(χa =
2, χb = 1).

To illustrate the effect of the smoothness of the n-th

order switching function, the first and second deriva-

tives of h(χi) with χi are

dh

dχi
=

{

λ, χb ≤ |χi| ≤ χa,

0, overwise,

d2h

dχi2
=

{

−(Θ1 +Θ2 +Θ3), χb ≤ |χi| ≤ χa,

0, overwise,

where ρ =
πχ2

i

χ2

b
−χ2

a
, ̟ = π

2
χ2

i−χ
2

b

χ2
a−χ

2

b

, ς = π
2 sinn(̟), λ =

−π2

2 n
2 cosn−1(ς) sin(ς) sinn−1 (̟) cos(̟) χi

χ2
a−χ

2

b

,Θ1 = (n

−1)ρ cos2(̟)[cos(ς) sin(ς)−sin2(ς) sinn(̟)],Θ2 = sin(̟)

cos(ς) sin(ς)[cos(̟)− (n− 1) sin(̟)ρ], Θ3 = nπ
2 cos2(ς)

sinn(̟) cos2(̟)ρ. Since d2h
dχ2 has a larger value when the

order is larger, this paper uses ln(a) to represent the re-

lationship between d2h
dχi

2 and χ , where a = | d2h
dχi

2 + 1|.
It can be seen that h(χi) is second-order continuous di-

vergence, which can meet the design requirements of

the robot controller. From Fig. 5(a)-5(b), it can be

found that as the order increases, the change rate of
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(a) (b)

Fig. 5 The first derivative (a), The second derivative (b).

the switching node dh
dχi

at (1, 0) becomes smaller, so

the smoothness at this node becomes stronger.

3.2.3 Barrier Lyapunov Function design

The traditional Barrier Lyapunov Function sets the val-
ue of the function for the restricted region of the desired
state to infinity, the value of the function for the de-

sired state to a minimum (usually 0), and designs the

controller so that the function decreases with time. By

combining (6) and (20), we design the following Gaus-

sian Barrier Lyapunov Function for the existence of

multiple obstacles,

V =
x2 + y2

2
+

N
∑

i=1

βie
−

χ2
i

δi h(χi). (21)

Remark 3 For the convenience of reading, define the

target point in this section as (0, 0) and the robot posi-

tion coordinates as (x, y). Moreover, the Gaussian Bar-
rier Lyapunov Function V designed in this paper is dif-

ferent from the traditional Barrier Lyapunov function,

and when the parameters are close to the bounded lim-

it, the Gaussian Barrier Lyapunov Function does not

increase to infinity in the restricted state region.

3.2.4 Anti-saturation obstacle avoidance controller

To achieve the purpose of obstacle avoidance, the fol-

lowing controller is designed,

u = − tanh[K1

√

x2s + y2sp(ψs − ψ)]umax,

ω =
ẏsxs − ysẋs

x2s + y2s
+Ks tanh(ψs − ψ),

(22)

where

xs = x+
∑N
i=1 βie

−σi(− 2h
δi

−∆s)(x− xi),

ys = y +
∑N
i=1 βie

−σi(− 2h
δi

−∆s)(y − yi),
(23)

ψs = atan2(ys, xs), (24)

where the parameters K1 and Ks meet the following

constraints,

K1umax ≤ ωmax, Ks > 0. (25)

3.2.5 Stability analysis

Theorem 2 Considering the wheeled robot dynamic sys-
tem (1), the n-th order smooth switching function (19)

and the Gaussian Barrier Lyapunov Function (21), and

designing the control law (22) based on the constraints

(25), then the wheeled robot is globally asymptotically

stable without obstacle collision.

Proof. The time derivative of equation (21) is

V̇ =xu cosψ + yu sinψ +

N
∑

i=1

βie
−σi

{−2h

δi
[(x− xi)ucosψ + (y − yi)usinψ] + ḣ, }

(26)

where σi =
(x−xi)

2+(y−yi)
2

δi
, To facilitate calculation, let

ḣ =
dh

dχi
χ̇i = −∆s[(x− xi)u cosψ + (y − yi)u sinψ],

where ∆s =
dh
dχi

1
χi
. ḣ is the derivative of h(χi) with re-

spect to the robot position (x, y). Therefore, the above

two equations can be combined to obtain

V̇ =u cosψ[

N
∑

i=1

βie
−σi(−2h

δi
−∆s)(x− xi) + x]+

u sinψ[

N
∑

i=1

βie
−σi(−2h

δi
−∆s)(y − yi) + y].

From equation (23), the above equation can be simpli-
fied as V̇ = uxs cosψ+ uys sinψ, and xs represents the
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combined force of attraction and repulsion in the x-axis

direction of the robot, and similarly ys represents the
combined force of attraction and repulsion in the y-axis

direction. Then the above equation can be written as

V̇ = u
√

x2s + y2s cos(eψs
). (27)

Define the angle error eψs
as

eψs
= ψs − ψ, (28)

where eψs
has a different meaning from eψ in the e-

quation (4). According to the definition of h(χi) and

ψs, when |χi| > χa, ψs = atan2(x, y), at this time ψs
has the same meaning as α in (3), so when the robot is

outside the repulsive field, eψs
is the same as eψ. When

the robot is in the range of the repulsive field, ψs is the

desired heading angle of the robot , and ψ is the actual

heading angle of the robot. Therefore, eψs
must be con-

trolled in order to enable the robot to avoid obstacles.

According to the definition of eψs
, xs, ys , ψs, we

get ėψs
= ẏsxs−ysẋs

x2
s+y

2
s

− ω. where

ẏsxs − ysẋs =
√

x2s + y2s(ẏs
xs

√

x2s + y2s
− ẋs

ys
√

x2s + y2s
)

= u
√

x2s + y2s(ys1 cosψs − xs1 sinψs).

Combine the above two equations to get

ėψs
=
u
√

x2s + y2s(ys1 cosψs − xs1 sinψs)

x2s + y2s
− ω

=
u(ys1 cosψs − xs1 sinψs)

ds
− ω.

(29)

Among them, ẋs = uxs1, ẏs = uys1, ds =
√

x2s + y2s .

Because of the boundedness of eψs
, xs1 and ys1 can

be expressed as xs1 = cosψ +
∑N
i=1 βie

−σi [{ 4̺
δi
( h
δi

+

∆s) − ∆ṡ

u
}(x − xi) − ( 2h

δi
+ ∆s) cosψ], ys1 = sinψ +

∑N
i=1 βie

−σi [{ 4̺
(
h
δi
+∆s)−∆ṡ

u
}(y−yi)−( 2h

δi
+∆s) sinψ].

where ∆ṡ = −π2

2 n
2[Aπ2

2 n(n−1) cosn−2 (ς) sinn−1(̟)γ+

B π2

2 n cos(ς) sin
n−1(̟)γ +Cπ(n− 1) sinn−2(̟)γ −Dπ

sin(̟)γ]χ̇i − ḣ 1
χ2

i

, ̺ = (x − xi) cosψ + (y − yi) sinψ.

And γ = 1
χ2
a−χ

2

b

, A = sin (ς) sinn−1 (̟) cos(̟)γ, B =

cosn−1(ς) sinn−1(̟) cos(̟) γ, C = cosn−1(ς) sin(ς)

cos(̟)γ, D = cosn−1(ς) sin (ς) sinn−1(̟)γ, and χ̇i =

u ̺
χi
.

The equation (29) is different from (5). d only rep-

resents the distance between the robot and the target

point. The positioning controller controls d → 0 in or-

der to make the robot reach the target point and keep

it stable. But in the obstacle avoidance control, it is

necessary to control not only the distance d but also

trajectory of the robot when it moves in the repulsive

force field. When |χi| > χa, the robot is not in the re-

pulsive force field, and ds =
√

x2 + y2 = d. When the
robot enters the repulsive field , h(χi) goes from 0 to 1

and the repulsive force field starts to work. At this time,

ds =
√

x2s + y2s , so ds varies with χ. Then equation (29)

can be expressed as

ėψs
=
u
√

x2s + y2s(ys1 cosψs − xs1 sinψs)

x2s + y2s
− ω

= −Ks tanh(eψs
).

(30)

From (28) and (30), the signs of eψs
and ėψs

are always
opposite, so eψs

→ 0.

In summary, substituting the controller (22) into

(27) , then we will get

V̇ = u
√

x2s + y2s cos (eψs
) =uds cos eψs

= − tanh[K1dsp(eψs
)]dsumaxcos(eψs

)

≤ 0.

According to Lemma 1, we can get: xs → 0, ys → 0 as
t→ ∞. Therefore, according to the definition of xs, ys,

h(χi), if χi > χa when the robot stops, then at t→ ∞,

x → 0, y → 0, that is, the robot is stable at the target

point. The proof is completed.

Remark 4 In this section, a smooth artificial potential
field repulsive field function is constructed by introduc-

ing Gaussian function and the smooth switching func-

tion, which solves the edge chattering problem of tra-

ditional repulsive field function. The Gaussian Barrier

Lyapunov Function is designed to constrain the linear

and angular velocities of the robot so that the robot can

simultaneously avoid the obstacle and stabilize at the
target point.

4 Simulation results

4.1 Simulation of the positioning problem

Fig. 6 represents the simulation results of the control
method (9). Among them, control law parameter are

selected as: K1 = 4, Kp = 0.75, Ki = 0.00007, umax =
0.05. To verify that the robot can reach the target point

from different starting points under the control law (9),

we choose the following five starting points: (−0.4, 0),

(0.4, 0.4), (−0.8,−0.8),(0.1,− 0.4), (−0.4, 0.5). To fa-

cilitate observation, select the target point (xp, yp) as

(0, 0). The simulation results show that at any starting

point, the robot with control law designed in (9) can
reach the target point.

In order to verify the advantages of the control law

(9) designed in this paper, it is simulated and compared
with the control law of the literature [17], as shown
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Fig. 6 Position control from different starting points.

in Fig.7-Fig. 8. Because the restriction condition (11)

of the control law in this paper is different from that

of the literature [17], the selection of K1 parameter in

this paper is also different from the literature [17]. The
parameters of the control law in this paper are selected

as follows: K1 = 4, Kp = 0.75, Ki = 0.00007, umax =
0.05. In [17], the parameters selected for the control law

simulation experiment are as follows: K1 = 0.1, Kp =

0.75, Ki = 0.00007, umax = 0.05. Select the starting

point Tp(−0.4, 0) and the target point Td(0.8, 0).

Fig. 7 Horizontal position comparison.

Fig. 7 shows the comparison of the lateral position

variation of the robot with different control laws. It can

be seen from Fig. 8 that the control law (9) reaches the

target point about 10 seconds earlier than the litera-

ture [17]. Figure 8 shows the trajectory of the robot lin-

ear velocity for different control laws. Under the control

law (9) the robot reaches umax faster. Since the control

law in this paper is a continuous control law, the tra-

jectory of the control law (9) in this paper is smoother

compared to that in the literature [17], and thus avoids

the robot chattering problem.

Fig. 8 Linear velocity comparison.

Table 1 Algorithm Parameters.

Simulation param-
eters

value

βi 100
δi 1
n 1
K1 0.1
umax 0.2
Ks 1
χa 2
χb 1

4.2 Simulation of obstacle avoidance problem

The simulation results of the artificial potential field

method of obstacle avoidance for the control law (22)-

(25) is shown in Fig.9-Fig.13. Let the robot starting

point Tp(10, 10) and target point Td(0, 0).

For the convenience of observation, the simulation of

avoiding single obstacles and the simulation of avoiding

double obstacles adopt the same algorithm parameters,
as shown in Table 1.

Fig. 9 The difference between h(χi) and g in the case of
obstacle avoidance.
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Fig.10 shows the comparison of obstacle avoidance

effect between control laws (18) and (20). The black cir-
cle is the maximum influence range χa of the obstacle

repulsion field, and the purple circle is the minimum

safety distance χb of the obstacle. The yellow line is

the simulation trajectory of Equation (20) using the s-
mooth switching function h(χi), and The blue line is

the simulated trajectory of equation (18). After enter-
ing the repulsive field, the robot’s route changes. As
can be seen from the blue line the robot may wobble

due to the large repulsive force immediately upon entry

and the large reaction right at the edge of the repulsive

field. And the yellow line can be seen from the robot

into the range after the repulsive force field, the repul-

sive force gradually increased, so the robot will slowly

avoid the obstacles. Obviously, the robot trajectory of

(20) control law is shorter and smoother.

Fig. 10 The trajectory of the robot at obstacles (4, 4).

Fig. 11 The trajectory of the robot at obstacles (8, 8).

Fig.10-Fig.11 shows the path of the robot when the

robot moves from Tp(10, 10) to Td(0, 0) under the con-

trol law in this paper. The blue line is the trajectory

of the robot when the obstacle is at (4, 4). The orange

line is the trajectory of the robot when the obstacle is

at (8, 8), indicating that when the robot moves, no mat-
ter where there is an obstacle or obstacle repulsion field

in the path of the robot, the robot can make obstacle

avoidance responses.

Fig. 12 Position control in case of double obstacles.

The blue line in Fig.12 is the robot motion path,

which is a simulation diagram of the position control

of the robot continuously avoiding two obstacles. The

design has obstacles at the coordinates (3, 3) and (8, 8),

and the robot avoids the second obstacle in the same
mode after avoiding the first obstacle.

Fig. 13 Simulation comparison of different obstacle avoid-
ance algorithms.

Fig. 13 shows the comparison of the simulation routes

between the traditional obstacle avoidance algorithm
and the proposed obstacle avoidance algorithm in this

paper. The blue line is the simulation route of the pro-
posed algorithm, and the green line is the simulation
route of the traditional obstacle avoidance algorithm.
It can be found that the traditional obstacle avoidance

algorithm is more conservative than the algorithm pro-

posed in this paper, and it starts to move away from
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the obstacle when it is far away from the obstacle. Com-

pared with the traditional algorithm, the trajectory of

the robot is shorter in this paper.

5 Conclusion

This paper proposes a novel control law that drives the
robot to the desired point and achieves the obstacle
avoidance. The linear velocity control law that can ef-

fectively overcome the saturation problem is used to

improve the existing positioning control law. The Gaus-

sian function and the smooth switching function are

introduced to improve the artificial potential field, and

the Gaussian Barrier Lyapunov Function based on the

artificial potential field method is designed, so that the

robot can avoid one or more obstacles while achiev-

ing the desired target point. The control law designed

in this paper is continuous and smooth, and can effec-

tively avoid obstacles. Simulation results show that the

control laws proposed in this paper compared with the
existing literature have a significant improvement.

The obstacle avoidance control law is designed based

on the artificial potential field method. Although it
solves the problem of chattering phenomenon at the

edge of the repulsion field, it does not solve the prob-
lem of the unreachable target point and local minimum
of the artificial potential field. In the follow-up research,

it will be considered in combination with the optimiza-

tion algorithms.
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