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Abstract

This paper presents a fixed-time integral sliding mode control scheme for a nonholonomic wheeled mobile robot
(WMR). To achieve the trajectory tracking mission, the dynamic model of a WMR is first transformed into a second-
order attitude subsystem and a third-order position subsystem. Two novel continuous fixed-time disturbance ob-
servers are proposed to estimate the external disturbances of the two subsystems, respectively. Then, trajectory
tracking controllers are designed for two subsystems by utilizing the reconstructed information obtained from the dis-
turbance observers. Additionally, an auxiliary variable that incorporates the Gaussian error function is introduced to
address the chattering problem of the control system. Finally, the proposed control scheme is validated by a wheeled
mobile robotic experimental platform.

Keywords: Wheeled mobile robot, trajectory tracking, disturbance observer, fixed-time stability, integral sliding mode
control

1. INTRODUCTION

During the past decades, the wheeled mobile robot (WMR) has attracted extensive attention as it is widely
used in various fields. The research on the WMR mainly includes robot positioning, motion planning, and
motion control, among which the motion control is a fundamental problem. There are three main parts of
the motion control, including point stabilization, path planning, and trajectory tracking!!!. The trajectory
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tracking control is a significant field in motion control, which has been studied extensively in recent years 2.
In practical engineering applications, a WMR is a highly coupled system with nonholonomic constraints and
external disturbances. Hence, it is significant to design an anti-interference trajectory tracking control scheme
with superior performance. At present, the design of the tracking controller of a WMR is mainly based on two
types: one is to consider only the kinematic model *!, while the other is to design on the basis of kinematic
and dynamic models!*. The kinematic model-based control only considers the linear velocity and angular
velocity as the control inputs. Compared with the kinematic model, the introduction of dynamic models can
solve the external disturbance problem and the crucial nonholonomic constraint problem [*!.

In ¢, the system with nonhonolomic constraints was transformed into an extended chain system by coordi-
nate transformation. On this basis, some scholars have designed the trajectory tracking control schemes by
transforming the kinematic model of a WMR into a chain structure”). In practice, there is a problem called
“excellent velocity tracking”[®) when designing a trajectory tracking controller only based on a kinematic sys-
tem. Thus, it is more reasonable to take the force or torque as inputs of the control system instead of the
speed. Meanwhile, external disturbances can be further taken into account. Nevertheless, the design process
of the controller that simultaneously incorporates both the kinematic and dynamic models is complicated.
The work of Zhai and Song!®! transformed the dynamic error system into second-order and third-order sub-
systems. And an intermediate variable related to the position error is introduced to tackle the problem of
constructing a control method for a third-order system using the terminal sliding mode control. However, the
aforementioned control schemes can only achieve finite time stability. It is noteworthy that the upper limit of
the convergence time is unknown and dependent on the initial states of the control system. To overcome this
problem, fixed-time stable control methods are proposed '), In reference'!), a new integral sliding mode-
based control (ISMC) scheme was developed and applied on the dynamic model of the WMR to enable the
WMR to track the desired trajectory in a fixed time. However, there exists the singularity problem, making the
WMR unable to track the arbitrary trajectories and limiting its practical application when the desired angular
velocity is zero.

In the practical motion environment, there are external disturbances and uncertainties that can deteriorate the
performance of the control system. To cope with the problem, an observer-based control scheme is an efficient

method with disturbance-rejection performance 2],

The traditional observers can only achieve asymptotic
stability of the observation errors, whereas the finite time disturbance observers were designed to improve
the performance of the observer('?]. On this basis, the fault-tolerant attitude control problem of spacecraft
under external disturbances was solved by the introduction of a continuous finite-time observer 4! which
also restrains the chattering phenomenon. Zhang et al. put forward a novel continuous practical fixed-time
disturbance observer and applied it on a WMR, which can not only avoid the chattering problem but also
improve the ability to attenuate disturbance '), Different from the work of Zhang, the Gaussian error function,
which is sometimes called probability integral '), can also be used to develop a control scheme that improves

the chattering problem [7],

Motivated by the above discussions, an integral sliding mode-based fixed-time trajectory tracking control
scheme is proposed by combining the kinematic model with the dynamic model of a WMR in this paper. (1)
A continuous fixed-time disturbance observer using the Gaussian error function is proposed, which avoids
the chattering problem and estimates the external disturbance of a WMR accurately. (2) An auxiliary variable
incorporating variable exponential coefficients is introduced to simplify the design process of the controller
for the third-order subsystem and avoid the singularity problem simultaneously. (3) The reliability and effec-
tiveness of the designed control scheme are verified by a comparative experiment conducted on a wheeled
mobile experimental platform.

2. PRELIMINARIES AND PROBLEM STATEMENT
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2.1. Preliminaries

Lemma 1 '8/ Consider the following system as
X = f(x), x(0) =x¢, x €R (1)

Ifthere exists a positive definite Lyapunov function V (x), which satisfies V(x) < —m V4 (x) —n;V?(x) + o, where
mi,ny, and o are all positive constants. 0 < a < 1,b > 1 are real numbers. Then the origin of the system (2) is

fixed-time stable, and the settling time is bounded by t; < mlﬁ(ll_a) + nlﬁ(lb_l) with0 <9 < 1.

Lemma 2 "9 The Gaussian error function is defined as follows:

T

erf(x) = % /0)C 27 dt (2)

where e is the natural constant. If 0 < x < 1, then the Gaussian error function will satisfy %x <erf(x) < 2x.

Lemma 3 ") For x € R and i > 0, one gets the following chain of inequalities: xtanh() <xerf(3) < |x].

Lemma 4 2%/ The following inequality will hold |x| — £ < xtanh(kx) for any k > 0 and for any & € R, where

e=e D Then, & = 0.2785 can be obtained.

2.2. Dynamic model of WMR

A nonholonomic WMR system is shown in Figure 1. It consists of two balance wheels and two driving wheels,
and the line between the balance wheels is perpendicular to the line between the driving wheels. The distance
between the driving wheel and the barycentric coordinate is R, and r is the radius of the driving wheel. The
position and attitude control is achieved by independent direct current motors, which provide the appropriate
torques to the driving wheels. One assumes that the center of mass of the WMR coincides with the geometric
center. Then, the dynamic model of the WMR is expressed in the form of (21]

X =vcosd
y=vsinf
0=w (3)

Jw=u+d;

my =uy+ds

with u; = Iri(rl - 1), and up = %(Tl + 12). 71 and 7, present the control torques. v and w are the linear and
angular velocities of the WMR, respectively. m denotes the mass, and J the moment of inertia. (x,y) is the
actual coordinates. 6 is the orientation of the vehicle counterclockwise from the positive direction of the X
axis. (%, y,6) denotes the motion of the WMR. d; and d, represent the external disturbances.

The reference trajectory is defined as
X, =v,cos6,
Yy =V, sind, (4)
0, = w,

where x,, y», and 6, denote the position and attitude states of the virtual WMR, respectively.

Assumption 1: Suppose w,, @, v,, and v, are satisfied with |w,| < w;, .., 0] < w1, v/ < vy, And

[Ve| < Vi, Where wy,, W1, Vi add vy, are positive constants.

max
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Figure 1. Physical model of a WMR. WMR: wheeled mobile robot.

Assumption 2: Suppose the dy, d», and their derivatives exist with bounds, which is given by |d;| < ki, |d2| <
kom, where ky,, and k»,, are all positive constants.

Then, the tracking errors of the WMR are expressed as

Xe cos@ sinf O X =X,
Ve | = —sin@ cosf 0 y=—vyr |. (5)
0, 0 0 1 0-0,

Furthermore, the error dynamics system could be transformed in the form of

Xe =Wy, —Vv+v,.cos6,
Ve = VpSinf, — wx,
O, =w—w, (6)

Jw=u +d;

mv =ur+ds

To simplify the whole design process, the system (6) can be divided into two subsystems, which contain a
second-order subsystem:
0, = w - w,
(7)

Jw =uy +d

and a third-order subsystem:
Xe =Wy, —v+v,.cosb,
Ve =V, 8in 0, — wx, (8)

my =uy+ds

3. FIXED-TIME TRAJECTORY CONTROL

In this section, a fixed-time sliding mode control scheme is developed to realize the fast and high-accuracy
trajectory tracking control of a WMR under external disturbances. Firstly, a fixed-time disturbance observer
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and a new fixed-time sliding mode surface are proposed for the second-order subsystem (7). On this basis, a
fixed-time controller is constructed to make the error variables, 6, and 6,, converge into a small region around
the origin. Then, a fixed-time controller is developed for the third-order subsystem (8), which guarantees that
the system state variables, x,, y., and v, are all uniformly ultimately bounded, and the tracking errors, x, and
Ye> can converge into a small region around the origin in a fixed time.

3.1. Tracking control laws design for the second-order subsystem
3.1.1. Fixed-time disturbance observer
Firstly, for the attitude error subsystem (7), define an auxiliary variable as

Sl =w— ] (9)

where @ satisfies

1
Wy =jul+lneff(§1)+112|§1|y} erf(¢1) (10)

The parameters /;; and [, are positive constants with 7;; > ky,,/J. Let variable exponential coefficient y; =

2
lj(:z?cz with Ap and pg satisfying 0 < g < L and 1+ pg < Ao.
1

Theorem 1 For the second-order subsystem (7), if the disturbance observer is constructed as

dy = J(ln erf(s1) + lials " eff(§1)) (11)

then it can estimate dy accurately in a fixed time. That is to say, the observation error d, = dy — dy can converge
into a small region within a fixed time.

Proof of Theorem 1 Select a Lyapunov function as V, = ¢?, differentiating it, one has
Vo =2¢1(0 — 1)
= 25‘1(;(“1 +dp) - (;ul +lerf(gr) + linlsi " erf(gl)))
=26 ( —lierf(s1) = Lol erf (1) + %dl)

1
= —2(111§1 erf(¢1) — jgldl +liagils]” erf(s‘l))

(12)
1
< —2<111§1tanh(§1) - j§1d1 +1261ls1]" erf(§'l))
k
< —2(111|§1| G %Icll +1lsilst|! erf(cl))
< =2plsills1 1 erf([g1]) + 2111 €

= =2lpls1 " erf(s1]) + 20116

where € is a positive constant.
] 2
Case 1 When V, > 1 and || > 1, one has erf(|¢;|) > erf(1) and 1+Z—§22 > 1;%
057

rewritten as

> 1. Then (12) can be

o4y
“2(Lperf(l) = I1yer)|gy| 0"
Ap+pp+! (13)
“2(lpperf(1) - 1)V,

Va

IA

IA

As lyperf(1) —Ij;6; > 0and y; = ’;%‘;ffl:)l > 1, then all the solutions of {V, > 1} will reach the set {V, < 1}
1

2l erf(1)—l1e)(71—-1) "

within a fixed time 77 <
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Case 2 In the converse case V5 < 1, one has

Vo < =2llsillsi " erf([si]) + 201 € (14)

!
As 1 +,uogf > 1and |¢| < 1, it can be obtained that min (|¢1|”") > min (|g1|/10§f) = e
Lemma 3, then (14) is converted into the following form

. Considering the

Vo < =2l2ls1lls1 " tanh(|s1 ) + 21 1€

<2lplsillsi +2lnls11M e + 21116

< 2Uplsiller™ +2hae + 2116

< =2lnlsi " + 2l e + 2ne (15)
< —21126%’0|§1| +2hhe +1lne

< —blvj + €

< —lbVy — (1= Li3)byVy +¢

_ 1

with b = Zleeg,andg =2l1€1+2r6. When 0 < l|3 < 1,and €—(1—113)b1V2 >0, (15) can be Simpliﬁed
. 1

as Vo < =113b1V, . Then, the solution of V; will reach a small set A;, which is defined as A = {g1 [Vi(s1)

IA

& 2 il . . 2
(m) } within a settling time 7, < VI
In view of the above two cases, the auxiliary variable ¢; will converge into a small set A} = {gl Vi(s1) <
(W:IH))Z} within settling time 1y = 17 + 2.
Then, the disturbance observation error
dy = dy - dj
(16)

=d, - J<111 erf(s1) + lials " erf(S‘l))

The disturbance d is bounded according to Assumption 1. Thus, the disturbance observer (11) can estimate

d) accurately, and the observation error d) can remain in a small set A, = {g1|lg1| < kim +J(Lyerf(A)) +

A2
5.
1+poA7

o] A]?! erf(Al))> after a fixed time, where y; =

3.1.2. Fixed-time sliding mode controller

For the subsystem (7), define w, = w — w,. A fixed-time integral sliding mode surface is introduced as
follows 2?]

S1= wet /O (ki1 (10077 + [0, + kia([we P + [we|4))dr (17)

with0 < p; < 1,¢; > |, and (i = 1,2). For any x € R, @ € R", the notation is defined as [x|* = |x|*sign(x).
Based on the sliding mode surface as (17), the fixed-time controller is designed as follows:

w1 = =d (ki (10171 +1007) + ki ([w ) + [w 1) + ar[s1)7 + a1 | + azerf(s) =) = di - (19)

where @;, ky;, (i = 1,2) are positive constants, @3 satisfies a3 > k‘T'" In addition, p;, ¢;, (i = 1,2,3) are all
positive odd integers with 0 < p; < 1,¢; > 1.

Theorem 2 For the second-order system (7), if the fixed-time controller is constructed in the form of (18), then
the real sliding mode variable will converge into a small set within a fixed time.
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Proof of Theorem 2 Choose a Lyapunov function as V5 = 4s? and refer to Lemma 2 to Lemma 4, the time
derivative of V3 is

Va = 51 (@0 + k11 (10171 + 101) + k12w 7 + [, 1)

51 (G4 ) =y 4 K (0177 + 1019) + o (el + T )
=i~ s 17 = o5 - aserf(s) + 5di) (19)

1 -
1 1

< —aq]s1|P = anls|Pt — azs; tanh(sy) + j|51”d1|
< —2[7361’1‘/2133 — 2(;3(1'2‘/;_3 +l§1

_ pa+l

— - 3+1
where p3 = 2=, g3 = £

2 b
order system (7) is fixed-time stable. The sliding mode surface s; will converge into a small region Az =

= azd) with 9 being a positive constant. By using Lemma 4, the second-

L L
{sl [V(s1) < min{(afzzﬁ3 )73, ((lz'“"zzq3 )73 }} around the origin in a fixed time #,, which is determined by #,, <
1

1 . .
a0 T Bl Then, one can obtain that variables 6, and w, converge to zero along the real

sliding mode in a fixed time 23],

3.2. Tracking control laws design for the third-order subsystem
After the angular error 6, converges to zero according to Theorem 2, one can obtain that sin 6, equals zero,
and cos 6, equals 1. The system (8) can be simplified as

Xe = WrYe —V+V,

Ve = —WrX, (20)

mv =u)+d

3.2.1. Fixed-time disturbance observer
Introduce the following auxiliary variable for the simplified third-order subsystem (20)

2=v-—m (21)
where @, satisfies
. 1
w2 = —uy+ Lyerf(¢2) + 1|62 | erf(¢2) (22)
367 . P .
where y, = #ﬁ‘gz, and A3 and p3 are integers satisfying the constraints: 0 < p3 < 1, I + u3 < A3. The
1

parameters /1 and I, are positive constants with /o) > ky,, and Iy > 0.

Theorem 3 For the simplified third-order subsystem (20), a fixed-time disturbance observer is developed in the

form of

dy = m Loy ext(s2) + Lzl erf(s2)) (23)

then it can estimate dy in a fixed time, and the observation error d> = dr — d> can converge into a small region
around the origin within a fixed time t,,.

Proof of Theorem 3 Similar to the proof of Theorem 1.

3.2.2. Fixed-time sliding mode controller
For the third-order subsystem (20), introduce the following auxiliary variable:

t
E=x, +/ (/ll erf(x,) — Ay erf(y,) + A3x, v, erf (ye) + ki |x.|”* erf (i—:))d‘r (24)
0
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where 4 Ay, ki, and €3 are positive constants, 1o < A; erf(1). Let y3 = li:[—jj:z with A4 and u4 being integers
and 0 < pyg < 1, 1+ pg < A4.

Select a fixed-time sliding mode surface as:

o= [ (ko (TEP 41 + kaa (TE17 + 1617 Jor (25)

where k7 and &y, are positive constants, 0 < p; < 1 and ¢; > 1,i = 4,5 are positive odd integers.

Theorem 4 For the third-order subsystem (20), if the fixed-time sliding mode surface is chosen as (25) and the
fixed-time controller is designed as (26),

I :m(v', + Yo + Yo + h(Xe, ye) + kay ([E]P* + [£]94)

. (26)
ey (TE1PS + TE19) + i 5207 + Ball52) %0 + B exf(s2) ) +

then the sliding mode surface s, is fixed-time stable, which will converge into a small region of origin within settling

s 1 — 3 e
time ty, < o5 s+ osme - M(Xesye) = Ay erf(xe) = perf(ye) + Asxeye erf(ye) + ki e 7 erf (%),

in which B1, B2 are positive constants, and pg, q¢ are positive odd integers satisfying 0 < pe < 1, g6 > 1.

Proof of Theorem 4 The proof process will be conducted in 3 steps: (1) After the angular error 6, converges
to zero according to Theorem 2, 55 and the auxiliary variable ¢ can converge into a small region around the
origin within a fixed time; (2) The error variables x,, y, can converge into a small region around the origin
within a fixed time; (3) It should be proved that x, and y, do not escape to infinity before the angular error 6,
converges to zero.

Step 1 Select a positive Lyapunov function Vj = 352, differentiating it and substituting (24)-(26) yields to
V4 = 85287
| BN
=s52( = Bil52]7° = Ba[52]9 — By erf(sz) + Z(dz - d))

1 -
< —BilsalPt = Balsa |96t — Basyerf(s2) + Eszdz

| (27)
< —ﬂl |S2|p(’+1 — ,32|S2|q6+1 — ,33&2 tal‘lh(S2) + —Szciz
m
1 By
< —BilsalPt! = Balsa]9H! - Blso| + — |52/l
< 2P VIS — 285 By VI0 + 4,

where pg = ’”’TH, ge = %, > = B39, with 9> being a positive constant. Using the Lemma 4, the third-order

1 1
subsystem (14) is fixed-time stable, and s, will converge into a small set Ay = {sz [V (s2) < min{( 01023,; =) 7, (a;ﬁ) P6 } }

around zero in the fixed time 7;,, which is determined by

1 1
, < —— —
@g2Po (1 — pg)  @s296¢2(qe — 1)

(28)

Ly

Then, s, will hold in a small region of origin, which guarantees a real sliding mode surface!>*]. Therefore, the
auxiliary variable ¢ and its derivative & will also converge into the origin along the sliding mode surface (24!,

Step 2 According to (25), when the auxiliary & = 0, one has

X
xe = —Arerf(x.) + Ay erf(y.) — A3xeye erf(ye) — ki|x.|” erf (6_2) (29)
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Choose a Lyapunov function as Vs = x2, the time derivative of Vs is
V5 = 2xgxe
= _2(/11xe erf(x.) — Ax, erf(y,) + /13)53)76 erf(ye) + kilx.|” erf(&))
€3
(30)

IA

(el = dolrel = i+ Kl e ()

IA

X,
2 kieshrel el erf (1) - )

where ¢, is a positive constant. The rest of the proof is similar to the proof of Theorem 2. There exists a constant
0 < 3 < 1 such that the variable x, will reach and keep in a small region As around the origin within a fixed
time 75:

1 1

A + Ay
kigse 2 2kie(gpn — 1)

T <

(31)

Then, it can be obtained that the %, is a uniformly continuous form (29). Employ Barbalat Lemma (25] to prove
X, — 0ast — oo, then X, is bounded after the variable x, converges. Hence, there exists a small region As
around the origin that y, can converge into As.

Step 3 Before the angular error 6, converges to zero, 6, # 0, such that subsystem (13) cannot be simplified
as (19). It should be proved that system state variables x,, y., and v are bounded before the angular error 6,
converges to zero.

Consider the following bounded function:

1
Ve = —x? +-y?

FVet [v] (32)

The time derivative of V is
Vo < |xellxe] + |yellyel + V]
< [xellXel + [yellyel + m(wry'e + | 1(xe, ye)| + ka1 (€17 + |€]%) + koo (€175 + |€]%)
|d, |
RISl + alsle) +

< Ixel el + [yellyel +m(|y'e| + kot (€174 + [€]%) + koo (I€172 + 1E1%) + BilsIh® + Bals]3

: . . ki Aglxe| x| 2|x|
425 (el [yl + el el + el el el) + — 20 e (14 =2 )
L+ poxe 1+ praxg (33)
2k1 A
+ xe |73 |% )+—
= e be) +

< fxefbe| + [yellyel +rn(|y'el + kot (€174 + [€]%) + koo (€172 + 1E1%) + BulsIy® + Bals]y’

) . . k14 da_y
+/13(|xe||Ye| + [xel|Vel + |xe||ye||ye|) + ?(1 +2|xe ) |xe| s x|

+

2ky A ||
el el + <2
7
Let 7 = Vx2+y2+|v| > n > 1, then one has the following inequalities: |x.| < 71, |y.| < n1,|v| < 7.
/174
Furthermore, there exist positive constants a;(i = 3,4),b;,¢;, (I = 4,5,...,9), which satisfy |x.|* < a3n,

Ay .
|xe|#4 < agmy, |$2|P8 < ba+ cany, |52|76 < bs + csny, |E1P4 < bg + cons €194 < by + comy, |E|PS < bg + cgn,
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|£195 < bg + cony. According to Theorem 3, the state variable 6,, w will converge into the origin within a fixed
time f,,, then one has 6, < 0, |w| < Wy, |dy| < kg. Further |y.| < || < v
(33) can be simplified as

+ w,,n can be obtained. Then,

max

mk1/14

Vo < (2n1 +2mAs + 17 +m)(vi,, +wnn1) + (Vi + Om]1)aan

kal kd
+ a3t (Vi + Omi1) + —
e\ m
2
2mkiagd 2 k 34
< ﬁ2(2\)1“]“ + 3w, +2mAz +m+ M(vlmax +wp) + st (Vi T+ a)m)) (34)
2 Ha e
k
+2mAzvy,,, + &
m
< KVg+ 01
where K and o, satisfy the following constraints:
2mkiasd 2 k
K = 2(2v1max + 3w +2mAy +m o+ T )+ Bl wm)) (35)
i er
k
01 = 2m/13v1max + Zd (36)
m

On the contrary, if ; > 1, there exists a positive constant g,, which satisfies Vg < 02. One has Vs < KVg + 03
for the state variable x,, y., v. Further, before the angular error 6, converges to zero, one can obtain

3 3
Ve < (Vs(0) + %)e’“ - % (37)
Remark 1 The auxiliary variable & in (24) can reduce the order of the third-order subsystem, which simplifies
the process of the controller design. In addition, the controller developed in this paper can guarantee that the
system state variables converge in a fixed time and the chattering problem is solved by using the error function
erf(-). Furthermore, utilizing the variable exponent coefficient in (24) avoids the common singularity problem.

4. EXPERIMENT RESULTS

To verify the effectiveness of the proposed control scheme, the trajectory tracking experiment is implemented
on a Quanser QBot 2e mobile robot platform composed of a QBot 2e mobile robot, an OptiTrack system with
12 infrared cameras, and a computer. The experimental platform is presented in Figure 2. The whole closed-
loop experiment structure is as follows: The simulation diagram is compiled on the host computer equipped
with MATLAB/Simulink to transform the simulation into an executable file. And the control scheme is written
to the Gumstix computer embedded in the QBot 2e through wireless communication protocol. The real-time
position information of the QBot 2e is obtained by the OptiTrack positioning system. Then the host computer
calculates the information and transmits them to the embedded computer of a WMR for the input of real-time
calculation of executable files. So as to complete the trajectory experiment of the mobile robot.

In the experiment, the physical parameters of the QBot 2e are chosen as follows: m = 4 kg, J = 2.5 kg - m?,
The desired reference trajectory is set as x, = cos(0.27) m, y, = sin(0.2¢) m. The initial values of the reference
and practical trajectories are [x,(0),y,(0),6,(0)]T = [1,0,7/2]T, [x(0),y(0),6(0)]" = [0.7,-0.02,x/6]T,
respectively. The main relevant parameters of the proposed control scheme are as follows: k; = 0.001,
ki1 = k12 = 0.9, kp; = 0.05, k2 = 0.06, €, = 0.00001. Choose the parameters @) =2, @y = 0.5, 81 = 52 = 1
for the sliding mode surface s; in (17) and s, in (25), respectively.
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Figure 3. The comparative trajectory tracking experiment results of the WMR. WMR: wheeled mobile robot.

It is obvious that the WMR trajectory tracking mission can be achieved by the designed control method as
plotted in the red track in Figure 3. The time response curves of the sliding mode surfaces, 51 and s, are
shown in Figure 4, which converge very quickly. To illustrate the excellence of the proposed control method, a
comparative experiment on the trajectory tracking of WMRs is conducted between this work and reference (¢,
The control inputs of the designed control scheme and reference are shown in Figure 5, which are nonsingular
and continuous. Figure 6 illustrates the tracking errors in this experiment, which have a big fluctuation due to
the influence of external disturbances. In the experiment, the external disturbance is from the experimental
environment, such as uneven ground. The observed disturbance values are shown in Figure 7, which indicates
the effectiveness of the proposed disturbance observer in this work. From the experimental results, it can
be concluded that the designed control scheme has the robustness against the external disturbance and high
tracking accuracy.

5. DISCUSSION

In this paper, a universal control scheme for fixed-time trajectory tracking based on ISMC is put forward.
The dynamic model of the WMR has been transformed into two error subsystems. Then utilizing the fixed-
time technology and ISMC, a new fixed-time disturbance observer has been proposed and applied on the two
error subsystems. Furthermore, an observer-based tracking control method has been proposed to achieve
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ment.

a trajectory tracking mission for the WMR, and guarantee the tracking error converges within a fixed time.
Finally, the proposed control approach has been verified by a mobile robotic platform, and the experimental
results show fine control performances. Our future work will focus on how to realize the formation tracking
control of multi-wheeled mobile robots in both theory and experiment.
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