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Abstract—The paper introduces an algorithm application
of an adaptive Dynamic Sliding Surface Controller that
integrates neural networks and fuzzy logic systems with traction
tracking for a Mecanum Wheel Mobile Robot. In this
framework, neural networks are employed to approximate the
uncertain nonlinear numerical aspects of MWMR, while fuzzy
logic systems are utilized to adaptively. The stability of the
closed-loop system is investigated using the Lyapunov criterion.
The proposed controller is verified by numerical simulation.
The simulation results show that the proposed controller
performs better than the backstepping sliding controller in the
case of uncertain model parameters and when there is an impact
disturbance.

Keywords—Mecanum  Wheeled  Autonomous  Robot
(WMMR); Sliding Mode Control (SMC); Fuzzy Logic System
(FLS); Neural Network (NN).

. INTRODUCTION

Recently, omnidirectional autonomous robots have been
improved to increase manoeuvrability and payload, aiming at
specific industrial applications, including changing the Omni
wheel structure to using Mecanum wheels. Mecanum wheels
have two common types: a = 450 and a = 900 [1]. When
transmitting torque to the wheel, the rollers on the wheel in
contact with the floor will form two velocity components,
such as the velocity in the direction of wheel movement and
the velocity perpendicular to the roller axis, and the direction
depends on the direction of the torque. Therefore, controlling
the motor's coordination, starting with the driving wheels,
will create a force vector that pushes the self-propelled robot
in different directions, increasing the robot's flexibility.
Therefore, in recent years, this type of wheel has also been
applied in the design of autonomous robot models for
logistics and transportation with small areas that are not
enough to design a turning path for the robot, such as L.
Schulze et al. [2] created an omnidirectional robot using
Mecanum wheels with two functions of transporting and
pulling shelves, or Michael Goller et al. [3][4] applied
Mecanum wheels to design robot models to serve
supermarket. In addition, there are several other studies [5][6]
for industrial production, agriculture [7][8], industrial
production transportation [9]-[11], and space exploration
[12].

Nowadays, due to the complex working environment and
small and narrow space, the design of the turning radius for

the robot is not enough, so MWMR has been improved and
upgraded to meet the requirements of intelligent logistics
systems and modern industrial systems [13]. MWMR is
integrated with the loT-based manufacturing system in the
factory's internal logistics automation system [14].

Furthermore, MWMR is integrated with a controller to
perform a variety of tasks, including large-scale wind power
plant blade processing [15], Super Proton Synaptic
acceleration tracking robot [16], aromatherapy robot
providing essential oils or medicinal products to avoid or
alleviate COVID-19 infection [17], and so on. To facilitate
the design and application of control algorithms as in [18]-
[27] or trajectory algorithms [28][29] and image processing,
vision systems for robots in [30], and [31], robots are
modelled using kinematic models and dynamic models,
based on the Euler-Lagrange principle but differ in the
mechanical structure, transmission of WMRM such as using
three wheels, four wheels, of which typical are [32]-[40].
With the nature of nonlinear models, the estimation or
omission of model parameters significantly affects the
control quality of MWMR [41][42] are two works that have
been carefully and qualitatively studied in building kinematic
and dynamic models for WMRM, with the most scientific and
complete evaluation and parameter estimation for WMRM
models. There are also a few studies that have focused on
examining the navigation position of autonomous robots as
well as control according to the kinematic model of WMRM,
shown in [43]-[46]. Due to the limitations of using only the
dynamic model with nonlinear components, including
friction, vibration, wheel slip, etc., for the motion control of
MWMR, the dynamic equation is considered to obtain a more
effective method for improving the control quality. The
dynamic model is constructed in [47] and [48], followed by
some tracking control algorithms for this full model in [49]
and [50].

Therefore, many controllers have been proposed to
control the trajectory tracking motion for MWMR, among
which the PID controller is still the typical controller [51]-
[53]. However, the PID controller cannot control the system
effectively due to its low accuracy when the motion trajectory
is complex and the desired velocity changes over time. To
overcome the disadvantages of PID, the PID controller has
been improved to respond to MWMR with uncertain
parameters, such as the fuzzy PID controller [54][55]. On the

50

Journal Web site: http://journal.umy.ac.id/index.php/jrc

Journal Email: jrc@umy.ac.id



Journal of Robotics and Control (JRC)

ISSN: 2715-5072

1052

other hand, the algorithm uses a genetic algorithm to find
near-optimal motion trajectories in logistics planning for
mobile robots [56]. The controller architecture is based on a
sliding model that includes connections like non-contact
senses for precise route tracking [57][58] etc. is also a new
approach to improve the control quality, and this algorithm
also gives results with good tracking quality, maximum
deviation of about 0.08 (m). To ensure the control quality
when considering nonlinear components, the Backstepping
feedback method is a feasible solution to solve the back-
propagation nonlinear mathematical models [59][60].

However, for high-order nonlinear systems, the
computational volume is large and complex and takes a lot of
time due to the need to calculate the derivative in each
iteration step. Next, the sliding mode controller (SMC) was
then utilized [61]-[65] in the event of a disturbance-prone
system. However, the SMC method has a restriction in the
form of chattering, which can be reduced with an accurate
object model. This contradicts the robot model's
characteristics and parameter uncertainty. The Dynamic
Sliding Surface Controller (DSC) is an effective alternative
control method for nonlinear systems such as MWMR to
improve the control quality and limit some disadvantages of
the Backstepping and Sliding controller. Research [66] has
presented the structure and construction method of the DSC
controller. When the system contains uncertain components,
the study focuses on improving the Backstepping controller
and developing a Multi-Sliding Surface Controller (MSSC).
Considering the system stability based on the Lyapunov
control function. However, to avoid taking derivatives in the
iteration steps of the virtual controller, DSC has added a low-
pass filter [67]. In recent years, there has been a trend to use
DSC because of its advantages [68], [69]. For MWMR, it is
difficult to build an accurate mathematical model because
factors such as friction, changing loads, and changing
environmental conditions are unpredictable. Therefore,
modern, practical design methods, in this case, are to use
adaptive algorithms to tune the controller parameters or
approximate the uncertain parameters of the object. Many
research works in this direction use fuzzy logic systems as
adaptive tuning mechanisms for nonlinear controllers [70]-
[74].

However, when the system comprises a large number of
uncertain nonlinear components, the system model deviates
significantly. As a result, an algorithm is required to
anticipate and estimate the unknown components in order to
develop an adaptive controller for the system. With their
ability to learn and estimate nonlinear functions with great
accuracy, NNs have piqued researchers' interest in adaptive
control system applications. The radial neural network (NN)
is a technique for estimating unknown parameters in the
controller [75]-[78].

Furthermore, the NN is paired with a fuzzy controller
[79][80], establishing a new viable research direction for
MWMR. That is also the research direction chosen in the
article. The results of this investigation will be presented in
four sections. Sections 1 and 2 outline the research objectives
and mathematical modelling equations for MWMR. Section
3 discusses the algorithmic structure of the controller, as well
as simulations performed to evaluate and validate the

proposed controller. Section 4 concludes and provides
directions for further research.

1. THE FOUR MECANUM WHEEL MOBILE ROBOT

A. The Kinematics of WMMR
Consider a Mecanum-wheels omnidirectional mobile
robot as Fig. 1.

A

Fig. 1. Kinematic relationship of Mecanum-wheels mobile robot

The velocity vector is parallel to the axis and at an angle
of 45 degrees as shown in Fig. 1.

Vr1,
\/EI

Ur2

= Irz Ura,
Ux2 = Va2 + Nek vy2 - NeE

— Ur3 _ Urs, (1)
Vxz = Vo3 + 5 Vy3 = 55

_ Ur1
Vy1 = Vyp1 + N Vyp =

VUrg Vra,

Vya = Vg + N Vys = 7z
The wheel speed is calculated according to the robot's.

Uyt = Uy — AWy, Vyg = Uy + bW, Uyy = Uy + AW, Uy

=v, + bw, @)
Uyz = Uy — AWz, VUy3 = Uy — D, Uyy = Uy + AW, Vyy
=v, — bw,
From (1) and (2) we have:
Vg, = 6, = v, — v, — (b +a)w,,v,, = 6,
=t U, + (b + a)w, 3)

Vw; = 93 = Ux+vy_ (b+a)a)z,vw4 = 94
=vu—v,+ (b+ ),
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From formula (3):
Vo = JUy ) . r . . . .
i 9, = =—(—-60,+6,—0;+0,);
With: v, = [0,0,0, 007 w=lavead = 0T TaEapn CHT TG,
[%0, y1,6,]" Uy = [01, 02, 03, 0u]" = [r0;, 16, 105 16,]"
1 -1 —(a+b) From formulas (13) and (14) we have:
_ 1 1 (a +b) 1 2 Ir? ) ) ) )
J=11 1 —(a+b) (%) :E<m;r +m+lw)(93+9§+9§+93
1 -1 a+b m,r? Ir? .. .
( ) (tT _W) (6,65 — 6,6,) (15)
From (4) and (5) we deduce: 12 S
. . . . 64 —W(Glez - 0,0, — 6,0, +050,)
" lo.1
. r| -1 1 1 -1 |]6; whooq o mer? o gt
U = gl]_‘l‘ _ 1 1 1 1 I[93J| (6) WIth.A—T,B—W,
l
atb ath ath ath Equation (15) will be written:
The equation representing this relationship is also the 1 oy y S
robot's kinematic equation. 7=+ B 1)(0F +07 407+ 03)+(4 = B)(0:0,+0,0:) (1

a'c —59 0
q= / =Ry, = (M
9
Cosf —Sin6 0
With: R(6) = [Sin@ Cosé O
0 0 1
Formula (7) yields the robot system's kinematic equation:
v, = R(O) g 8)
Instead of (4) we have:
o =Ju =JR(O)q )

B. Dynamics of WMMR

The kinetic energy of a self-propelled robot is calculated
by the kinetic energy of the robot body plus the kinetic energy
on the 4 wheels:

1 1

Tl = Emlvlz +§[lwzz (10)
1 1 1

Twl—zmuJ w1+21 w,* + = I 07 a1
1 1 1 2

Ty2 = zmwvw2 +21mwz +21 92
1 1 1

ng—zmw w3+21 w2 += I 93, 12)
1 1 1 2

T(u4 = Emwvm + Elmwz + Elw94

T;: Kinetic energy of the robot;T,,; Kinetic energy of the
wheels (i=1, 2, 3, 4).

From formulas (3), (10), (11), (12) we have the total kinetic
energy:

1 1 1
Tzamt(x,2+y'lz)+§1wzz+51m(912+922 +62+62) (13)
With: m, = m; + 4m,; 1 = I, + 4m,(b% + a?) + I,
According to formula (3) we have:
T . . . .
:Z(el+62+63+64);vyl =y =

) ro. . . .
Uy =X Z(_91 +0,+06;—6,)

— B(0,6, — 6,05 — 6,0, + 6;6,)

With: L =T - V is the Lagrangian function. Using the Euler-
Lagrange equation, we have:

d 0L\ 0L
—|—=)—-==1-F 17
dt (ae) =1-F@) (17)
Using equations (15) and (16) with the Lagrange method
(17), the robot's motion equation is described by the system
of equations:

( (A+B+1,)6; — B, + B, + (A —B)b, = 1, — f,, sgn(6;)

—Bb, + (A+B+1,)8,+ (A—B)d; + Bb, = 1, — f., sgn(6,) (18)
BO, + (A—B)d, + (A+ B +1,)8; — B, = 15 — f.3 sgn(65)
(A—B)d, + Bb, — B, + (A+ B +1,)8, = 1, — f., sgn(6,)

©T1=M§+Gsgn(8) +14 (19)

56 =1[6,,0,,05,6,]";
F(é) = [fc1 sgn( 91)ﬂfc2 sgn( 92)!fc3 sgn( é3)!fc4 sgn( 94)]T (20)
741 the external noise component:

With: 7 = [14, Ty, T3, T4]

(A+B+1,) -B B (A-B)
o= -B (A+B+1,) (A-B) B
= B (A-B) (A+B+1,) -B
(A-B) B -B (A+B+1,)

But according to the kinetic equation (9)
v, =Ju =JR(O)'q & 0 =JRO) ¢
=60 =JR(O) ¢ +JR(O)'q+JRO) ]
So the dynamic equation (20) will be written:
T=MJRO) G +JR(O)G) + G sgn(JR(O) ') + 14 1)
=1 =M/R(O)G+MRO)q+ Gsgn(JR(OIG) + 14
Adaptive Sliding Surface Traction Tracking for Mecanum
Wheel Mobile Robot
C. Sliding Controller

To simplify the calculation and demonstrate the stability
of the control system, the state variables of the system are set
as follows:

{ x=q=[x y ¢I" 22)

x; = vg = [Vox VGy Q]T
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fCl = sz
= {M])'cz + MJx, + G] sgn(x,) +t4 =Et (23)

Assuming no external noise components, the MWMR model
has the following form:

{ 5{1 = sz 24
Mj%; + M]x; + G sgn(x;) = Et &)
Set:e; =Xy — X14,X14 = qq = [Xgq Ya ©al
= é; =X — X4 = Rxy — Xpq (25)
B is defined as:
ﬂ = —R_I(Clel - de) (26)
C1x 0 0
Withc, =0 ¢y 0
0 0 cl(p

B is fed via a first-order low-pass filter.
By + B = B 27)

T was chosen to be minimal enough that it did not increase
DSC computation time.

) . PB-8
Br) =531 P = Tf

Prove the stability of the virtual controller. The proposed
lyapunov function:

(28)

vV, = %efel (29)
V, = elé, = é,(Rx, — %,9) = —elcie; + el (cie; + Rx, —%,9)  (30)
With x, = B then V; = —elc,e; + el ¢,(es-e;) = —el cie,
From (30) and (26) we can deduce that:
V, =-elcie; <0 (31)
Let e, be the virtual control signal error and is determined by:
e; =X, — fBr (32)
Select slide surface:
S=21e;+Ne, (33)
With 4 > 0 is the coefficient of the slip surface.
S =26+ Né, + Ne, = 2é; + Ney + N(%, — ) (34)

=S =26, + Ne, + N[J7IM2(MJx, — G] sgn(x,) + Et) — f;]

Next, to improve the control quality, we consider the
system stability as follows: The second Lyapunov candidate
function is chosen to ensure the system's stability and
calculate the control signa.

1 T

The control signal of the system will be calculated in the
form of a sliding mode controller to increase the system's
robustness to disturbances. Therefore, the control signal
consists of 2 components as follows: ., is defined as

follows:

_ _ T Ty-1 M](N_l()tél + Nez) - xza))
fea = “EEED) (—foz — G/ sgn(xy) (%)

T, 1S defined as follows:
Tow = —ET(EET)IMJN™1(c, sgn(S) + c35) (37)

e O 0 3 O 0
With CZ = 0 Czy 0 ) C3 = 0 C3y 0
0 0 ¢ 0 0 c39

The system’s control signal is the sum of 7,4, Tgy,:
T =Teq + Tsw (38)
=le=si==s {llve[}tgei(thz — G sgn(3xz) + Ex) - Bf]}

With (36) and (31) then x,4 = f55:

=V, = —=STc,sgn(S) — STc;S,; (39)
With ¢, and c; are the coefficients, so:

Vy,=—=5Tc,sgn(S) —STc;S <0 (40)

This satisfies the Lyapunov stability criterion.

e Simulation results using the DSC control algorithm in the

absence of impact disturbances. DCS controller
parameters are determined: ky; = ky, = ky3 = k = 13.

Fig. 2 and Fig. 3 illustrate that in the first stage, when the
robot's location is not yet in orbit, the DSC controller acts to
advance the robot quickly toward the orbit, with a low
transient component. The orbit tracking quality is good, with
low deviation:

x, = 0.0152(m); y, = 0.0623(m); 6, = 0.0361(rad),

Reference trajectory
DSC controller

-4 -3 -2 -1 0 1 2 3 4 5
x (m)

Fig. 2. Representation of circular trajectory with DCS controller

Error y(m) with DSC
Error x(m) with DSC
Error theta {rad) with DSC

Error y{m) Error x{m)
poo b  Loa=
O o= h oW -——_1 ‘

.
=
o

L 2
2.1
£ 3 Dl:
e Bk
e =5l
o | | | ]
o 5 10 15 20 25 30
Oftsat=0 Time (s)

Fig. 3. Representation of circle components tracking error x,, y,, 6,
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when the system is in a steady state:
e Simulation results using the DSC control algorithm have
impact disturbances.

Suppose the disturbances are random values that affect
the system and satisfy the condition |t;| < ¢. DCS controller
parameters are determined: ky; = ki, = ki3 = k = 13.

Comment on the results: With the DSC controller
(shown in Fig. 4 and Fig. 5), the chattering phenomenon is
significantly reduced, and the influence of noise is also
reduced. The response time is faster when using the input
low-pass filter; the tracking error is eliminated. However, to
reduce the chattering phenomenon caused by noise, the effect
of the sign() function will be approximated by an online
artificial NN and compensated in the control law.

£, AEdMa S ol

E -
-

-1 e Rieference trajectory

DSC controller
-2 -
a [ 1 L L 1 1
-4 -3 -2 -1 (1] 1 2 3 4
X (m)

Fig. 4. Representation of circular trajectory with DCS controller

—_— 1 [

Eor

» -1 Error yim) with DSC

g -2 Error x(m) with DSC

w o, Error theta (rad) with DSC
0.3

E 02

o 04

g o

w 0.1

B

i %

@

£ -

Pl |

S

E

w

5 10 15 20 25 30 35 40 45 50
Time(s)

S

Fig. 5. Representation of circle components tracking error x,, y,, 6,

B. Adaptive Fuzzy Neural Network Dynamic Surface
Controller for MWMR (AFNNDCS)

1) Approximating the MWMR model uncertainty using
radial neural networks.

In the event of considerable model variation, control
quality is no longer guaranteed. As a result, reviewing model
deviation and making adjustments in the control component
will help to improve the controller's quality. Thus, altering
the controller values combined with online unknown control
will surely enhance the performance of the MWMR system
of controls. Fig. 6 presents a framework diagram for the
AFNNDSC measuring control system.

Control

signal sw T
m
=)

Virtual ~ € Dynamic S
signal ~ Surface
*y

r:ﬂ

% Control
signal eq

Neural
+ network

H

L 4

Fig. 6. Controller structure diagram AFNNDCS
The uncertain components are represented by the
expression:
@& =-M1Y Y MJx, — Gsgn(x,) +14) (41)

@ is a 3x1 vector value that contains the MWMR's uncertain
components.
x; = Nx
= { . —12 -1
X, =Dd+M ] ET
The derivative of the sliding surface is calculated using

the same techniques as in the preceding section for the
controller design:

(42)

$=2é,+Né, + Ne, = Aé; + Re, + N(& + M~ 'Et— %)  (43)
System control signals:

T=Teq + Tow (44)

Teq = —ET(EET)'MJ(N~1(1é; + Ney) — %24 + P) (45)

Tow = —ET(EET)*MJ (¢, sgn(S) + ¢35) (46)

with = [®, ®, @] isthe output vector of the neural

network trained online to approximate the uncertain
components of the system.

x;=[x y 0]" and x,=[v v, @ MT are the
position and velocity vectors of the robot. The proposed NN
network is shown in Fig. 7.

7 b
2 —>
X, Vs o
: S
x2 S 5
Vs (DH
Y, 2—>

Fig. 7. Radial neural network

Hi1 M1z Ha3
u= M:ZI /1:22 #;23 yy=1["1 Y2 ¥n]T is a vector
HUni  HUnz  HUnps

that contains the neuron nuclei's output values.

Ha Vo Thu, Application of an Adaptive Dynamic Sliding Surface Controller with Traction Tracking for a Mecanum Wheel Mobile Robot



Journal of Robotics and Control (JRC)

ISSN: 2715-5072

The adaptive law of & (47):

d=u"y+eand d ="y (47)
Then i =pu—f.
The output of the hidden layer is defined as:
X, — 04117 + 11X, — 05117
yizexp<_ll 1~ 0yl 2II 2 2”) (48)
Y;
The update rule has the following form:
a=TyS"™N=clSID (49)

With: " is a positive definite square matrix of order; ¢ is the
learning rate of the NN. For (23), (44) and (49), and satisfies:

el
Eyt¢
ISl > ——— (50)
C3min
Choose the Lyapunov function:
1 1
v, = ESTS + Etr(ﬁTrlﬁ) (51)
>V, =STS+tr(@"1 i)
=STS+er(@"r'(p—f))=S"$ (52)
—tr(A"I ') (i=0)
>V, =—STc, sgn(S) — STc;S + STN(D — D) (53)
—tr(@"h)
=V, = —STc, sgn(S) — STcsS + STNe + STND' y (54)
—tr(@"r*h)
=V, =—-5Tc,sgn(S) — STc3S + STNe (55)
+ ISl er (@ (u — @)
Apply the inequality Cauchy-Schwarz
Tr(@ (u—m) < Nallrllulls — IalE (56)
=V, < —STc,sgn(S) — STc;S + STNe
+lISICANF el = NENE)
< —STcy,sgn(S) — STc¢;S (57)
+ ISlley
+lISIUCANF el = NENED
With blocking condition (54), V, become:
: 1 z
V, < =87c, sgn($) = slSl (Ially =5 llull) ~ (58)

2) Fuzzy rule construction for AFNNDSC

The parameter Cy;(i = x,y,0) is the first output of the
fuzzy set and is also a parameter of the sliding surface. The
parameters C,;(i = x,y,0) and Cs;(i = x,y,60). Are the
second and third outputs of the fuzzy set.

The inputs of the fuzzy regularizer e, e;,, e;9 and
derivatives. The input fuzzy sets and output constants are
selected through experimentation. The fuzzy sets for the input
linguistic variables are shown in Fig. 8 and Fig. 9. The output
values of the fuzzy regularizer are shown in Table I.

Table | represents the basic inference rule of the fuzzy
controller for two outputs.

1056
Membership function plots
. NB NS Z PS PB
05
0
10 5 0.01 0 0.01 5 10
Input variable "e"
Fig. 8. Fuzzy sets for input e,
Maembarship function plots
.| NB NS Z PS PB
0.5
0 '
5 12 -0.06 0 0.06 12 25

Tnput variable "de"

Fig. 9. Fuzzy sets for input &,

TABLE I. OUTPUT VALUES C;,C,, C4

Variable output language C, C, and G4
VS 5 25
S 6.5 275
M 8 30
B 9.25 325
VB 10 35

In this situation, external disturbance torques, specifically
Gauss noise (shown in Fig. 10), have a direct effect on the
robot's motors, while friction ignores the interference. The
coefficient for the chosen sliding surface is: A=
diag(8,8,8).

30
25
20
15

value

0 5 10 15 20 25 30
Time (s)
Fig. 10. Torque noise (Nm)

Below are the simulation results in Fig. 11 to Fig. 21:

= = = = Error with DSC controller
------------- Error with AFDS controller
Error with AFNNDSC controller

Error x{m)

| | | | | | | | —

2 3 4 5 6 7 8 9 10
Time (s)

Fig. 11. Represent error on the x-axis
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05 [ I I [ | I
0
=05
E -
=
l—
g -2
. -3 = = = = Error with DSC controller
------------- Error with AFDS controller
-4 | ‘ Error with AFNNDSC controller {
1 2 3 4 5 6 7 8 9 10
Time (s)
Fig. 12. Represent error on the y-axis
|
e e — —
6 1 — ‘ \ Y —
g 03 P N L S e PeefioniFS -
Pt O R N R ST T < i
8 '0'? = ~. i f T 7 - —
o AN —%— —
£ 1o~ ~7
o 2 T;" ' = = = = Error with DSC controller
ut.l 3 I—- ------------ Error with AFDS controller
41 ‘ | | | Error with AFNNDSC controller

5 6 7 8 9 07 1"
Time (s)

Fig. 13. Representation of deviation angle

0 5 10

15 20
Time (s)

Fig. 14. Representation of parameter C,

c23y

C2,3 theta
g &
—

- A A A
0 5 10 15 20 25 30
Time (s)

Fig. 15. Representation of parameter C,, C5

1057
3
2
1 i e
Eo
=
Reference trajectory
L1l R R r— DSC controller
= AFDSC controller
2 » = AFNNDSC controller
-3
4 3 2 4 0 1 2 3 4 5
% (m)
Fig. 16. Circular orbital motion of the robot
0.15 T
s - DS |
"\ N i 1 ]
— 08 \ T AFNNDSC
E Y
H S
E . \"" f'::
o -0.05 e £
0 \
0.1 S Cdm—
> \:...___".f’
-0.15 I 1
-0.2
o a
6 8 10
Otenr=n Timel(s)
Fig. 17. Represent error on the x-axis
[ o a
1 ] I [ b
15 1
1
:‘I =-==-DSC
H seenans FDSC
. 1 — |
£ 113 AFNNDSC
T |3
5 |1
b o ; o
w 0.5 k]
= 1
® \
-
0- '_‘-----—---"‘q o
o : : o : ! a
0 2 4 6 8 10
Time(s)

Fig. 18. Represent error on the y-axis
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x107 1. CONCLUSION

i T | The primary purpose of this research is to investigate and

e f ====DSC propose an artificial adaptive fuzzy sliding surface controlled

— 0.01 i_,l " FDSC by adaptive strategies for tracking the motion of MWMR

-] with uncertain constant parameters and external disturbances

%- s that alter the mathematical model (1). This algorithm is based

E ! on the DSC and the adaptive control structure combines NN

3-0.01 I — I R ' and FLS, with NN used to approximate the unknowable

2 nonlinear component of MWMR and the FLS used to change

< 002 | the DSC parameters continually. The closed-loop system's

stability was evaluated using Lyapunov principles.

-0.03 Simulation findings demonstrate the mathematical model's

: o : 4 reliability, the proposed control system's effectiveness, and

4 Timﬁms) 8 10 the feasibility of practical application. In the near future, the

Fig. 19. Representation of deviation angle

| | | | X-axis uncertain value

40 — T || = = = = x-axis approximation value
30 ,|— =
20 - —
10 |- —

0 - al
10 F’ _
20— \ | | | \ \ \ \ [—

0 1 2 3 4 5 6 7 8 9 10
Time (s)

Fig. 20. The value of &, compared to &,

\ \ \ \ - ;
y-axis uncertain value

20 — = = = = y-axis approximation value
15— m
10 |— m

51 .

0 o T
-5 |
1o | | | | | | | | | .

0 1 2 3 4 5 6 7 8 9 10
Time (s)

Fig. 21. The value of @,, compared &,

| | : ‘ ‘ ‘ . . .
2 ———— Theta uncertain value 1
— — — — Theta approximation value

Time (s)

Fig. 22. The value of &, compared &,

The orbital motion error of the three converters is shown
in the Table II.

TABLE Il. MAXIMUM DEVIATION VALUE WHEN ROBOT FOLLOWS

TRAJECTORY
" Representation of error values
Controllers X(m) y(m) 0 (rad)
DCS 0.1352 0.1583 0.00552
AFDCS 0.00126 0.00315 0.000252
AFNNDCS 0.000472 0.000423 0.000294

authors will research and test the MWMR autonomous
vehicle model in order to test the controllers. This product can
be used in practical training for students and graduate
students in robotics, automation, control and mechatronics,
which are currently in great demand in Vietnam. The
development direction is towards practical applications such
as manufacturing autonomous robots in warehouses,
factories, logistics, environmental monitoring robots in
places with toxic ecological conditions, robots serving
medical.
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