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Abstract—Predictive sliding mode controller have been succe-
fully implemented in the last 10 years overcoming the drawbacks
of the traditional sliding mode control and the generalized
predictive control strategies. This paper investigates the stability
analysis of the new Discrete Predictive Sliding Mode Controller
(DPSMC) for multivariable systems. The basic objective of the
controller is to approximate the predictive sliding function vector
Sp_mrmo to the sliding reference function vector S, arrnro,
penalizing at the same time the variation in the control signal.
The designed control strategy is more robust and has a chattering
reduction property and a faster convergence on the system state.
Finally, a numerical example is given to illustrate the effectiveness
of the proposed control, in comparaison with the classical sliding
mode control.

Keywords—Multivariable systems, Sliding Mode Control, Model
Predictive Control, Predictive Sliding Mode Control, Chattering
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I. INTRODUCTION

Many complex engineering systems are equipped with
several actuators that may influence their static and dynamic
behavior. Commonly, in cases where some form of automatic
control is required over the system, also several sensors are
available to provide measurement information about impor-
tant system variables that may be used for feedback control
purposes. Systems with more than one actuating control input
and more than one sensor output may be considered as mul-
tivariable systems or multi-input-multi-output (MIMO). The
control objective for multivariable systems is to obtain a de-
sirable behavior of several output variables by simultaneously
manipulating several input channels. withal, the presence of
external disturbances, parameters uncertainties and time delays
make difficult the design of an exact mathematical model and
the development of a suitable control.

Research in this area continues to grow. In fact, over the last
20 years much research has been developed, particularly, in
Sliding Mode Control (SMC) and in Model based Predictive
Control MPO)[1].

Sliding mode control is one of the powerful control meth-
ods for systems containing uncertainties and unknown distur-
bances. The first step in SMC is to define a sliding surface. At
the second step, a feedback control law is designed to provide
convergence of a system trajectory to the sliding surface, in
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finite time.

Sliding Mode Control is well used for multivariable systems
[2], [3], [4], [5]. However, in spite of the robustness of the
sliding mode control, the chattering phenomenon, caused by
the discontinuous term of the control law, is still the main
problem of the SMC which consists in a sudden and rapid
variation of the control signal leading to undesirable results [1].
Many approaches have been proposed to solve this problem
such as high order sliding mode control [6], [7], [8].

On the other hand, in recent years model based predictive
control(MPC) has received a lot of attention in the control
theory and applications. It has been successfully implemented
in many industrial applications, showing good performances.
The main idea behind Model Predictive Control is to calculate
a sequence of future control signals in such a way that it
minimizes a multistage cost function defined over a prediction
horizon. The index to be optimized is a difference between
the predictive system output and predictive reference sequence
over the prediction horizon plus a quadratic function measuring
control effort [9], [10], [11], [12], [13].

Nevertheless the control law is model dependent, so a perfect
model is required to guarantee the success of MPC control
strategies. Because of the finite horizon, the stability and the
robustness of the process is difficult to analyze and guarantee,
especially when constraints are present [14], [15].

As a solution, we have proposed in [16], [17], [18], [19], [20],
[21] a controller which combine the design of SMC and MPC
for single input single output systems. This combination im-
proves the performances of the two control laws and overcome
most of their specific drawbacks.

This work deals with the extension of our previous works,
concerning the Discrete Predictive Sliding Mode Control
(DPSMC), to multivariable systems. Moreover, it investigates
the stability analysis of the proposed controller for multivari-
able systems.

The paper is organized as follows: Section II gives the synthe-
sis of the classical discrete multivariable sliding mode control
and the synthesis of the multivariable predictive sliding mode
controller. The stability analysis is given at section III. In
the following section the proposed controller is tested on a
simulation example, and compared to SMC control. Finally,
section V draws conclusions of the paper.
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II. DISCRETE MULTIVARIABLE PREDICTIVE SLIDING
MODE CONTROL

Consider a discrete multivariable system subjected to ex-
ternal disturbances and parameters variation, defined by [22]:

{ z(k+1)=(A+AAd)zx(k) + (B + AB)(u(k) + v(k))
y(k) = Hx(k) + Du(k) "

where:

e x(k) € R™ is the state vector at the instant k,
e u(k) € R™ is the input vector at the instant k,
e y(k) € RP is the output vector at the instant k,

e wu(k) € R™ is the disturbance input vector at the
instant £,

e  The matrices A € R"*", B € R"*™ H € RP*™ and
D € ®PX™ are the nominal model matrices.

e AA € R and AB € R"™ ™ are the parameter
uncertainties matrices.

The system (1) can be presented by the following form:

xz(k+1) = Az (k) + Bu(k) + w(k) )
y(k) = Ha(k) + Du(k) 2)

with:
w(k) = AAx(k) + ABu(k)+ (B+ AB)v(k) ()
where w(k) € R".

A. Synthesis of classical discrete multivariable sliding mode
control

The sliding function is defined as [23]:
S(k) = Cx(k) = [s1(k) - sm(k)]" )

where the dimension of the matrix C' are (m,n).
The sliding function vector is chosen in order to verify the
following reaching law [5], [24]:

st
S+ )= — | )

m7,L5igﬂ(sm(k))

where ® is a diagonal matrix with (m,m) dimension and
verifying 0 < ®;; <land m; >0fori e[l m].
and sign is the signum function defined as :

s()>0 i€l m)

, e I

sign(s;(k)) = { +1 if

Thus, using equation (5), the control law ensuring the quasi-
sliding mode is calculated as follows [25]:

musign( ()
~CAx(k) + BS(k) — mzsign(s2(k))

mmsigﬁ(sm(k‘))
(6)
(CB) is inversible.
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B. Synthesis of discrete multivariable predictive sliding mode
control

The principle of the Discrete Predictive Sliding Mode
Controller (DPSMC) is given by the block diagram shown
in Fig.1, where the primary loop is a Sliding Mode Control
(SMC) and the secondary loop is a Model Predictive Control
(MPO)[16], [20].

. Sliding Spfé/f MO Model Su
— Mode Control _ Predictive Control |——p
(SMC) Sr,]; o (MPC)

Fig. 1. DPSMC Controller bloc diagram.

The main purpose is to approximate the predictive sliding
functions vector S, arraro to the sliding reference functions
vector S, 7o, penalizing at the same time the variation in
the control signal.

We consider, now, the sliding mode control problem for
multivariable system (1). The objective is to design a predictive
sliding mode controller taking the reaching law (5). The
reference sliding mode trajectory is chosen as:

mls’{gngsrlgzgg
So(b+1) = @S (k) — | | oOrE -
mmsign'(srm(k))
5, (k) = S(F)

We consider that w(k) is equal to null matrix.
The sliding functions vector at the instant k£ 4 1, £ + 2 and
k + 3 can be written as:

S(k+1)=Cx(k+1)
= CAx(k) + CB(u(k) — u(k — 1)) + CBu(k — 1)
= CAx(k) + CBou(k) + CBu(k — 1)

S(k+2) = Ca(k +2)
— CA2(k) + CBbu(k + 1) + CBbu(k)
+CABou(k) + CBu(k — 1) + CABu(k — 1)
= CA%z(k) + CBéu(k + 1)
+C(A+I)Béu(k) + C(A+I)Bu(k — 1)

S(k+3) = Cx(k+3)
= CA[A[Az(k) + Bu(k)]] + CABu(k + 1)
+CBu(k +2)
= CA3x(k) + CBSu(k +2) + C(A+ I)Bdu(k + 1)

+C(A% + A+ I)Bou(k) + C(A? + A+ I)Bu(k — 1)

Then, S(k + p) can be calculated as:
S(k+p) = CAPz(k) + CBou(k+p—1)

p—1
+C(A+DBéulk+p—2)+---+C | >, A?| Bou(k)
Jj=0
p—1
+C | > A7| Bu(k—1)
7=0
(®)
where:

du(k) = u(k) —u(k — 1) ; I is the identity matrix with the
dimension n X n.
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We introduce, then the predictive sliding functions vector of
multivariable system S, aryo as:

Sp_mrmo(k+1) = ) =

With N is prediction horizon.
Equation (9) can be described as follows::

Sy mrvo(k+1) =Tyrvox(k) + Q5 1 0AU (k) (10)
+Q0 rroulk — 1)

where:

AU(k) = |ou(k),éu(k+1), -, ou(k+M—-1),0 ,---, 0
—_————

mXx(N—M+1)

With M is control horizon.

CA
CA?
Pvrvo = : 1D
CcAN
CB 0 0
C(A+1) CB 0 0
M-1 M—2
(Y A)B (Y A) CB
=0 3=0
M M—-1
C(> A)B  C(Y A)B C(A+T)
=0 =0
N-1 N-2 N-M
C(YL 4B C(L A')B oy, 4)B
7=0 3=0 7=0
o -
C(A+I)B
M-1
Ui = | €04 ADB (12)
]:
No1 o
Cc(> AB
L 7=0 i
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In practice, to make correction to the future predictive sliding
function vector S, arraro(k + p), we introduce the error
between the sliding functions vector S(k) and the predictive
sliding functions vector S(k/k — p). Therefore, the predictive
sliding functions vector is given as follows:

Sp_srmio(k +p) = S(k + p) + hpe(k)

= CAPz(k) + CBiu(k +p —1) + C (A+ I)du(k +p —2)
p—1
> A

Jj=0

+--+C Bu(k — 1)+hpe(k)

13)

p—1
3 AJ] Béu(k) + C
j=0

hy, is a correct coefficient.
The equation (13), can be given as:

Sy mivo(k+1) =S, mrvo(k+1)+H,E(k) (14

where:

Sp_mrvolk+1) = [Sy(k + 1),
H, = diag [h1 L, holy, ..., AN
E(k) = Sy (k) — Smp(k)

Sv(k) = [S(k%S(k‘), 7S(k)]
Smp(k) = [S(k/k —1),S(k/k —2), ...,

Knowing that:

~ - T
Sk +2), .., 8, (k + N)}
m]

S(k/k = N)"

p .
CAPz(k —p)+ Y, CAI"1Bu(k — )

j=1

15)
The following corresponding optimization cost function is
defined by:

S(k/k —p) =

2

Jppsmc = Z qj [ p(k+ ) — Sr(k —H')}

= (16)
+ E g [Pu(k+1— 1))
=1

where S, (k + j) is the sliding mode references trajectories
vector, ¢; and g; are weight coefficients.
In order to simplify the synthesis of the controller, we con-
sider ¢; = ¢q and g; = g. So, the following corresponding
optimization cost function (16) is written by:

N
jopsae = Y a[Sth+9) — S,k +9)] +
j=1

M
> glou(k+1-1)°
=1

17
The equation (17) can be rewritten as:

_ 2
Jppsmc = HSp_MIMo(k +1)— Sy mrmo(k+ 1)HQ

+[|AU(R)|I
= [Tarrnor(k) + Q1o AU (k) + Qippyoulk — 1)
+HyE(k) — Sy_mimo(k + D" Q[T arracox(k)
QoAU (K) + Q4 ryoulk — 1) + H,E(k)
=S, mrmo(k+1)] + AU (k)T GAU (k)

(18)
where
Sy arvo(k+1) = [Sp(k+1),8.(k +2), ..., Sp(k + N)|"
G = [91m, gl s g1
Q= [quv G, ... qu]
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The optimal control law can be obtained by:

dJppsmc _ 0
DAU (k)
So,
AU (k) = = 10) Yo + ) (o)™

[Carrnveon(k) + HyE(k) + Dy ppoulk —
=Sy mrvo(k+1)]
19)
Only the m present increment of control input signals vector
are implemented, the next time increment of control signals
vector du(k) will be calculated recursively by:

Su(k) =[1,1,...,1,0,..0]" AU (k) (20)
So, we have:

u(k) = u(k — 1) + du(k) 21

III. ROBUSTNESS ANALYSIS

We consider the system (2) and the sliding mode function
(4). The following is given:

S(k+1)=Ca(k+1)
= C[Az(k) + Bu(k) + w(k)] 2
— C[Ax(k) + Bu(k)] 22)
+C [AAz(k) + ABu(k) + (B + AB)v(k)]
The sliding function value at time (k + p) is:
Sl(k + p)
S(k+p) = : = CAPz(k)
sm(k:.—l-p)
+ Xp: CAj_lBu(k: +p—7)+ zp: CAi_lw(k +p—1)
j=1 i=1
(23)

We consider then, the predictive sliding function vector of
multivariable systems, S, arramo(k + 1) defined by equation
©)

Using AU (k) given by equation (19),we can express the
predictive sliding function vector by:

Sy mrvo(k+1) =Tayrvox(k) + Q%0 0AU (k)

O oulk — 1)+ KW (k) (24)

with:

C 0 0

CA C -0
K= : : .

CAN-1 cAN=2 ... ¢
and
W (k) = [w(k), wk + 1), .. w(k + N — 1)]7
Or, we have:
AU (k) = =((Ur1a0) " WUrrnro + G) Qo)™ %

[Carrvox(k) + HyE(k) + Qfyppou(k — 1)

-5y mrvo(k+1)]

So:
Sp_mrvo(k + 1)
(a0 +G)™

+QMI]\/[OU(k
+KW (k)

I}:‘MIMOTx( )+ Qo [—
YL o)t Cavrvoz(k) + HyE(k)
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The action of the weight coefficient matrix G is used to
limit the control input AU. So, we can suppose that G is equal
to null matrix, i.e., there is no limitation for control input AU.

Sp_mimo(k+1) =Tyrmox(k) — [Cymrvmox(k) + HyE(k)
+ 2 rou(k — 1) = Sr_mrvo(k + 1)]]
+O8 L oulk — 1) + KW (k)
= ST-_MIMO(k + 1) — HpE(k) + KW(k)
(25)
E(k) = S (k) — Spnp(k)
with:
Sv(k) = [S(k)’ S(k)v ’ S(k)]lxN
and:
Smp(k) = [S(k/k—1),S(k/k—2),...,S(k/k — N)]T
knowing that:
S(k) = CAPz(k —p) + 2 CAI1Bu(k — )
Y CAT (k- i)
and = »
S(k/k —p)=CAPz(k —p)+ 2:: AT Bu(k — j)
o(k) = S(k) = S(k/k = p) = 3 CA (ki — )
then we can conclude that: -
E(k) = KW (k)
with:
cC 0 0
- C CA 0
K= : :
c cA CAN-1
W (k) = [w(k —1),w(k —2),...,w(k — N)]"

Because of rolling optimization, only the m present control
input signal are implemented. The practical sliding mode
function can be described as follows:

Stk+1)=[1,1---1,0---0] [ST—HPRVTHKW 26)
Equation(35) can be re-written to:
Sk+1)=5.(k+1)+ Clw(k) — hyw(k —1)] 27

From the viewpoint of practice, usually, we choose h; = 1
[26].
Then equation(27) can be re-written to:

Sk+1)=5S-(k+1)+ Clw(k) — w(k —1)] (28)
Or, we have:
masign(s,a (k)
So(k+1) = S, (k) — masign{sra(k)
517 (51m (K)
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That’s why:

i sign(on 1)
S(bt1) = B8, (k) mo 51gn'(sr2( )
Moy sign.(s,«m(k:))

(29)
So, we have:

my ﬁ%gn(sl(z))
Sht1) = oSk — | sign(sz(k))

My, sigri(sm(k))
(30)
then we have Vi € [1  m):

si(k+1) = @, ;s:(k)—m;sign(s;(k))+C [wi(k) — w;i(k — 1)]
€1V}
In discrete time sliding mode control, a quasi sliding mode
is considered in the vicinity of the sliding surface, such
that |s(k)| < e where s(k) is the sliding function and ¢ is a
positive constant called the quasi sliding mode band width
[27].
The stability of the proposed control can be given by the
following theorem:

Theorem 1. Consider the system (2) to which the discrete
Predictive Sliding Mode Control is applied (20).
This system verifies a convergent quasi-sliding mode, if the
following conditions C'1, C2 and C3 are satisfied [28].
Cl:

[si(k + 1 <[si(R)|,if [si (k)| > eiic[1 m ] (32)

C2:
C3:

|S¢(k+ 1)| < e’:‘z,lf|S,(k)| <ég,l€ [ 1 m ] (34)
where:

Vk, Clw;(k) —w;(k — 1)] is bounded such that:
|C(wi(k) —wi(k —1))| <wo , 0 <wo < my,
and ‘I)iﬂ; > (%)

Proof.
Firstly, we should begin by the condition (32).
Consider the case 1: s;(k) > ¢;
The difference between s;(k + 1) and s;(k) is given by:

si(k+1) = si(k) = (i, — 1)s;(k) —mi+
C wi(k) — wi(k —1)]

<-m; +C [’U)l(k‘> - U)Z<I€ - 1)]

<0
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The sum of s;(k + 1) and s;(k) is given by:

si(k+1) +5i(k) = (i + 1)si(k) —my
+C [w; (k) — w;(k — 1)]

> &+ CI)Z"iEi —m; +C [wl(k) — wz(k — 1)]
> (I)iﬂ‘Ei +C [wz(k:) — wl(k — 1)]

> m; + C'lwi(k) — wi(k —1)]

>0

Then:

, 1f Sz(k) < é&;

+C [w(k) — w(k — 1)] Consider the case 2: s;(k) < —¢;

In this case, the difference between s;(k + 1) and s;(k) can
be calculated as:
51(]43 + 1) — Si(k) = ((I)z,z —
>0

w;(k —1)]

The sum of s;(k + 1) and s;(k) is given by:

5i(k+ 1)+ si(k) = (i + 1)si(k) —m; + C [wi(k) —
< —g; — (I)i,igi +m; +C [wl(k) — wl(kz — 1)]
< =@, 8+ C [wi(k) — w;(k —1)]
<-m; +C [wt(k) — ’U)l(k — 1)]
<0
Then:
[si(k + 1)| < |si(k)|, if s;(k) < —&;
Using cases 1 and 2, the condition C'1 is verified.
Secondly, we consider the condition (33).
Consider the case 3:s;(k) = ¢;
We have:
Sz(k + 1) = @i’isi(kz) —m; +C [wl(k) — wi(kz — 1)]
< (I)i,igi —m; +C [wz(k‘) — wz(k’ — 1)]
< &;
The sliding function s;(k 4+ 1) can be written as follows:
Sl(k‘ + 1) = (I)z,zsz(k) —m; +C [U}ZU{?) — wl(k — 1)]
> @6, —my + Clwi(k) —w;i(k —1)]
> —my;
> —D; 85
> —&;
Then:
lsi(k +1)] < ey, if s;(k) =¢;
Consider the case 4: s;(k) = —¢;

In this case, s;(k + 1) can be given by:
Sz(k + 1) = <I>i7isi(k‘) +m; +C [wl(k) — wi(k: - 1)]

< C'w;(k) — w;(k —1)]
<m;
< (I)i,ifi
< é&;

Thus:

|81(k + 1)‘ < g, if Sl(k) = —&;

Using cases 3 and 4, we obtain the condition C2.

1)81(]6) +m; + C [wz(k) — wz(k: — 1)}
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Finally, we consider the third condition (34).

Consider the case 5: 0 < s;(k) < ¢;

Using this condition, the sliding function s;(k + 1) can be
expressed as:

Sl(]{/‘ + 1) = (I),JSZ(]C) —m; +C [wz(k‘) - wl(k; — 1)}
< @i —mi + Clwi(k) — wi(k —1)]
< CI)Z"Z'EZ'
< é€;
The sliding function s;(k + 1) can be given as follows:
>C [wl(k) — wz(k‘ - 1)]

> —my;
> —q)i_jEi
> —€;

Then:
|Sq(k+ 1)| <eg, if 0 < Si(k) <é&;

Consider the case 6: —g; < s;(k)
function s;(k + 1) can be calculated as:

> —(I)iﬂ'Ei +m; +C [wl(k) — wz(k — 1)]
> =0 e
> —&;

< 0 The sliding

We have:
Si(k‘ + 1) = ‘I’i7isi(k) +m; +C [w,(k) — wl(k — 1)]
< Cwi(k) — wi(k = 1)]
< my;
< (I)iJE,‘
< &;

|SZ(]€ + 1)| < g if —g; < Sz(k) <0

Using cases 1, 2, 3, 4, 5 and 6 the three conditions
(32), (33) and (34) are verified. Therefore, the discrete
multivariable predictive sliding mode controller is stable.

IV. SIMULATION RESULTS

In order to prove the effectiveness of the proposed mul-
tivariable DPSMC, we choose to apply the classical discrete
SMC and the proposed DPSMC, in the presence of constant
or periodic disturbances and parameters uncertainties, to the
process described by the following equation, :

x(k+1)=(A+AA)z(k) + (B + AB)(u(k) + v(k))

where:

0 1
A:[0.24 0.2} ’

The retained synthesis parameters are:

1 0.6667 O
=" 1]
and my = 0.01, mg = 0.01, ® = [0.01 0;0
N =10, M =5, H, = 0.001LI(N,N),
and G = 0.001I(N, N)
The sliding functions vector is given by:

S(k) = Ca(k) = C = [ 0.6667 0 ] [ z1 (k) ] _ [ s1(k)

0.01],

0 1 l‘g(k)
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A. Case of constant disturbances

In presence of constant disturbances, given as follows , the
results presented in this section are obtained.

v(k) = { 06.125 } ’

The parameters variation are applied at the instant £ = 300 :

vk > 100

_ 5sin(—250) 6 sin(—28r)
AA=0d [ 35111(*2}%) 3sin(— 1)
2sin(—22)  5sin(—2kT)
= . >
AB =0.1 |: SSin(f%—Oﬂ) 5sin(72]17€707f) ,Vk > 300

The evolution of the states x; (k) and x5 (k), the control inputs
u1 (k) and us(k) and the sliding mode functions s; (k) and
s2(k) with DPSMC and SMC are given, respectively, in figures
2to7.

—SMC

1 (k) —— DPSMC

N

0 100 200 300 400

Fig. 2. Evolution of the state z1 (k).

—SMC

v2(k) —— DPSMC

0 100 200 300 400

Fig. 3. Evolution of the state z2(k).

It can be seen that the performances of the DPSMC are
better then the classical SMC, not only, for rejecting constant
disturbances, but also, for eliminating chattering and fast
convergence.

In fact, without disturbances and parameters uncertainties, the
results of SMC and DPSMC are comparable. But, in presence
of constant disturbances (k > 100), we find that the proposed
control law ensure good performances in term of rejection of
external disturbances and fast convergence.

When we add parameters uncertainties, at the instant (k >
300), the oscillation encountered, in the case of classical SMC,
are reduced.
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B. Case of periodic disturbances

0.4 ‘ ‘ :
wy (k) —SMC The results presented in this section are obtained with
——DPSMC the presence of disturbances, whose evolutions are given in
0.2 figures 8 and 9, and with the following parameters variation:
° 5sin(—2Em) 6 sin(—2kT)
AA=01 [ : N . o ]
-0.2 3Sln(—ﬁ) 3sm(—ﬁ)
2km in(— 2km
| | K AB =0.1 [ zsm( 5 gsTn( ) } vk > 300
% 100 200 300 400 in(—=g) Ssin(—g)

Fig. 4. Evolution of the control signal uq (k).

0.4 : . :
—SMC
us (k
2(k) — DPSMC
0.2 1
0]
_0_2,
|
_04 ‘ ‘ ‘ Fig. 8. Evolution of the disturbances v1 (k).
"0 100 200 300 400
Fig. 5. Evolution of the control signal uz (k). 03 ‘
va(k)
0.2r
0.1+
0.5 ; . .
s1(k) —SMC 0
l\ ——DPSMC ol
0 —0.2r
| -0.3r
k
—0.5 7 70'40 50 160 léO 260 2‘50 360 3‘50 400
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The evolution of the states x1(k) and x5(k), the sliding
Fig. 6. Evolution of the sliding function s1 (k). mode functions s1(k) and s2(k) and the control inputs wu; (k)
and us (k) ,with DPSMC and SMC are given, respectively, in

figures 10 to 15.

1 T T T
s2(k) —SMC A comparison between the DPSMC and SMC, in the case
0.5 —— DPSMC| of multivariable systems, reveals that the use of the new control
strategy DPSMC reduces the chattering problem effectively
N (k > 300).
0 Furthermore, the results obtained prove the capability of the
l proposed control law to reduce periodic disturbances (k >
0.5 ] 100) and parameters uncertainties (k > 300).
k
_10 100 200 300 400

Fig. 7. Evolution of the sliding function sz (k).
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Evolution of the control signal uz (k).
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Fig. 14. Evolution of the sliding function s1 (k).
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Fig. 15. Evolution of the sliding function s2 (k).

V. CONCLUSION

In this paper, a discrete predictive sliding mode controller
for multivariable systems was proposed. This controller com-
bines the design technique of the SMC and MPC.

A stability analysis of the proposed controller was studied.
The method was tested on a multivariable system, and com-
pared to the results given by the SMC controller. It is shown
that mixing both control techniques, for multivariable systems,
gives new controller with better robustness properties in reject-
ing disturbances, hard parameters variations and in eliminating
the chattering problem.
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