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Abstract—This paper deals with the development of two
strategies of control, for multivariable systems, combining Sliding
Mode Control (SMC) and Model Predictive Control (MPC). This
is an extension of our previous works synthesized in the case of
single input single output. The first proposed controller is the
Sliding Mode Control with Predictive Sliding Function (SMC-
PSF) and the second proposed controller is the Predictive Sliding
Mode Control (PSMC). These types of scheme improve the perfor-
mances of the SMC and the MPC. Simulation results demonstrate
that the (SMC-PSF) and (PSMC) give better performances, for
multivariable systems, in terms of strong robustness to external
disturbance and parameters variation, chattering elimination and
fast convergence, in comparison with the SMC. In comparison
between each other, the SMC-PSF in better then the PSMC, at
the presence of hard parameter variation.

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

The growth in the complexity of modern industrial systems
make difficult the design of an exact mathematical model and
the development of a suitable control. In fact, these systems are
non linear, multivariable, also with external disturbances, pa-
rameter uncertainties and time delays. Therefore Sliding Mode
Control (SMC) and Model based predictive control(MPC)
are excellent candidates to utilize as a control law for these
systems.[1].

For a large class of systems, the SMC is particularly interesting
due to its ability to deal with non linearities, uncertainties,
modeling errors and disturbances [4]. The main idea behind
SMC is to synthesize a discontinuous control input to force
the states trajectories to reach a specific surface called the
sliding surface in finite time and to stay on it. 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 [2], [3].

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.
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The basic idea of MPC 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 [4], [5], [6].
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 [7], [8].

As a solution, we have proposed in [9], [10], [11], [12], [13],
[14] the predictive sliding mode controller (PSMC) which
combine the design of SMC and MPC for single input single
output systems. This combination improves the performances
of the two control laws and overcome most of their specific
drawbacks.

In other works, we have proposed another combination, which,
is consisting on a sliding mode controller, where the optimal
sliding function is allowed by a model predictive control block
based on a specific objective [10], [15]. The main idea of
this work is to extend our previous works, concerning the
Sliding Mode Controler with predictive sliding function (SMC-
PSF) and the predictive sliding mode controller (PSMC), to
multivariable systems.

The paper is organized as follows: Section II gives the syn-
thesis of the classical discrete sliding mode control for mul-
tivariable systems. The synthesis of the multivariable sliding
mode controll with predictive sliding function is presented in
section III. The Multivariable Predictive Sliding Mode Control
is synthesized in section IV. In the following section, the two
proposed controller are tested on a simulation example, and
compared to SMC control and with each other. Finally, section
V draws conclusions of the paper.

II. THE CLASSICAL DISCRETE MULTIVARIABLE SLIDING
MODE CONTROL

Consider a discrete multivariable system subjected to ex-
ternal disturbances and parameters variation, defined by [16]:

{ z(k+1)=(A+AA)x(k) 4+ (B + AB)(u(k) + v(k))
y(k) = Hz(k) + Du(k)

(D
where:

xz(k) € R™ is the state vector at the instant k, u(k) € R™ is



u(k) = (CB)~!
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the input vector at the instant k, y(k) € R? is the output vector
at the instant k, v(k) € R™ is the disturbance input vector at
the instant k.

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

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

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

z(k+1) = Az(k) + Bu(k) + w(k) )
y(k) = Hz(k) + Du(k) )

with:
w(k) = AAx(k) + ABu(k) + (B+ AB)v(k)  (3)

where w(k) € R".
The sliding function is defined as [17]:

S(k) = Cx(k) = [s1(k) -+~ s (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 [18], [19]:

mlsl:gn(sl(llzﬁ
S(k+1) = dS(k) — mzszgrf(@( 2 5)

mmsigﬁ(sm(k:))

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

sign(sii) ={ 11 1

Thus, using equation (5), the control law ensuring the quasi-
sliding mode is calculated as follows [20]:

Sl(k) <0

sk)>0 1€l m)

msign( )
~CAx(k) + BS(k) — masign(s2(k))

mmsigﬁ(sm(kz))
(6)
(CB) is inversible.

III. SYNTHESIS OF DISCRETE MULTIVARIABLE SLIDING
MODE CONTROL WITH PREDICTIVE SLIDING FUNCTION

A block diagram of the SMC-PSF is shown in Figurel,
where the primary loop is a Model Predictive Control (MPC)
and the secondary loop is a Sliding Mode Control (SMC)[10],
[15].

Model Predictive S Sliding Mode
> Control MIMO Control Y
(MPC) (SMC)

Fig. 1. SMC-PSF Controller bloc diagram.
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The main purpose is to apply the discrete sliding mode
control for multivariable systems which the sliding function is
given optimally by the Model predictive control, based on a
specific objective
We consider, now, the sliding mode control problem for
multivariable system (1). The objective is to design sliding
mode controller with predictive sliding function taking the
reaching law (5). Define the vector AU,,(k + 1) as:

AUgy(k+1) =

)
Ueq(k + 1) = teq(K) ]
Ueq(k +2) = teq(k +1)

= | Ueq(k+ M) —ueq(k+ M —1)
0

Or, the equivalent control vector is given by:
ueq(k) = (CB) ™ [®S(k) — CAx(k)
So the vector AU, (k + 1) can be written as:

(CB)'® [S(k+ 1) — S(k)]
(CB)'®[S(k+2) — S(k+1)]

AU (k+1) = '
(CB)'®[S(k+ N)— S(k+ N —1)]
(CB)"'CA[z(k+1) — z(k)]
(CB)\CAu(k +2) - (k- + 1)
(CB)y\CA[e(k + N) —x(k + N — %2)3])
or, we have:
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x(k+2)—x(k+1) = A(x(k+ 1) — z(k))
+ Blueq(k + 1) — ueq(k))
2(k+3)—2(k+2)=A%(x(k+1) — z(k))
+ AB(ucq(k + 1) — teqg(k))
+ B(teq(k +2) — ueq(k + 1))

2k + M) —a(k+ M —1) = AM=1(a(k+ 1) — 2(k))
AV 2By (k1) — g (B)
+ AM_3B(“eq(k + 2) - ueq(k + 1))
+ e
+ Blteg(k + M — 1) — ugy(k + M — 2))

2k +N)—a(k+N—1) = AN ok + 1) — (k)
+ ANT2B(ueq(k 41) — ueq (k)
+ AN B(ueq(k +2) — ueq(k +1))

Then the vector AUgq(k + 1) can be presented by:

(CB) '@ [S(k +1) — S(k)]
(CB)'®[S(k+2) — S(k+1)]

AUg(k+1) = :

(CB) ' ®[S(k+ N) — Sk + N —1)]
(CB)"'CcA
(CB)-1CA2

; (a(k + 1) - (k)

(CB)~'cAV

— YarimoAUeq(k + 1)
©

So, the equation (9) can be written as:
AUeq(k + 1) = ASq:‘MIMo (k + 1) — Unimeo [x(k + 1) - x(k)]

— VUnrimoAUeq(k + 1)

(10)
with:
(CBi)l_lq) [S(k+1) — S(k)]
AS‘I)MII\/IO = (]43+1) (CB) o [S(k + 2) — S(k + 1)]
(CB)'®[S(h + N) = S(k+ N - 1]
(CB)~'cA
(CB)~'CcA?
Mmoo = :

(CB)-'CAN

and
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+ cee
+ AN"MZIB(uey (k + M) — ueq(k+ M — 1))
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0 0

TAB 0 0

TA*B  TAB 0 0

Uyrvo= | TA’B  TA?’B  TAB 0 0
TANB TAN'B TAN-MB ... 0

with T = (CB)~'C.

Equation (10) can be written as:

(I + \I/MimO)AUeq(k + 1) = AS<I>MIM() (k + 1)
— M rtimo [x(k + 1) — z(k))
1)
AU,q(k + 1) can be given by:

AUeq(k‘ + 1) = (I + \I/Mimo)_lAScp(k + 1)

- H]Wimo [x(k + ]-) - (E(k)”

(12)
So:
AUeq(k—‘rl) = KM[MoAS.:p(k‘—f—l)—i-L]W[MO [m(k} + 1) — .’Iﬁ(k‘ﬂ
(13)
with:
Kyrvio = (I+¥arime) ™t (14)
Lyrvo = =+ ¥ atimo) Masimo

To find the predictive function vector, the following corre-
sponding optimization cost function is defined:

fsnrc-pse(R) = 3 4 50 (k +5) - 65,0+ )

A 2
+ 3 g [0ueq(k+1—1)]
=1

as)
where S, (k + j) is the increment of the sliding mode
references trajectories vector, 054 (k + j) is the increment of
the predictive sliding function vector, multiplied by the term
(CB)™'®, g; 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 (15) is written by:

fsatc—pse(k) = 3 al6Sa (b +9) - 65, (+ )

y (16)
+ 3 gtk +1—1)
=1

Rewrite equation (16) in vector form:

Tsaic—pse(k) = [ASe 00 (k) = AS,_arro (k)5

+ | AU (k)12
a7
where

AS,_wivo(k +1) = 68, (k +1),85,(k +2), ..., 55, (k + N)|"
G = [gIrnagIYny 7gIm]

Q = [ququma ) qu]
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Since the control objective is to keep states on the sliding
surface, the desired sliding mode reference trajectory vector
is approximated by the predictive sliding function vector and
should verify:

0

Se(k)=| . , SO AS,_mivo = 0

(mx1)

0

So, the optimization cost function can be written as:
2 2

JSJWC*PSF(k) = HASq’MIMo (k)HQ + ”AUeq(k)HG (18)

Rewrite equation(13), Jsyo—psr(k) can be written as:

JSMC*PSF(k) - AS@NIIIMO (k)T Q A*Stq:‘]vIII\/IO (k)—’;_‘
[KMIMOAS@MIMO (k)+LMIMO('r(k) - $(l€ - 1))]
G [KnmrmoASe o (k) + Lyrvo(x(k) — x(k — 1)()1]9

4 (mNx1)

The optimal sequence of the increment of the predictive
sliding function vector is obtained by minimizing the cost
function Jsnc_psr:

dJsnmc—psr(k)
aASq)I\/IIJ\/IO (k)

So, the increment of the predictive sliding function vector can
be calculated as:

AS‘I)MIMO (k) = _(GKZJ\;[IMOKMIMO + Q)71

=0 (20)

GKZT\;[[MOL]MI]WO(-’IJ(]C) — x(k‘ — 1()2)1)
We suppose that 5S¢ (k) is the vector of the m first elements
of the vector ASg,,, .0, S0, the predictive sliding function
vector S (k) is given as:

So(k) = So(k —1) + 650 (k) (22)

with: Sg (k) = (CB)~1®S(k)
So, the control law u.q(k) is given by the equation:

ueq(k) = (CB) " [@S(k) — CAx(k)]  (23)
Then:
Ueq(k) = So(k) — (CB)'CAx(k) (24)
Or, we have:
m18?9”(51(2))
v (k) = —(CB)] mzszgn:(%( ) )
mmsigﬁ(sm(kj))
So:
w(k) = eq(k) + uais(k) (26)
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IV. 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
Figure2, where the primary loop is a Sliding Mode Control
(SMC) and the secondary loop is a Model Predictive Control
(MPO)[9], [13].

. Sliding Spfé/f MO Model Su
— Mode Control Predictive Control |——p»
(SMC) S e (MPC)

Fig. 2.  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:

Skt 1) — 08,08 mzszgn. Sra o
M, STGN (S (K))
Sy (k) = S(k)

We consider that w(k) is equal to null matrix.
The sliding functions vector at the instant £ 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)
j=0
p—1
+C | > A7| Bu(k—1)
j=0
(28)
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 (29) can be described as follows::

Sy mrvo(k+1) =Tyrvox(k) + Q5 1 0AU (k) (30)
+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 = : (€29)
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 (32)
]:
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)

(33)

p—1
3 AJ] Béu(k) + C
j=0

hy, is a correct coefficient.
The equation (33), can be given as:

Sy mivo(k+1) =S, mrvo(k+1)+ H,E(k) (34

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

(35
The following corresponding optimization cost function is
defined by:

S(k/k —p) =

2

Jppsmc = Z qj [ p(k+ ) — Sr(k —H')}

= (36)
+ E g [Ou(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 (36) is written by:

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

M
> glou(k+1-1)°
=1

(37)
The equation (37) 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)

(38)
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:

0Jppsmc -0 08§ «'Ir'l‘(k) | | ‘ : ‘ :gmg—PSF
OAU (k) 0l —DPSMC
0.4} 4
So, 0.2 [\
AU(k) = _((Q}QIMO)TQ@IPMO +G) QUrro)” 0
[arvvox(k) + HyE(k) + @y pyoulk — 1) o2
—Sr mrvo(k+1)] 04
(39) -0.6
Only the m present increment of control input signals vector 08 F
are implemented, the next time increment of control signals o s 100 150 200 250 300 @50 40C
vector du(k) will be calculated recursively by:
su(k) = [1,1,...,1,0 ...O]T AU (k) (40) Fig. 3. Evolution of the state z1 (k).
So, we have:
u(k) = u(k — 1) + du(k) 1) 1 :
. —SMC
0.8} w2(k) : | —SMC-PSF
——DPSMC
V. SIMULATION RESULTS 09
0.4
To evaluate the robustness of the control laws (equations 6, 0.2 l\
26 and 39 ) in presence of constant or periodic disturbances and 0
parameters uncertainties, we consider a discrete multivariable 02
process described by the following equation: -04
-0.6
w(k+1) = (A+ Ad)z(k) + (B + AB)(u(k) + v(k)) -0 ; ; k
where: ™ 50 100 150 200 250 300 350 40
A= [ 0%4 012 } ; B = { 1(')5 (1) ] Fig. 4. Evolution of the state z2(k).
The retained synthesis parameters are:
0.6667 0 03 ‘ ‘ ‘ ‘ ‘ T
C= |: 0 1 :l 02 uy (k) —gmg—PSF
- ——DPSMC
and my = 0.01, mg = 0.01, ® = [0.01 0;0 0.01],

N =10, M =5, H, = 0.001LI(N, N),
and G = 0.0011(N, N)
The sliding functions vector is given by:

S(k) = Ca(k) = C = { 06667 0 ] [ 2 ] _ { s51(k) ]

A. Case of constant disturbances

The results presented in this section are obtained with the Fig. 5. Evolution of the control signal w1 (k).
presence of constant disturbances which are given by:

(k) = | %19 : Vk > 100 S
0.2 u (k) —SMC
2 —— SMC-PsH
The parameters variation are given by: > —DPSe
0.1
in(— 2km in(— 2km
AA=01 [ psin(—%g)  Gsin(=55) } 0
3sin(—557)  3sin(—5F) o
in(— 2km in(— 2km
AB = 0.1 { QS}n( 30 55}“( 30 } ,Vk > 300 al I
Sbln(—ﬁ) 55111(—?) 04 \
The evolution of the states x1 (k) and x5 (k), the control inputs e
ui(k) and wuz(k) and the sliding mode functions s;(k) and
so(k) with SMC-PSF and SMC are given, respectively, in
Figures 3 to 7. Fig. 6. Evolution of the control signal uz (k).
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—SMC
s2(k) ——SMC-PSH
04 ——DPSMC
N I\ |
0
_04 I ]
-0.4 ]
-0.6 ]
k
0. ; ; ; ; ; ; ;
0 50 100 150 200 250 300 350  40C

Fig. 7. Evolution of the sliding function sz (k).

It can be seen that the performances of multivariable SMC-
PSF and PSMC are better then the SMC, not only, for rejecting
constant disturbances, but also, for eliminating chattering.

In fact, without disturbances and parameters uncertainties, the
results of SMC, PSMC and SMC-PSF are comparable. But,
in presence of constant disturbances (k > 100), we find that
the proposed control laws 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.

B. Case of periodic disturbances

The results presented in this section are obtained with
the presence of disturbances, whose evolutions are given in
figures 8 and 9, and with the following parameters variation:

— 5sin(—2kT) 6 sin(—2km)
A=l [ 35111(*%*0”) 3sin(—2]1kgf)
2sin(—27)  5sin(—2T)
= . >
AB=0.1 [ 3Sin(—2]1’“—0”) 5Sm(_211kioﬂ) Yk > 300

| vy (k)

L L L L L L L
[o] 50 100 150 200 250 300 350 40C

Fig. 8. Evolution of the disturbances v1 (k).
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va (k)

Fig. 9. Evolution of the disturbance vz (k).

The evolution of the states x1(k) and x5(k), the sliding
mode functions s; (k) and so(k) and the control inputs u; (k)
and uz (k) ,with SMC-PSF, PSMC and SMC are given, respec-
tively, in figures 10 to 15.

z1(k) —SMC

08 : | —nNPsmc
—— SMC-PSF

046

0.4 E
0.2

-0.2
-0.4f 4
-0.6 4
08 : : ko

-1

Fig. 10. Evolution of the state z1(k).

05—
z(k)
0
N —sc |
— NPSHC
— SMC-Ps#
k

-10 5 100 150 200 250 300 350  40C

Fig. 11. Evolution of the state z2(k).
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Fig. 12. Evolution of the control signal w1 (k).

—SMC
——NPSMC

-0.3- | — SMC-PsH
Yy ;
o0 50

100 150 200 250 300 350

Fig. 13. Evolution of the control signal uz (k).

40C

|
s1(k)
0.4 1
0.2) : |
P =, .AMAA ™
0 g i | VVVVF
-0.2) —
—sMmC
04 —NPSMC ]
—— SMC-PSH
-0.6| ko
0. ; ; i i ; ; ;
0 50 100 150 200 250 300 350

Fig. 14. Evolution of the sliding function s1 (k).

40C

M
NV

—SMC
——NPSMC
——SMC-PSH

i
0 50

i i i i i i
100 150 200 250 300 350

Fig. 15. Evolution of the sliding function sz (k).
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A comparison between the SMC-PSF, PSMC and SMC,
in the case of multivariable systems, reveals that the use of
the new control strategies SMC-PSF and PSMC reduces the
chattering problem effectively (k£ > 300).

Furthermore, the results obtained prove the capability of the
proposed control laws to reduce periodic disturbances (k >
100) and parameter uncertainties (k > 300).

C. Comparison between multivariable PSMC and SMC-PSF

Comparing, only, between the PSMC and the SMC-PSF,

we can deduce, of the previous figures, that at the presence of
constant disturbances , results given by the two control laws
are comparable.
At the presence of periodic disturbances, the evolution of the
states x1(k) and xo(k), the sliding mode functions s (k) and
s2(k) and the control inputs u; (k) and ug (k) ,with SMC-PSF
and PSMC are given, respectively, in figures 16 to 21.

R . :
g ——NPSMC
0371 (k) - - - SMC-PSE
02 , ; ; i
o1 1

-0.1- 1
02 ‘ ; ; J
-0.3 4
-0.4- 4
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i i i i i i i i i
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Fig. 16. Evolution of the state z1 (k).
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Fig. 17. Evolution of the state z2(k).
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Fig. 18. Evolution of the control signal w1 (k).
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Fig. 19. Evolution of the control signal w2 (k).
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Fig. 20. Evolution of the sliding function s1 (k).
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Fig. 21. Evolution of the sliding function sz (k).
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With periodic disturbances, and without parameter vari-
antion (for 100 < k < 300), the PSMC reduce better
disturbances then the SMC-PSFE.

But at the presence of parameter variation (for £ > 300), SMC-
PSF is more able to to eliminate chattering. In fact, it can
eliminates oscillation better, than PSMC.

VI. CONCLUSION

In this paper, a sliding mode controller with predictive
sliding function and a Predictive Sliding Mode Controller,
for multivariable systems are proposed. These two controllers
combine the design technique of the SMC and the MPC.
These methods are tested on a multivariable system, and
compared to the results given by the SMC controller. It is
shown that mixing both control techniques, for multivariable
systems, gives news controller with better robustness properties
in rejecting disturbances, hard parameter variations and in
eliminating the chattering problem.
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