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ABSTRACT

This paper presents a new homogeneous control using dual sliding mode control, and robustness
control using linear matrix inequality (LMI) constraints. The controller is applied for the severe dis-
turbance. A sliding surface function, which relates to an exponential function and itself t-norm, is
applied to save the energy consumption of the control system. The constraints related LMI are pro-
posed with the matrices and vectors of the systems following the chosen matrices in control the
energy for control. Solution of the constraints is also presented with new approach to save the time
of calculation. In addition, the proof for the proposed controller is also presented by using the can-
didate Lyapunov function. In the input control function, the t-norm type is embedded to improve
its performance in control disturbance. Besides of the t-norm, the modified sliding surface in the in-
put control is also improve the energy for controlling. The combination of these robustness control
elements would bring a new view for the design of control. The advantages of the controller are
demonstrated via computer simulation for a seat suspension system. A magneto-rheological fluid
seat suspension with its random disturbances is used. To prove the flexibility of the controller, the
proposed approach is compared with an existing controller. The compared control has the same
structure as shown in the proposed model. However, its design has a disadvantage in control the
severe disturbance. The comparison between two controls is a clear view of distinct improvement.
The results of simulations show that the controller provides better performance and stability of the
system. The stability is also analyzed through the variation of the input control and power spectral

density related energy consumption.

Key words: Homogeneous control, sliding mode control, sliding surface, vibration control, seat

suspension

INTRODUCTION

Nowadays, the development of modern controls
is continuously bringing new surprises in our life
through its application such as robotic manipula-
tors, transportations, upper and lower limb exoskele-
ton, etc. In this development, adaptive controller
and its modification with other controls such as
proportional-integral-derivative, sliding mode con-
trol, prescribed performance, etc. were presented in
many featured types of research. Firstly, adaptive
fuzzy control with prescribed performance was stud-
ied 2. The objective of the prescribed performance >
was to set up upper and lower boundaries for the er-
ror of the system. The Nussbaum function was used
for unknown direction?. Hence the combination of
both the Nussbaum function and the prescribed per-
formance was improved the responses”. The model of
adaptive fuzzy controller with sliding mode controller
was studied »*. Sliding mode control®* was conven-
tional types such as the integral model® and classi-
cal model®. However, the classical Lyapunov func-
tion was embedded in the input control function* to

improve performance. The Lyapunov function* was
a special case of the Riccati equation with an assump-
tion of stability based on the removal of matrix and
vector system. It is remarked that the type 1 fuzzy
model was applied ™. The neural networks model
was also used in adaptive control . The conventional
PID model was applied® for the design of adapta-
tion laws. This PID model was also used ®~%. It was
a similar structure in control>°, especially in adap-
tation laws. PID was applied in design the PID-like
sliding surface of sliding model control”. It is note-
worthy that PID could be used in two types: adap-

»68 sliding surface®. The adaptive fuzzy

tation laws
control was also presented’~!'!. The interval type 2
fuzzy model was applied®™!!. This point is different
from the others '~*®7, The Riccati-like equation was
adopted 8-11 and this utilization was different from
the properties of the system: disturbance, vibration
control, consumption of energy. The sliding mode
control was utilized as a first step to combine con-
trols in adaptation laws. Besides, optimal control was
also used in the design of adaptive control!’. The

Cite this article : Phu D X, Hung N Q. Robustness control for nonlinear systems based on homoge-
neous prescribed sliding mode control. Sci. Tech. Dev. J. — Engineering and Technology; 5(2):1019-1035.
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application of sliding mode control was shown 218,

In these applications, the conventional sliding sur-
face was used. Detail models of sliding surface are
analyzed as follows. The saturation function of slid-
ing mode control was applied'>. The sliding sur-
face'? was obtained by using a PID-like model, and
the saturation function was used in the input con-
trol. The signum function was also used in input con-
trol 13-1517:18 Ttis noteworthy that there are two types
of function related to the conventional input con-
trol of sliding mode control: saturation function and
signum function. The disadvantage of these functions
is the chattering phenomenon and sensitive to distur-
bances. However, these functions could be improved

by combining with forms of sliding surface as termi-

)13,]5 14,18
>

nal type (or twisting type , classical type and
integral type '°.

From the above analysis, the adaptive control has re-
mained as a potential controller for modern devices.
It can be defined with other control types such as slid-

13,4,7—12,]7 110

ing mode contro , optimal control ”, pre-

scribed performance 129 Riccati-like equation 48-11
fuzzy model 1-47-11 " and neural networks® for im-
proving the performance of the system. However, the

7-12.17 .
1347121718 is conven-

model of sliding mode contro
tional and this can remain a disadvantage when ap-
plying for control design. Hence, in this research, a
new novel form of homogeneous controller, which
preserves the merits of sliding mode control based on
prescribed performance and linear matrix inequality,
will be developed. The proposed control is to follow
the objective as a simple model and its advantage in
control severe disturbance. The main contributions

are summarized as follows:

(1) A new integration of classical sliding surface, pre-
scribed form of sliding surface and linear matrix in-
equality for homogeneous control is presented.

(2) A new proof for the design of a homogeneous con-
troller with a new sliding surface of sliding mode con-
trol is proposed.

(3) The outstanding property of the proposed ap-
proach is validated in simulation for a seat suspension
system and compared with a controller °.

The rest of this article is organized as follows. In sec-
tion 2, the proposed design is presented. In section
3, the simulation for two controls including the pro-
posed control, the compared control '° is described.
Finally, the conclusion is presented in section 4 with

the main results of the above sections.
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DESIGN METHOD OF A
HOMOGENEOUS PRESCRIBED
SLIDING MODE CONTROL

The control is developed based on a SISO (single-
input single-output) nonlinear system as follows:

¥y = fy(xy) +gv(xy)uy (1) +dy(2) 1

Where fy(xy) € R" and gy(xy) € R" are two non-
linear functions, uy(¢) € R! is input control, dy (1) €
R"isadisturbance, |dy (¢)| < &t, where the value d €
R" is a bound of dy(r), xy = [x1v,Xv, .., Xpy] =
[xlv,xiv,...,x?;l
A new suggestion vector is Xy with its elements

|7 € R" is state system.

T
Ty = Lxlv,xzv, ,..x(n,l)v] . The governing system

(1) can be defined as follows:

X = Sy +Shysy @)
where,
[0 1 0 0
L I |
L~k ko —ks —kn—1
0
Sov = 0
1

The tracking function is described as ey (1) = x|y —
Xx4v, where x;v is the desired result related the system;
k; is Hurwitz parameters which relate to the conven-
tional sliding mode control. It is noteworthy that x;vy
is the similar value as xy in Eq. (2). The prescribed
sliding surface is expressed as follows '*:

Oyv = IV+CSV(P (3)
Where, ¢,y > 0 is a positive constant. The function ¢
is defined as follows:
1
0= E[ln(l +ey () —In(A —ey (1))] 4

Where —A(f) < ey(f) < A(t), and A(t) =
(2(0) = A (0))e ™ + A(e0), I > 0, A(t) is the
prescribed function.

The prescribed sliding surface (3) is used
to control the chattering phenomenon and then guar-

Remark 1.

antee the response following desired boundaries. This
advanced property is useful for the system under severe
disturbance. The progress to derive the sliding surface
(3) was presented 1°.

The governing system (1) can be described as follows:

xV :fV (xv)+gv (xv)uv (I)+dv ([)
=Ap (xy (1) ,1)xy (1) +Bp (xy1,1) uy (1) + CpDy (1)

(5)



Science & Technology Development Journal - Engineering and Technology, 5(2):1019-1035

Where, Ap € R"*", Bp € R"*", uy € R",Cp € R™™,
Dy € R™ and C,,Dy (t) < D;. It is remarked that D; is
the maximal boundary of the disturbance; Cp, Dy are
the matrix and the vector when deriving the govern-
ing equation following state-space form.

Remark 2. Equation (5) is also a change of the prop-
erty of the governing equation (1) from a nonlinear
model to a linear model for the steps of the proposed
controller. The linearization can be used in this step to
find the linear model which belongs to the property of
the system.

The new main input uy is proposed as follows:

uy = oKpl, GsZV

6
+arfog| " Kptelelomleg ©

Where, Ko = Zo (YW —1,) ! € R™" is a matrix Z €

"X is a matrix

R™ ™M is a Lyapunov matrix; W € R
related the Lyapunov function; ¥ € R, o € R" are
positive constants; KC € R™M is a matrix as Kg =
ZP; the matrices Z € R™*" and P € R"*" are cho-
sen from the constraints; Gg € R is calculated as
GC = vW + &l,,, I, is the unit matrix; v € R, € € R are
two constants. The element of Zy, W, K and Ky are
solved from the constraints of linear matrix inequality
(LMI in short) method as Figure 1:

Remark 3. The input (6) is a new design with the as-
sumption that the disturbance is approximately zero.
The existence of the disturbance through equation (7)
with the relations of Ko, Zo and K¢ will guarantee the
stability of the system.

Remark 4.  The constraint equation (7) is to follow
the LMI method. In LMI, the diagonal elements are al-
ways designed less than or equal to zero. The other ele-
ments are going to zero value when analyzing to infinity
of time.

From Eq. (7), the constraints for the input control
term u are derived as:

ApW —WAL —Ap+BpZy=0 (8)
(YW —1,)Bp <0 ©)
(Ap+ BpKo)X +X (Ap+BpKo)" +BpZ 10)

+Z"Bp+8X+D; <0

Where, X € R"™" is chosen matrix; 8, € R is a positive
chosen constant.

Remark 5. The constraints (8-10) are chosen from the
property of Eq. (7) based on the boundary zero. The
constraints are solved by the trial-and-error method.
Remark 6. The parameter ot € R™ in Eq.(7) is cho-
sen from the performance output control. It is remarked
that the output control relates the prescribed sliding sur-
face, the results of constraints (8-10).

Proof of Eq.(7).

The equation (7) implies that (—yW +1,) Bp > 0. A
proposed smooth function @ (8;) is defined as fol-
lows:

0 (8) =

Z'[(Ap + BpKo8)X + X (Ap +BpKoSy)T
+BpZ+Z"BL + 8:X + Dylz

(11)

Where, z € R",z # {0}, z is a system variable related
to the control progress. The boundary §; can be seen
asavariable of the system, 8; € [84in, 1]- The smooth
function (11) is used to depict the operation of a sys-
tem with the feedback signal, disturbance, and other
elements related robust system. A derivative of equa-
tion (11) is obtained as:

¢'(8;) =z" (BpPKoX +XBLKY ) 2

1 12
<57 (BPKOX +XBLKT ) z (12
'd

From the boundary of 8; € [Oin, 1], it can be deter-
mined Oqy a8 0 < Gin < Onax < 1. On the other

hand, equation (11) can be described as Figure 2:
From the boundary of 0 < 8in < Gpax < 1, values of

5rlma.r B
In Oddmin
equation (14) is rewritten as follows as Figure 3:

and O yq¢ g0 to 0 and 1, respectively. Hence

Theorem: The proposed control is designed with the
input control u as shown in Eq. (6) and its constraints
for improving the global stability of the system as shown
in Eqs. (8-10). These functions are the frame of the
controllers which is proposed for the nonlinear system
following the homogeneous sliding mode control.
Proof: The Lyapunov candidate for the proposed con-
trol is described as follows:

[

V= EGSV (16)

Derivative form of Eq.(16) is described as:

V =ouw asV (17)

Eq. (5) can be defined as derivative form as:

8sV:¢+Cs7(3:Mlv+ (18)
Moy +Msy (fV*fdv) +cw®

Where,

A+ey(t)
Atey(t)

.
?=3

¢ =My + My +Msyey (1),

At ey (1)~ (A+av ()

My = 2(A tey (1)

)

1021
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, . 8
(A,W-WA; -A, +B,Z,) |m—2=B,Z,

dmin
5.11% TrpT
In—<==B; 7] (yW-1,)B,
drmin
)
Z,ln = 0
5dm'rr

[APW—WA; —}(}/WIH)BP

(A4, +B,K,)X +X(A, +B,K,) +|
+B,Z+Z'B; +5 X +D,

o)
Zomﬂ

drmirn

0 =0

(A, +B,K,) X +X(A, +B,K,) +
B,Z+Z'B; +8X+D,

-A, +B.Z,
k ©)
721 8 (YW-L,)B, ~In S M +BPIfO]f( +X(A, +B,K,) + o6
i Otmin | +B,Z+Z"BL +8 X+ D,
g P X 5
Where, &, . .8,  are positive parameters related the disturbance D_and &, . =6, .
Figure 1: Equation 7
g e, B s (A, +B.K &5, \X+X(A,+B.KS, )+
¢[5iJ:¢(5de_ [@(sjdsSzr ( 7 PWO fwm] ( P P OimJ o
o +B.Z+Z'B,+5X+D
dmin P P x E (1 3)
8 s |5
—InZdm= T(B,K X + XB, 'K, )
5.-irmrr i
The maximal value in Eq. (13) can be obtained as follows:
L (AW-WAT- e - o y e
o(8)<| b . |[{;.'W—IE]BP) (4 +BPch>dm_]X+X{‘1P +B K5, ) Tl
T A +B(yW-L K, | " \+B.Z+Z" BT +6X+D, J
5. ’ \ W2 e SR 5 \
—In C;"‘” zr(BPK,_\X +XB“,TK,_\r ]z—zr [{;’W—Iv ] K Iy e {;«W—Iv ]BPJz—
dmin ' - ) dmiin -
iy Ginee 7| (A + K6 ) X + X (4 +BPKO@m)T+L
Opin. | +B,Z+Z"Bl +5X+D, )
(14)

Figure 2: Equation (13) and (14)
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L[AW-wAT - )

Pla)=2 [—4:1?+BF(;.:W—IE:]K )({ Wl ][

The result (15) is less than zero because(yW—Iv_]BF <0, [

[{ A, +B.K,)X+X(A, +B.K,) ol

+B.Z+ ZTBg +3 X +D,

(4, +B,K,)X+X(4, +B,K,) +|

1x=<0
+B,Z+Z'BL +5 X +D, )
(15)
AW-WAT— 3
¥ 7 1=0, and

-A,+B, {;'Ir'u’—l‘C ]qu

1=0. Applying Schur’s complement with 2z to Eq. (14), the

obtained result is Eq.(7). The proofis completed. Il

Figure 3: Equation (15)

P ~ 2
L M er (@) (A-v )
e 2(A—ey (1)) ’

A+ey (1) A—ey(t)

My = 5+ 5 |-
2A+ev (1) 2(A—ev(1))
Substituting Eq. (5) into Eq. (18), equation (18) is

rewritten as:

Oy =@+ =My +My
+Msy (APXV +Bpuy +CpDy —fdv) +ew®

The lumped uncertainty is then determined by

¥ =M;3vCyDy (20)

Using Eq. (6) and Eq. (20), equation (19) is expressed
as:

Oy =My +Myy +MzyApxy

+M3yBpuy — MayXay +cov ®

& Oy = My + My + M3yApxy + M3y Bpx
(aKoly 0% + &t|oyy|" 8 K heOc = llowll o)

—MzyXgy +cw @

Substituting Eq. (21) into Eq. (17), equation (17) is
rewritten as follows:

‘7 = (MIV Jr]WZV) Osv +M3vAprO'SV
+aMyyBpKol, G + Oy Y+

aMsy ||ogy "¢ BpK ¥~ nllowll 6%
—M3yx4vOgy + Csv OOy

< M3yApxy Oy + Oy +

aMsy ||ogy||"T¢ BPKgIneGd—l"HaTvII)qYZV

(22)

(19)

The boundary of Eq. (22) can be found as:

V=My +sz) Oyv +M3vApxy Ogy
+aMyyBpKol, 0 + O Y+

aMay ||oy || BpK I, eGe(=llowl) 52
—M3vxavOsv + ¢y POy

< MzyApxy Oy + Ogw Y+

aMsy ||oyy "¢ BpK IS (- nllowll 6%

(23)

Where, y = aMsy ||oy||""€ BpKL,es1nllowlD,
Integrating Eq. (23) from s = 0tot =T is obtained as
follows;

V(0) =V (T) 4+ Msy [ Apxyoyydt
(24)

> = —dt
*2/0 VY

Where V (0) = %Gszv (0). It is noteworthy that V (T')
is positive. So Eq. (24) is rewritten as:

+M3V fO APXVO'Svdl‘

—2/ 76”

Hence the system is stable. This ends the proof. [

the above analysis, the flow chart of the control
20

(25)

is summarized in Figure 4. The observer~" is used to

evaluate the responses.

SIMULATION RESULTS AND
DISCUSSIONS

Dynamic Seat Suspension Model

In this work, the model of vehicle suspension sys-

11

tem ' is used for simulation as shown in Figure 5. The

main dynamic equations are described as follows.

msjf\_s = —ks (xs 7X0) —Cs ( Xs XO)

(26)
+ky (x1 —x5) +c1 (61 —X5) + Fur

1023
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- N

Input Control
+e K, I,‘ec""r"lb"”cr,v

= 2
u=akKI o, + a”o‘sv

_4
T

) Observer [20]
% () =8 (3 () +ev (% () (1)

Q% (t])]" W, [¥(1)=3(1)]

Plant -
Xg =f; (Xg ) + 8o (Xg )ty (t) +dg () =
Ap (X (£)£)%o (1) +B, (xo (£).£)ug () + C,Dg (1)

.‘{)
WaY]
£

i

Error
Output

System Constraints

AW-WA! - A, +B,Z, =0

(yW-1,)B, <0

(A, +B,K,)X+X(A,+B,K, )T +B,Z+Z'BL+5 X+D, <0

Figure 4: Process of the proposed control.

mix = —ki (x; —x5) +c1 (F) — %) (27)
Eqs.(26,27) can be rewritten as follows:
X =X =X
¥22 = fi1 (¥11,%22, %33, X44)
811 (X¥11,%22, X33, X44) Uy (28)

56\33 = 56\1 = X44
Xa4 = foo (X11,X22,X33,X44)

Where
Sin (x11,%22,%33,%44) =
*% (11 —x0) — 7= (x22 —Xp)

+ L (033 = xX11) + 5 (ag —x22),

&1 (x11,%22,%33,%44) = 1=

uy = Fur,

Jao (x11,%22,%33, X44)

— (3 = xn) — o (xag —x22).

The voltage to be applied to the damper is calculated
as follows 1

V=
Fupr — [ca (x44 — x20) 4+ ko (x33 — x11) + 0t 9]
cp (x44 —Xx22) +

Two controllers are used for simulation: an existing
control %, and the proposed controller. The control '
is also a start-of-art controller for comparison proper-
ties of the proposed control in this study. The detail
parameters for the two controllers are shown in Ta-

bles 1 and 2. The random step wave road is used for

1024

(29)

simulation as excitation as shown in Figure 6. This
signal is a real signal under the raw surface road which
was used °~!!. The main input control is calculated for
the force damper with its bounded value is 1000 N. An

20 is chosen for two controls. Based on the

observer
selected parameters and the matrices, the simulation

is executed and the results are shown and discussed.

DISCUSSIONS

The main results of the simulation are shown in Fig-
ure 7-Figure 15. Results of the proposed control are
shown in Figure 7-Figure 11. In Figure 7, the per-
formance of the proposed controller is good, and the
initial excitation as shown in Figure 6 is decreased its
values after controlling as shown in Figure 7a. Be-
cause of good performance at seat position, the vibra-
tion of the driver also decreases as shown in Figure 8.
It is noteworthy that the performance of the driver is
closed-relation with the seat system. Hence, any vari-
ations of the system are also directly affect the com-
fortable state of the driver. In Figure 9, the values of
the displacement seat’s response always belong to the
boundary of the prescribed performance. So the ob-
tained responses of the proposed control is to guaran-
tee the stability of the system. In the proposed control,
the prescribed sliding surface is used and its response
is shown in Figure 10. In this figure, the sliding sur-
face has changed its value following the excitation and
then adjust the input control to optimize the perfor-
mance. The damping force of the MR damper when
using the proposed control is shown in Figure 11. It
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Driver

m

Seat

| p—

o o

Ci

T ——

—

Figure 5: Vehicle seat suspension model.

Table 1: Simulation parameters for the proposed controller.

'+

Parameter

Initial value A (0)
Infinity value Ac,
Exponential value /
Boundary force

Sliding surface constants [k, k2]
Constant ¢,y

Observer matrix Qg
Observer matrix W
Initial state

Initial state for observer
Parameter y

Parameter o

Parameter v

Parameter &

Parameter 0,

Boundary disturbance Dy

Chosen matrix W

Value

0.5

0.001

0.00047

1000 N

[1,50]

5000

[1 0;0 1]

[30;10]

0.035 2.5]

0.035 2.5]

0.00001

le-10

1

1

0.5

[3 3;3 3]

1 1;1 1]
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Table 2: Parameters of seat suspension system for compared control'°. (*The symbols in this table are similar
the original form!°)

Parameter Value
Maximum damping force 1000 N
Observer matrix Qo [1 00 1]
Observer matrix Wy [30;10]
Parameter y 0.00001
Parameter v 1
Parameter € 1
Parameter & 0.1
Vector yg [-67170 —3.975.10%]
Matrix L [5.1078 6.10719; 5.1075 1.1076]
Matrix G4 1 1;1 1]
Initial state for control [0.035 2.5]
Initial state for observer [0.035 2.5]
1.5 T T T T T

=
A
T

Displacement (*0.1) (m)
i (=]

-1k

-'!-5 L L 1 1 1

0 50 100 150 200 250 300
Time (s)

Figure 6: Displacement of excitation.
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T
——Proposed Control
= = ‘Observer

Displacement of Seat System (m)

4 L L L L 1
90 100 110 120 130 140 150
Time (s)

(a)

0.01 5 T T T T T
——Proposed Control
= = ‘Observer

. 0.01F w
_\_':‘f:
£ 0.005F¢ -
2
7]
b |
v
= 0F
]
v
__3_"—0.005 =
s
2

-0.01 -

-0.015 1 A ' ' L
90 100 110 120 130 140 150

Time (s)

(b)

Figure 7: Displacement of seat system of the proposed control: (a) Displacement, (b) Velocity.
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%1073
51 ——Proposed Control |
= = ‘Observer
E
5
e
s 0r 1
T
=
7]
o
E
‘r"_"-:
-5 C 1 1 1 1 1 i
90 100 110 120 130 140 150
Time (s)
(a)
'0_'0} T T T T 1
——Proposed Control
- - ‘Observer
o 0,005
E
3
=
S of
°
=
3
o
= -0.005§ '|
'0.01 1 1 L 1 1
90 100 110 120 130 140 150

Time (s)
(b)

Figure 8: Displacement of driver of the proposed control: (a) Displacement, (b) Velocity.
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Prescribed Performance (m)

Prescribed Performance (m)

0.015

0.01

0.005

-0.005

-0.01

-0.015

-0.02

T T T T T

--------- Upper Boundary
--------- Lower Boundary
——Proposed Control .

i
50 100 150 200 250

Time (s)

(a)

T

T

T

T

T T T T T

= Ipper Boundary
L ower Boundary
——Proposed Control

90

100 110 120

Time (s)

(b)

130 140 150

Figure 9: Prescribed performance of the proposed control for displacement of seat system: (a) general view, (b)
large view.
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350 T T T T T
300 e
250 b
3 200t -
&
Z 150} 1
-
2
T 100F -
o
&
& S0F N
0
S0k i
_100 1 1 1 L 1
0 50 100 150 200 250 300
Time (s)
Figure 10: Prescribed surface of the proposed control.
86 T T T T T
855 . R - -
LA AR AN 1 (A ‘
E 85F b
w
2
=
— 845 B
O s4f .
3
835F -
83 L L L L 1
0 50 100 150 200 250 300

Time (s)

Figure 11: Damping force control for the seat model with the proposed controller.
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Figure 12: Displacement of seat system of the compared control: (a) Displacement, (b) Velocity, (c) Unstable area

view of displacement.

is shown that the controlled force is always lower than
the setup value 1000 N. This proves that the proposed
control is to save the consumption of energy. Results
of the compared control are shown in Figures 12, 13
and 14. In Figure 12, the performance of the seat sys-
tem is not good and the output value is always in the
unstable area as shown in Figure 12¢c. As mentioned
above, the performance of the driver is following the
seat vibration. Hence, the driver response is also not
good as shown in Figure 13. Furthermore, the con-

trol energy following the damping force of the com-
pared control also obtains the maximal value 1000 N
as shown in Figure 14. This point shows that the com-
pared control uses the maximal value of input con-
trol and the obtained results are not good. To con-
clude the proposed control and the compared control
based on the variation of power for control and the
frequency, the power spectral density (PSD) graph as
shown in Figure 15 shows that the proposed control
always guarantees the stability of the system which is
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better than the compared control. Figure 15 is also
show that the proposed control can save the energy of

control better than the compared control.

CONCLUSIONS

A new robustness controller was proposed and ap-
plied in this study for vibration control of a vehicle
seat system. The controller includes two sliding sur-

faces as conventional and prescribed model. From

1032

the proposed surfaces, the main input controller was
designed with its constraints related Lyapunov func-
tion. The stability of the controller was proved based
on Lyapunov candidate and LMI method. After an-
alyzing, the controller is is simulated and compared
with an existing controller '°. The compared results
show that the proposed controller obtains good per-
formance under severe disturbances in both stability

and saving energy. In future work, the technique of
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this research will concentrate on analyzing the affec-
tion of a switching controller to a real model, to im-
prove its flexibility in complicated models.
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Diéu khién cho cac hé théng phi tuyén dua trén hé diéu khién
truct véi bién dang déng nhat xac dinh

D6 Xuan Pha'", Nguyén Quéc Hung?
E| E|

)= TOM TAT
E“%ﬁ;‘ﬁ Bai bao gidi thiéu mét thuat toan diéu khién mdi dua trén mé hinh diéu khién trugt kép va diéu
khién tdng cudng dung cac rang budt theo phuong phap ma tran bét tuyén tinh (LMI). Diéu khién
dé nghi dugc &p dung cho hé théng bi nhiéu nang. Ham mat truct trong diéu khién truct gém
hai phan: phan ham ma va ham lién quan dinh thiic kiéu t (t-norm) dé tiét kiem nang luong trong
qua trinh diéu khién hé théng. Cac phuong trinh rang buét lién quan LMI dugc dé nghi gom céc
ma tran va vec-tc theo phuang phép chon dé dam bao nguén nang luong cho diéu khién. Viéc
gidi cac rang budt clng dugc gidi thiéu trong bai bdo theo hudng tiét kiém thoi gian tinh toan.
Thém vao do, viec chiing minh thuat toan diéu khién cling dugc gidi thiéu véi cac phuong trinh
Lyapunov. Trong ham diéu khién dau vao, dang dinh thic t dugc dung dé€ cai thién kha nang diéu
khién nhiéu. Ngoai ra dang dinh thic t, dang mét truct bién déi trong ham diéu khién déu vao
cling dugc cai tién vai muc tiéu tiét kiém nang lugng. Su két hop clia cac thanh phan nay mang
dén kha nang mai cho thiét ké diéu khién. Su vugt tréi clia diéu khién dé nghi dugc minh chiing
qua mod phong véi hé théng gidm séc & ghé ngdi xe. Hé théng giam séc dung mét giam chan luu
chat tr bién va dang nhiéu ngau nhién dugc dung trong méd phong nay. Mét thuat todn so sanh
tU nghién ctu hién tai dugc dung dé danh gié két qua clia thuat toan dé nghi. Thuat toan so sanh
cb cau truc kha giéng vdi thuat toan dé nghi. Cac két qua méd phong cho thay thuat toan dé nghi
mang dén kha nang t&t hon va én dinh hon cho hé thdng. Tinh 8n dinh clia thuat toén dugce danh
gi4 qua nang luong dau vao va biéu d6 nang luang phd (PSD) lién quan nang luong tiéu thu.
Tu khoa: diéu khién déng nhét, diéu khién truct, mat truct, diéu khién dao déng, hé théng gidm
s6c ghé
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