TNU Journal of Science and Technology

227(02): 87 - 95

SLIDING MODE CONTROL BASED ON DISTURBANCE OBSERVER AND
QUASI-SLIDING MODE FOR TWO_TANK INTERACTING SYSTEM

Pham Thanh Tung®", Nguyen Chi Ngon?
Vinh Long University of Technology Education

2Can Tho University

ARTICLE INFO

ABSTRACT

Received: 18/12/2021
Revised: 16/02/2022
Published: 23/02/2022

KEYWORDS

Sliding mode control
Disturbance observer
Two_tank interacting
QUASI sliding mode
MATLAB/Simulink

This article presents a method to design a sliding mode control based
on disturbance observer and Quasi-sliding mode (SMC_DO_Q) for
two_tank interacting system. In process industries like petroleum
refineries, chemical, paper industries, water treatment industries the
control of liquid level in a tank system is a major concern. The sliding
mode control guarantees the actual liquid level follows the desired
level in a finite time. The disturbance observer will estimate the
disturbance and uncertainty, and the compensation will be realized in
the feedback control. The Quasi-sliding mode is used to overcome the
chattering phenomena in the sliding mode control. Simulation results
in MATLAB/Simulink show the performance of the proposed
controller and are compared with Fuzzy Logic Controller, Fuzzy-PID
Controller, Fuzzy-Optimized model reference adaptive control based
on the Lyapunov rules and Sliding Mode Control using Conditional
Integrators without the overshoot, the rising time achieves 0.3183(s),
the settling time is 0.5102(s) and the steady-state error is eliminated.
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Bai béo nay trinh bay phuong phap thiét ké bo diéu khién truot dua
vao bo quan sat nhiéu va ché do Quasi hé théng bon doi twong tac.
Diéu khién muc chét long trong mot hé théng bon chira 1a su quan
tam 16n trong cac nganh cdng nghiép ché bién nhu dau khi, nha may
loc dau, héa chét, cong nghiép gidy, cac nganh cong nghiép xur ly
nuéc. Bo diéu khién trugt dam bao vi tri muc chét long thuc té bam
theo vi tri mong muén trong thoi gian hitu han. Bo quan sét nhidu s&
udce lugng nhidu va thanh phan khong chic chin va phuong phap bu
s& dugc thuc hién trong diéu khién hoi tiép. Ché @6 truot Quasi duoc
sir dung dé khic phuc hién tuong chattering trong diéu khién truot.
Céc két qua md phong voi MATLAB/Simulink cho thay hiéu qua cua
bo didu khién dé xuat va duoc so sanh véi bo diéu khién mo, PID-
mo, diéu khién thich nghi mé hinh tham chiéu téi vu mo dya vao cac
luat Lyapunov va diéu khién truot sir dung tich hop diéu kién véi do
vot 16 1a 0(%), thoi gian tang dat 0,3183(s), thoi gian xac lap la
0,5102(s) va sai s6 x4c lap bi triét tiéu.
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1. Giéi thiéu

biéu khién muac chat long trong mét hé thong bon chira 1a sy quan tam I6n trong cac nganh
cdng nghiép ché bién nhu dau khi, nha may loc dau, hoa chat, cong nghiép gidy, cac nganh cong
nghiép xir ly nudc [1]. Qua trinh cac nganh cong nghiép nay yéu cau chat long dugc bom va luu
trir trong cac bon chira, sau d6 duoc bom sang bon khac. Han che chinh la thugc tinh vat ly tic la
chiéu cao ciia bon dé tranh nudc tran va ciing dé tranh cac méi nguy hiém trong nha may [2].
Muc tiéu cua bai bao 1a quan tdm dén muc chat long trong gidi han nhat dinh. Chiéu cao mong
mubn duoc hiéu 1a diém dat. Bién ngd vao 1a dong chay vao bon chia con duoc goi la bién dugc
diéu khién.

Trong diéu khién qua trinh, diéu khién muc chat long cua hé thong bon doi twong tac 1a rat
kho, vi day 1a hé thong khdng chac chan [2]. Do d6, diéu khién mirc chat long duoc quan tim dac
biét trong k¥ thuat diéu khién hé théng. Mot vai giai thuat diéu khién da dugc st dung, tiéu biéu
nhu diéu khién muc chét long st dung bo diéu khién théng minh [1], b diéu khién PID-mo [2],
[3], diéu khién thich nghi mo [4], diéu khién thich nghi mé hinh tham chiéu t6i vu md dua vao
cac luat Lyapunov [5], [6] st dung didu khién truot tich hop diéu kién, diéu khién truot bac hai
[7]. Chét lwong diéu khién muc chat long cua cac cong bd néu trén dat hidu qua tdt, tuy nhién,
nhiéu va thanh phan khdng chic chan lai chua dugce quan tim, xem xét. Do d6, nghién ctru ny
dé xuét sir dung bo diéu khién truot dwa vao bo quan sat nhidu va ché d6 Quasi &p dung cho hé
thdng. Bo diéu khién truot dam bao vi tri mac chat long thyuc té bam theo vi tri mong mudn trong
thoi gian hitu han. Bo quan sat nhidu s& u6e lwong nhiéu va thanh phan khéng chic chin va
phuong phap bu s& duoc thuc hién trong diéu khién hdi tiép. Ché do truot Quasi duoc sir dung dé
khéc phuc hién tuong chattering trong diéu khién truot. Day 1a hién tugng c6 thé gdy hu hong cac
thanh phan cua hé thong nhu co ciu chap hanh.

Bai bao dugc té chirc gdm 5 phan: md hinh toén hoc cua hé thong duoc trinh bay trong phan
2, phan 3 trinh bay phuong phép thiét ké bo diéu khién truot dwa vao bo quan séat nhidu va ché do
Quasi, két qua md phong va danh gia duoc trinh bay trong phan 4 va phan 5 1a két luan.

2. M6 hinh toan hec ciia hé théng bén déi twong tac

M6 hinh hé théng bon déi twong tic dwoc trinh bay nhu Hinh 1 [1], [8]. Trong Hinh 1, cau
trac lién két 1a su bé tri ndi tiép 2 bon chira chat long. Dau tién, chat 1ong chay vao bdn 1, sau d6
qua bon 2. Ngd ra caa mdi bon ¢6 luc can dong chay do cac van chi phdi [1]. Chiéu cao cia mic
chét long 1a hy (cm) trong bon 1 va h, (cm) trong bdn 2. Luu lugng thé tich vao bon 1 12 g
(cm3/min), tbc do thé tich dong chay tir bon 1 1a g1 (cm3/min) va téc do thé tich dong chay tir bon
2 1a go (cm3min). Dién tich caa bon 1 12 Ay (cm?) va bdn 2 1a A, (cm?). Ry va R; 1a luc can dong
chay cua chat long (s/m?) ra khoi bdn 1 va bdn 2.

h R h, R
T ﬁ
¥ —_ L
-— 4 -—
p " |l
R R 4.
Bon 1 Bon 2

Hinh 1. M6 hinh hé thang bon déi twong tdac [1], [8]
Ham truyén dat cta hé théng bon ddi twong tac nhu (1) [1], [8]:
_ hZ — RZ

0, TT,S+(T,+T,+AR,)s+1 @
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V6i hang s6 thoi gian cia bon 114 T, = AR, va hang sb thoi gian caabon 2 1a T, = AR,
Tu (1) taco (2):

h, = —ah, —bh, +cq, —d )
Trong do: a=T1+T2+AR2;b= 1 ‘c= R,
T1T2 TlTZ T1T2

Vi h, la vi tri mac chat long cua bon 2 — ngd ra, d bao ham nhiéu ngoai va cac yéu t6 bat
dinh khac. Muc tiéu trong nghién ctru nay la diéu khién on dinh murc chat long trong bon 2.
3. Thiét ké b diéu khién trwot dwa vao b quan sat nhiéu va ché do Quasi
3.1. Thiét ké va phan tich bg quan sat nhiéu
B quan sat nhidu duoc dé xuat boi Atsuo va cong su nhu (3) va (4) [9]:
d=k (&-h,) ©)
w=—d +cq, —k,(&-h,)—ah, —bh, (4)
Trong d6: d 1a uéc lugng ciia d va & la ude luong cua h,, k, >0,k, >0
Ham Lyapunov dugc dinh nghia nhu (5):

1 -, 1
V:_ 2 _~2
Tk T2 ©)
Véid=d-d,o=h,—d
Pao ham cua (5) ta cé (6):
vl_id~+a3@=ki&(d—d)+@(ﬁz—cb) )
1 1

T (3) va (4), ta c6 (7):
Vi =%&d —%a&m(ﬁz ~(~d +cq, —k, (&1, )-ah, —bhz))

a;—hz)Jcm)(—ah2 —bh, +cq, —d —(—dA+cqin —kz(é)—hz)—ahz—bhz))

T e )
= dd—d(o-h,)+a(-d +d +k(o-F,))

- LG4+ 36+ (-0 - k) = —dd k" <0
K K,
Gia st nhidu d Ia tin hiéu thay d6i cham va d bi gisi han. Khi k, c6 gia tri twong déi I6n, ta

duoc k—d ~ 0. Tai cung thoi gian, k,ciing c6 gia tri tuong doi 16n, ta co (8):
1

A =%dd —k,@* <0 (8)
Nhidud dugc woc lwong bang bd quan sat nhidu dugc thiét ké va phuong phap bu s& dugc
thuc hién trong diéu khién hoi tiép.
3.2. Thiét ké bg diéu khién truet

Mt truot dugc thiét ké nhu (9) [10]:
s=é+ce 9)
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Véie=h,, —h,, c>0
Pao ham cta mat trugt nhu (10):

§=6+cé=h, —h,+cé=h,, +ah, +bh, —cq_+d +cé (10)
Luat tiép can téc ¢ hang nhu (11):
$=-nsign(s) (11)
Bo diéu khién trugt dwa vao bo quan sat nhidu nhu (12):
g, =1[H2d +ah, +bh, +6+ce’+rysign(s)] (12)
c
Ham Lyapunov dugc dinh nghia nhu (13):
1
V,==¢° 13
2 =5 (13)
Pao ham cna (13) nhw (14):
V,=s§= s[ﬁ2d +ah, +bh, —cq, +d +cé] = s[d —d —nsign(s)} =ds—n|s|<0 (14)

Véi d=d-d, n>|d|
Ham Lyapunov cua toan bo hé théng dugc mé ta nhu (15):
V=V1+V2=id~2+la”)2+ls2 (15)
K, 2
Tir (8) va (14), taco: V <0
3.3. Bg diéu khién truet dwa vao bé quan sat nhiéu va ché dg Quasi
“Trong céc h¢ thdng ky thuat, hién twong chattering c6 thé gay hu hong cac thanh phan cia hé
thong nhu co cau chap hanh [10]. D€ han ché hién tugng nay, ché do truot Quasi dugc dé cap va
str dung. Trong ché do trugt Quasi, ham b&o hoa sat(s) va ham relay duoc sir dung thay vi ham
sign(s) trong (12).
Ham bao hoa nhu (16) va tin hiéu nhu Hinh 2 [10]:

1 S>A
sat(s)=1ks |s|£A,k=i (16)
-1 S<-A

Trong do: A la lop bién

» s(t)

4
Hinh 2. Tin hiéu ham béo hoa
Ban chét ctia ham bdo hoa la: ngoai 16p bién, diéu khién chuyén mach duoc lua chon, trong
I6p bién, diéu khién hoi tiép thong thuong duoc théng qua. Vi vay, hién tugng chattering duoc
han ché mot céch triét de.
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Ham relay nhu (17) [10]:

s
d(s)=
) =s (17)
Trong d6: & la hang sé duong rat nho
Lic nay, bo diéu khién truot dua vao bo quan sat nhidu va ché @6 Quasi hé théng bon doi
tuong tac nhu sau:
V61 ham bao hoa nhu (18):

g, =%[h'2d +ah, +bh, +d +cé+nsat(s)} (18)
V61 ham relay nhu (19):

1

G = h,, +ah, +bh, +d +cé+7——r0 (19)

|s|+&

Bo diéu khién truot dua vao bo quan sét nhidu va ché d6 Quasi nhu (18) va (19) dam bao muc
chat long thyc té cua hé thdng bon doi tuong tac hoi ty vé muc chét long mong mudn trong thoi
gian hiru han, pen vitng voi nhiéu va thanh phan khdng chic chin, han ché hién tuong chattering
xay ra trong dieu khién trugt.

4. Két qua mo phéng va danh gia

So d6 cau trdc bo diéu khién truot dya vao bo quan st nhidu va ché do Quasi dugc trinh bay
nhu Hinh 3:

biéu khién truot dua vao bd
quan sat nhiéu va Quasi
s e ——— Tlham [ L I
T Piéu khién trieot Quasi Bon doi tirong tac
Bo quan sat
1]

Hinh 3. So do cdu tric bé dieu khién trurot dira vao bé quan sat nhiéu va ché dg Quasi
Céc thdng s6 cua hé thong dugc trinh bay nhu Bang 1 [8] va Bang 2 trinh bay c4c thong s6
cua bg dieu khién d€ xuat. Cac thong so nay duoc lya chon dua vao phuong phép thur va sai trong
qua trinh mé phong két hop véi quan sat dap ung cua hé thong dé lua chon cac gia tri phu hop.
Bang 1. Cac thdng sé cia hé thang bon déi twong tdc [8]

Thong sé A A, R, R,
Gia tri 0,0145 0,0145 1478,57 642,86
Don vi m? m? sec/m? sec/m?
Béang 2. Céc thdng so cua bg dieu khién deé xudt
Thoéng s6 Y nghia Gia tri

k, Hé s6 u6c luong cua d 5000

k, Heé sb wdc lugng cua h, 5

c Hg s6 cia mit trugt ‘ 50

n Hé s cua luat tiép can téc do hang 50

) Hg s6 16p bién 0,1

& Hang s6 duong caa ham relay 0,5

So dd md phong MATLAB/Simulink bo didu khién dé xuat cho hé théng bdn déi twong tac
véi d =100sin(0,5t) dwoc trinh bay nhu Hinh 4.
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J"'LL"J >
i SMC_QUASI BON_DOI_TUONG_TAC }—
il ’
BO_QUAN_SAT —‘ D X2
d

Hinh 4. So' @6 MATLAB/Simulink bg diéu khién dé xudt

Dép (ng sine caa bo diéu khién truot dua vao bo quan sat nhiéu va ché do Quasi (ham béo
hoa va ham relay) dugc trinh bay nhu Hinh 5. Qua dap wng & Hinh 5, vi tri mac chat long thuc té
h, bam theo mirc chat long mong muén (h,, =0,6(m)) trong thoi gian hitu han véi sai sb bam
hoi tu vé 0. Biéu nay cho thay, hiéu qua ctia bo diéu khién dé xuit trong diéu khién bam hé thong
bon dbi tuong tac. Pong thoi, bd quan sét nhidu ciing khing dinh vai trd ude lwong trong wéc
lwong nhidu va thanh phan khéng chic chian d véi hiéu qua xap xi dat 99,98(%). Két qua wéc

lwong va sai s6 duoc trinh bay trong Hinh 6.
100
50 /
0
uoc luong d

Dap ung sine cua bo dieu khien de xuat voi Sat
- myd
y-Sat !
15 0 5 10 15

05 /
-0.5F

Thoi gian(s) Thoi gian(s)
0.5 /

.
0 5 10
Dap ung sine cua bo dieu khien de xuat voi Relay Sai so uoc luong cua d
-0.5F

d va uoc luong cua d
T T

Bien do(m)
o
Bien do

- =

Bien do(m)
o
Bien do

- wmyd

y-Relay

0 5 10 15 ’ 0 5 10 15
Thoi gian(s) Thoi gian(s)

Hinh 5. Pdp ing sine cua bg SMC_DO_Q Hinh 6. Két qud va sai sé wdc heong d
Hinh 7 trinh bay tin hiéu diéu khién cua bo diéu khién dé xuat. Quan sat Hinh 7 ta thay ring,
bo didu khién SMC_DO_Q di khic phuc tét hién twong chattering quanh mit truot cua tin hiéu
diéu khién. Biéu nay chung to hiéu qua caa su két hop gitra diéu khién truot dya vao bo quan sét
nhiéu va ché do truot Quasi trong thuc nghiém mé phong hé thdng bon déi twong tac.

Tin hieu dieu khien voi Sat
T T

Tin hieu dieu khien voi Relay
T T

04

0.4

0.2f 0.2

0 0

Bien do
Bien do

-0.2F -0.2

o4 5 10 15 o 5 10 15
Thoi gian(s) Thoi gian(s)
Hinh 7. Tin hi¢u d@iéu khién cia bg SMC_DO_Q
Dap ing nic va sai s6 cia bg SMC_DO_Q dugc trinh bay nhur Hinh 8. Mtc chét long thyc té
van hoi tu vé mirc chat long tham chiéu trong thoi gian hitu han véi thoi gian tang dat 0,3183(s),
thoi gian xé4c lap 1a 0,5102(s), khong c6 do vot 16 va sai sb xac 1ap tién vé 0. CAc chi tiéu nay cua
bo didu khién d& xuit duoc trinh bay & Bang 3 va duogc so sanh véi bo diéu khién mo [1], PID-
mo [2], diéu khién thich nghi mé hinh tham chiéu téi wu mo dya vao cac luat Lyapunov [5] va
diéu khién truot sir dung tich hop diéu kién [6]. Qua cac chi tiéu ¢ Bang 3, ta thy rang cac chi
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tiéu dat dugc cua bd SMC_DO_Q tdt hon céc chi tiéu cua cac cong bé [1], [2], [5] va [6] khi &p

dung cho hé théng nay.

07 Dap ung nac cua bo dieu khien de xuat voi Sat

0.6 pm === -

-
y-Sat

. .
0 0.5 1 1.5 2 25
Thoi gian(s)

Sai so nac cua bo dieu khien de xuat voi Sat
T T T T

Bien do(m)

. . . .
0 0.5 1 1.5 2 25
Thoi gian(s)

Dap ung nac cua bo dieu khien de xuat voi Relay

0.6 = == -

0.5

-_— myd

y-Relay

. .
0 0.5 1 1.5 2 25
Thoi gian(s)

Sai so nac cua bo dieu khien de xuat voi Relay
T T T T

. . . .
0 0.5 1 1.5 2 25
Thoi gian(s)

Hinh 8. Pdp ing ndc va sai so cua bé SMC_DO_Q
Bang 3. Cac chi tiéu cia bg SMC_DO_Q

biéu khién thich nghi

Dieu khién

Cac chi tiéu mo hinh tham chiéu  PID-m& Dl.e;u truot sir dung
£ SMC_DO_Q K. N N . khien , A
chat lwgng toi wu mo dua vao cac [2] mé [1] tich hop diéu
luat Lyapunov [5] kién [6]
Thoi gian x4c 1ap (s) 0,5102 5,8708 4,2 30 330
Theoi gian tang (s) 0,3183 3,0678 1,3 - 87,184
Sai so xac lap (m) 0 -8,1561e-6 0 - -
Do vot lo (%) 0 0 20,2 4 0,6

_ Hinh 9 trinh bay dép tng xung vuong cuia bo diéu khién dé xuét. Dap (ing thuc té cua hé thong
van hoi tu ve tin hi§u dat trudc trong thoi gian hitu han vai sa[ so tien ve 0 khi muc chat long
mong muon thay doi tai cac thoi diém 2,5(s), 5(s) va 7,5(s). biéu nay cang khang dinh thém su

hiéu qua cua b6 SMC_DO_Q.

Dap ung vuong cua bo dieu khien de xuat voi Sat
T T T T T T T

0.6 r 1
E 1 !
S 04r 4
° I I
8
002 L] B
=yd
0 L L L L 1 1 L Il y-sat
0 1 2 3 4 5 6 7 8 9 10
Thoi gian(s)

Dap ung vuong cua bo dieu khien de xuat voi Relay

06 r 1

E I I |
5041 1
© |
< I
@ 02f - .
— oy
0 . . . L | L 1 y-Relay
0 1 2 3 4 5 6 7 8 9 10

Thoi gian(s)
Hinh 9. Pdp 1ing xung vudng cuia bé diéu khién dé xudt

Dap ung sine cua bo dieu khien de xuat voi Sat khi A1 = 0.145m?
T T

g 0.5 S|
o
T 0
a:) — o yd
m-05F | y-Sat
0 5 10 15
Thoi gian(s)
Dap ung nac cua bo dieu khien de xuat voi Sat khi A1 = 0.145m?
P T —" — I
Eosf |
o
k]
5 = -
o 0 | | | | y-Sat
0 0.5 1 1.5 2 25
Thoi gian(s)
Dap ung vuong cua bo dieu khien de xuat voi Sat khi A1 = 0.145m?
— T T T T T T
Eosf f
5 I I
°©
5 - = =u
] 0 Il L 1 L L 1 L L y-sat
0 1 2 3 4 5 6 7 8 9 10
Thoi gian(s)

Hinh 10. Pdp #ng sine, ndc va xung vudng cua bg
SMC_DO_Qkhi A =0,145(m? ) véi ham bao hoa
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Dap ung sine cua bo dieu khien de xuat voi Relay khi A1 = 0.145m? Dap ung bo quan sat d
£ 05fF ! I J ! ;
£ ]
T 0
5 m— myd
@©-05F ) y-Relay
0 5 10 15 |
Thoi gian(s)
Dap ung nac cua bo dieu khien de xuat voi Relay khi A1 = 0.145m?
P T — r— ;i
Eosf .
o Es] 4
© c
c — wmyd (7]
& 2
o 0 | | | y-Relay o
0 0.5 1 1.5 2 25
Thoi gian(s) 7
Dap ung vuong cua bo dieu khien de xuat voi Relay khi A1 = 0.145m?
- T T T T T T
Eosf f 1 |
o 1
°
5 = =
m 0 L 1 1 1 1 1 1 y-Relay L L
0 1 2 3 4 5 6 7 8 9 10 0 5 10 15

Thoi gian(s) Thoi gian(s)

Hinh 11. Pdp #ng sine, ndc va xung vudng cua bg Hinh 12. Pdp ung bé quan sdt khi tang gia tri R,
SMC_DO_Qkhi A = 0,145(m2) véi ham relay |&n 25% tai t =7 +15(s)

Cac dap tng sine, ham nic va xung vudng cia by SMC_DO_Q khi A ting tir
A =0,0145(m’) 1&n A =0,145(m?) véi ham bdo hoa nhu Hinh 10 va ham relay nhu Hinh 11.
Vi nhimg ngd vao khéc nhau, dép (ing thuc té ciia h¢ théng van bam theo mirc chat long mong
muon. Hinh 12 trinh bay dap (ng cta bo quan sat khi tang gia tri cta lyc can dong chay (R2) 1én
25% tai t =7 +15(s) cua thoi gian md phong. Luc nay, dap tng cua b quan st s thay doi, tuy
nhién dap tng cua bo diéu khién dé xuat van dam bao véi sai s6 hoi tu vé 0 va duoc trinh bay
nhu Hinh 13. Hinh 14 trinh bay dap tng cua bo dicu khién dé xuat khi gia lap nhiéu cam bién tac

dong & ngd ra cua hé thdng bon doi twong tac.

Dap ung cua bo dieu khien de xuat voi Sat khi tang R2 25% tu giay thu 7 Dap ung cua bo dieu khien de xuat voi Sat khi co nhieu ngoai
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Hinh 13. Pdp ung cia bg SMC DO _Q khi tang gia  Hinh 14. Ddp ung cua bg SMC_DO_Q khi gid ldp
tri Rz 18n 25% tai t =7+15(s) nhiéu cam bien

Tir hinh 13 va 14 cho thdy, dap (ing thuc té cia h¢ thong van hoi tu vé mac chat léng mong
muon ngay ca khi gia tri cua lyc can dong chay thay doi va c6 nhicu ngoai. Dieu nay ching to
tinh bén vitng cta bd diéu khién dé xuat vai hé thong.

5. Két luan

Bai béo da thiét ké bo diéu khién truot dya vao b quan sat nhidu va ché do Quasi ap dung
diéu khién bam muc chat long cho hé thong bon doéi twong tac. Bo dieu khién trugt da dam bao
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muic chat 16ng thyc té hai tu vé muic chat long tham chiéu, bo quan sat nhidu da xap xi nhiéu va
thanh phan khéng chac chin dat higu qua 99,98(%), ché &6 Quasi voi ham bao hoa va ham relay
da khac phuc hiéu qua hién tuong chattering quanh mit truot. Cac két qua mé phong dat duoc
véi MATLAB/Simulink cho thay hiéu qua, sy pht hop va tinh bén viing cua bo diéu khién dé
xuit ngay ca khi dién tich cua bon 1, gia tri cua hec can dong chay thay ddi va nhidu ngoai tac
dong. Céc chi tiéu chét lugng dat duoc cua bd didu khién dé xuit tét hon bo didu khién ma, PID-
mo, diéu khién thich nghi mé hinh tham chiéu t6i vu mo dua vao cac luat Lyapunov va diéu
khién truot sir dung tich hop diéu kién. Trong thoi gian téi, nghién ctu s& wng dung cac cong cu
tinh toan mém dé cai tién hiéu suat va thuc nghiém trén md hinh thyc té.
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