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TOM TAT

Nghién ciru nay trinh bay phuong phap thiét ké bo diéu khién bam murc chat long
cho hé thong bon kép dya vao phuong phap diéu khién trugt va diéu khién trugt két hop
v6i k¥ thuat cudn chiéu. Diéu khién trugt 12 phuong phép diéu khién bén viing dé loai
bo nhidu va thanh phan khong chic chan. K§ thuat cudn chiéu chia bai toan diéu khién
cac hé théng bac cao phuc tap thanh mot chudi céac bai toan diéu khién bac thép hon
thong qua thi tuc dé quy. Tinh 6n dinh cua hé thong dugc ching minh bang 1y thuyét
Lyapunov. Cac két qua mo phong trong MATLAB/Simulink da cho thay hiéu qua, su
pht hop va bén viing ctia phuong phap diéu khién dé xuét so v6i bo diéu khién PID
truyén théng vo1 thoi gian tang, thoi gian xac lap, do vot 16, sai sb xac lap cua bo diéu
khién trugt va trugt cudn chiéu twong Gng 13 12.4(s), 23.2(s), 0(%), 0(cm); 11.23(s),
20(s), 0(%), O(cm).

Tir khéa: Bon kép, diéu khién trugt, k¥ thuat cudn chiéu, MATLAB/Simulink.

ABSTRACT

This research presents the method to design a liquid level track controller for a coupled-
tank system based on sliding mode control (SMC) approach and sliding mode control
combined with a backstepping techniques (BSMC). The sliding mode controller is known
as robust nonlinear controller to reject uncertainty and perturbation. The backstepping
method breaks the problem of controlling complex higher order systems into a sequence
of lower order control problems through a recursive procedure. The stability of the control
system is proved by the Lyapunov theory. Simulation results in MATLAB/Simulink show
the efficiency, suitability and robustness of the proposed control method compared with
the traditional PID controller with the rising time, the settling time, the percent overshoot,

the steady state error of the sliding mode controller and the backstepping techniques are
12.4(s), 23.2(s), 0(%), O(cm); 11.23(s), 20(s), 0(%), O(cm), respectively.

Keywords: coupled-tank system, sliding mode control, backstepping, MATLAB/
Simulink.
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1. Gi6i thiéu

Diéu khién murc chit long dong vai trd
rdt quan trong trong linh vuc cong nghiép
[1], dac bi¢t vdi cac ung dung trong cong
nghiép hoa chét, loc héa dau, xir 1y nudc,
san xuat dién va san xuat vat liéu xay dung
[2], ndi hoi, thiét bi bay hoi, 10 phan tng,
cot chung cat [3]. Hé thong bon kép duogc
str dung dé diéu khién muc chat long 1a mo
hinh thuong dugc sir dung nhu mot phan
cua cac dy an kinh doanh thuong mai [4].

Piéu khién muc chéat 1ong trong hé
thong bdn kép duoc nhiéu nha khoa hoc
quan tdm nghién ctru va cong b, tiéu biéu
nhu: trong [1], [2], [5] dd két hop bo diéu
khién PID va k¥ thuat logic mo. B¢ diéu
khién thich nghi mé hinh tham chiéu da
chirng minh tinh hiéu qua hon so voi bo
diéu khién PI va logic md dugc thuc hién
trong [4]. Hiéu qua cta b diéu khién logic
mo so véi bo diéu khién P, PI, PID duoc
chting minh trong [6]. B diéu khién mo ty
1€ PID dugc thyc hién trong [7]. Trong [8]
da thyc hién diéu khién téi wu voi sy khac
nhau gitta m6 hinh thuc va moé hinh thay
thé, hiéu qua bo diéu khién PI dugc danh
gia trong [9].

T cac co s& néu trén, nhém nghién
ctru d& xuat va kiém ching bo diéu khién
truot va diéu khién truot két hop véi ky
thuat cudn chiéu dé diéu khién bam muirc
chat 1ong hé théng bon kép trong thoi gian
hitu han. Phuong phap diéu khién truot
xuat hién nhu mot cong cu hiéu qua dé giai
quyét su khong chic chian va nhidu ngoai
trong hau hét cac hé théng thuc té va 1a mot
trong cac phuong phap diéu khién hoi tiép
bén vitng [10]. K¥ thudt cudn chiéu chia
bai toan diéu khién céac hé théng bac cao
phirc tap thanh mot chudi cac bai toan diéu
khién bac thip hon thong qua thi tuc dé
quy. Bang cach nay, tinh linh hoat trong
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cac hé thdng bac thap hon nay co thé dugc
nghién ctru dé thiét ké bo diéu khién, gitp
cho viéc diéu khién it bi han ché hon trong
cac yéu cau vé do phuc tap ciia hé thong so
v6i cac phuong phap khac [11].

Bai bao dugc to chirc gom 5 phan: phan
2 trinh bay mé hinh toan hoc ciia hé thong
bdn kép, diéu khién truot va truot cubn
chiéu dugc thiét ké trong phan 3, phan 4
trinh bay cac két qua mé phong va danh
gia; két luan 14 phan 5.

2. M6 hinh toin hoc ciia hé thong
bon kép

Hé théng bon kép gdm 2 bon lién két
nbi tiép nhu Hinh 1 [1]. M6 hinh c6 thé
dugc thé hién dudi dang hé thong bac hai
v6i mot s6 xap xi tuyén tinh. H, H, la
chiéu cao mirc chat 1ong trong bon 1 va 2,
A, A4, 1a dién tich mat cat ngang cua bon 1
va2, 0, la tdc d6 dong chay giita cac bon,
0., 0, latbc do dong chay bom vao bon 1
va2, 0,0, la téc d6 dong chiay bom ra
tirbon 1 va 2.

Vich ngan
n_Vv
Bén 1 o U Bén 2

\ Qit Qi

ffﬁ}h I

Qo1 Qo3 Qo2

e

Hinh 1. Cdu tric hé théng bén kép

V&i md hinh tuyén tinh dudi sy thay
do61 nho trong hoat dong cua hé thong, gia
su ’V(')’l toc do d(‘)pg chay O, 'Vé. Qz2’ mﬁ’c
chat long trong bon chura ¢6 gia tri 6n dinh
H, va H,. Xét sy thay doi nho trong moi
dong chay, ¢, trong Q. , g, trong Q.. Ngd ra
cua mo hinh tuyén tinh la 2 va ..

Ham truyén cta hé théng nhu [1]
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H,(s) _ KK, (1)
0, (s) rlrzs2 +(r,+1,)s+(1-K,K,,)
Trong do:
T, = A4
a n oy
2JH, 2JH -H,
TZ = A2 9
a, i oy
2JH, 2JH -H,
K, = !
a "
2JH, 2JH-H
K2 = 1 9

(04
2JH, 2\H -H,
o

20JH-H,
a, n a,
2JH, 2\H -H,

a,, a,, oy 1a cac hang so.

K, =

Van (bd truyén dong bom) c6 thé duoc
mo hinh nhu mot thanh phan quan trong
trong dbi twong. Phwong trinh vi phan mo
ta dong hoc ctia van nhu (2) [1]:

qd( ) 4 (0=0.0) @

Trong do, T, 1a hang s6 thoi gian cia
van, ¢,(¢) 1a tbc do dong chay ngd vao thay
d6i theo thoi gian va O (¢) toc do dong
chay duoc tinh toan hoic theo yéu cau.

Dit cac bién trang thai nhu (3) va (4):

H,(t)=x(t) 3)
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% (t)=x,(¢) (4)
Thé (3) va (4) vio (1), ta duoc (5):
1-K.K,

b, (1)~

sz(,)Jr

0T,

o) ®

TITZ TITZ
bat
1-K,K,, T, +7,
=— t)— t
7)== ()= B (1) 0

Khoéng gian trang thai cua hé thong
bon kép nhu (7) va (8):

X (1)=x,(1)

(7)
5, (1) = £ () + B2 (1)

H,(t)=x(t) (®)

Vo x(t)=[x (1)
trang thai cua he thong, 0, (t)=
hiéu diéu khién.

3. Thiét ké bd diéu khién

3.1. Diéu khién trwot

X ( t] la vector
u(t) la tin

Trong phan nay, nghién ciru sé& thiét ké
bo diéu khién trugt (SMC) cho hé thong
bon kép dua vao luat tiép can ham mi
(Exponential Reaching Law: ERL).

Sai s6 bam cua bd SMC duogc dinh
nghia nhu (9):

e=H,, ~H, ©)

Trong d6, H,, 1a mitc chat long mong
muon va H, 1a mirc chat long thuc té ctia
hé¢ thong bon kép.

Pao ham bac mdt va hai cua (9), ta co
(10) va (11):

é= H H (10)

é=H,,-H, (11)
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Mat truot s dugce dinh nghia nhu (12)
[12]:

s =e+ce

(12)
Thé (7) vao dao ham cta mit truot, ta
c6 (13): B .
s=é+ce=H,,—H,+cé

_f_ KIKZ

00

(13)

=H,, u+ce

V6i luét tiép can ham mi, ta co (14)
[12]:

§ =—nsign(s)—xs (14)

)
KIKZ
= s(—nsign(s) -

3.2. Diéu khién trwot cuon chiéu

Trong phan nay, nghlen ctru s& thiét
ké bo diéu khién truot cudn chiéu (BSMC)
cho hé thong bodn kép dua vao luat tlep can
ham mii. Cac bude co ban cta bo diéu khién
BSMC c6 thé duoc thiét ké nhu sau [12]:

» Buodc 1

Sai s6 bam cta bd BSMC duoc dinh

nghia nhu (18):
e=H,-H,, (18)
Dao ham cua (18), ta duoc (19):
élez_sz _xz_sz (19)
Ham Lyapunov dugc dinh nghia nhu
(20): 1,
= S (20)
Pao ham cua (20), ta dugc (21):
Vi=eg :el(xz_sz) (21)

(/-

K'S) =-7 |s| — ks’
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Vé6i 7>0,x>0

Luat diéu khién truot dua vao luat tiép
can ham mii (SMC-ERL) cho hé thong nhu
(15):

Usve grr =~ KK (f cée— USlg”( ) KS_sz)(ls)
Ham Lyapunov dugc dinh nghia nhu
(16): 1, 16
=—s
2

Pao ham cua ham Lyapunov, ta duogc

(17):

cé—nsign(s)—lcs—H'Zd)}+cé} (17)
<0

Dé V<0, ta chon X, =s, —ce +H,,

nghia la:
s, =x,+ce~H,,=ce +¢é, c,>0(22)

Trong d6, S, 1a mit trugt cua bo
BSMC. Vi thé, ta co (23):

Vi=es, —cel (23)

Néu S, = 0, thi ¥, <0. Do d6, Budc 2
s€ duoc thuc hién.
» Buoc 2
Ham Lyapunov dugc dinh nghia nhu
(24): 1
V=Vt s (24)

vis, =x,+cé—H

:f_|_K1K2

TITZ
nén (24) tr¢ thanh (25):

bs 2d

u+ce —H,,
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1—Kzu"'clél _sz +elj (25)

0Ln

bé V2 <0, bo diéu khién BSMC dya vao luat tiép can ham mii duogc thiét ké nhu (26)

K K X
f+—=u+cé-H,, +e =—c,s, — psign (Sbs ) — PSs (26)
0,
Hay T . . .
Upsvic—err = Kllé (_f —ce+H,, —e —c,s, —usign (Sbs)_psbs) (27)

Trong do, ¢, >0, u >0, S >0. Thanh
phan - -C,$ duoc chon dé dam bao cung cap
su giam dan can thiét cho hé thong véi c,
nhu 14 thong s6 thiét ké. Lic nay, ta co:

I/Z :_Clel _CZSbs _/’I|Sbs|_psbs S 0(28)

Vithé, e >0 va é — 0 khi t > 0.
4. Két qua mod phéng va danh gia

So @6 mé phong bo diéu khién dé xuat
trong MATLAB/Simulink hé thong bon
kép dugc trinh bay nhu Hinh 2.

Truot/Truot_Cuon_chieu

2 LA
s+1 - l

He_Bon_kep

=
T (T
:‘{TLU

Pump Model

h2d

Hinh 2. So d6 mé phdng bé diéu khién dé xudt trong MATLAB/Simulink

Céc thong s cua hé thong bon kép st
dung m6 phong nhu sau: 4 =4,=32(cn?’),
=a,=14.3(cm??/s),0,=20(cm*?/s),
T=1(s), Q. =300(cm’/s),t =7.445,1,=6.2,
K =0. 23267 K.=0.1939, K =0. 6453 va
=0.5378. Cac thong sb cua bo didu
khlen SMC la: ¢=0.2,7=0.2, K=10va
¢,=02,¢,=25 =02 £=10la cic
thong s6 ctia bo didu khién BSMC.

Pép tng va sai sd ctua hé thong bdn
kep v6i bo diéu khién SMC va BSMC khi
chiéu cao mirc chat long mong mudn (H,,)
trong bodn 2 1a 9(cm) duoc trinh bay nhu
Hinh 3 va Hinh 4. Mtc chét 1ong thuc té
(H,) cua bo diéu khién SMC va BSMC déu
hoi tu ve H,, trong thO’l gian hiru han voi
sai s6 xac lap tién vé 0 va khong co vot 16.
Tuy nhién, thoi gian tdng va thoi gian xac
1ap cua bo diéu khién BSMC 16n hon b
diéu khién SMC. Cac chi tiéu chit luong
nay duogc trinh bay trong Bang 1 va dugc

TRUGONG BAI HOC SU PHAM KY THUAT VINH LONG

so sanh v6i bo diéu khién PID [1] ap dung
cho hé thong nay (c6 cung thong s6 voi hé
thong nghién ciru). Két qua & Bang 1 cho
thay hi€u qua cua bo diéu khién SMC va
BSMC so véi bo diéu khién PID [1]. Diéu
nay ching t6 su phit hop cua bo diéu khién
SMC va BSMC trong tng dung diéu khién
bam mirc chét long hé théng bon kép.

o Pap ung cia by diéu khién SMC

Bién do(cm)
W

0 10 20 30 40 50

Sai s6 dap ung cia bd diéu khién SMC

Bien do(cm)

0 1‘0 2‘0 3‘0 46 50
Thoi gian(s)
Hinh 3. Ddp ting va sai sé ctiia hé théng bén kép voi
bé diéu khién SMC
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Pip ng cia b diéu khién BSMC

E
9
g 5
8 H
m =TT 2
0 | | | Hapsme
0 10 20 30 40 50
- Sai sé dap ng cia b diéu khién BSMC
“Bsmc
B
5
g st
8
m
0 L L L I 1
0 10 20 30 40 50

Thoi gian(s)
Hinh 4. Ddp tng va sai sé cia hé théng bén kép véi
bé diéu khién BSMC
Bang 1. Céc chi tiéu chat liwong ciia bé
diéeu khién SMC va BSMC

Ciac | Thoi | Thoi | P |Saisd
chi tiéu | gian gian | vot | xac
chat | tang | xaclap | 1o lap
lwgng | (s) () | (%) | (ecm)

SMC | 12.4 23.2 0 0
BSMC | 11.23 20 0 0
PID [1] | 3.72 249 28 0

Hinh 5 trinh bay tin hiéu diéu khién
cta bo dieu khien SMC (ug,.) va BSMC
(Uggye)- Tin hi€u di€u khién cua b ]?SMC
it dao dong hon so voi bo SMC. Picu nay
da ching minh rang hién tugng dao dong
tan sd cao (chattering) di duoc giam bat
sau khi két hop bo diéu khién trugt voi ki
thuat cudn chiéu. Téc do dong chay cua bo
diéu khién SMC va BSMC dugc trinh bay
nhu Hinh 6.

Piép tng ciia b didu khién SMC v6i ngd vao thay ddi

15
~ r==
oy | |
g rez !
5 5| ! ==
a k- ! - --Hy,
—H
2SMC
0 1 1 1 L L

0 20 40 60 80 100 120 140 160
Thoi gian(s)
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Tin hi¢u diéu khién b SMC

20
Ysmc

~15F
=
g 10
&
a ST

O L ~ L 1 1

0 10 20 30 40 50

- Tin hi¢u didu khién by BSMC

Upsmc
=
& st
&
2
0 L 1 N I L 1
0 10 20 30 40 50
Thoi gian(s)
Hinh 5. Tin hiéu diéu khién cta bé diéu khién SMC
va BSMC
400 Tdc d9 dong chay cia bd didu khién SMC
2 200t A
c
g o
B 200 A
m
-400 : : ' Qsme
0 10 20 30 40 50
o Téc dp dong chay cia bd didu khién BSMC
<2200+ ™
z o}
&
2 200 - 5 E
-400 L ' \ BSMC
0 10 20 30 40 50
Thoi gian(s)
Hinh 6. Téc d6 dong chdy ctia bé diéu khién SMC
va BSMC

Pap ung cta hé thong bon kép voi bd
diéu khién SMC va BSMC khi ngd vao
thay d6i duoc thé hién trén Hinh 7. Quan
sat dap ung ¢ Hinh 7 ta thiy ring murc chét
long thyc té cua hé thdng van hoi tu vé muc
chat 16ng mong mudn trong thoi gian hitu
han vi sai s6 xac 1ap tién vé 0 va khong c6
do vot 16.

Dap trng cia b di¢u khién BSMC véi ngd vao thay doi

15
—~ r=
5oy 4 !
< - - 1
hS]
g sl i Sk
2 °F- . - - -Hy

H’7

2BSMC
0 L 1 L

0 20 40 60 80 100 120 140 160
Thoi gian(s)

Hinh 7. Bdp ting cua hé théng bén kép vai bé diéu khién SMC va BSMC khi ngé vao thay déi

Pap ng cua hé théng bon kép bo
diéu khién SMC va BSMC khi nhiéu trang

tac dong vao ngd ra cua hé thong (gia st
nhicu cdm bién véi cong suat 0.1(w)) véi
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ngd vao mong mudn H,, = 9(cm) va H,,
thay d6i duoc trinh bay nhu Hinh 8 Va
Hinh 9. Mtrc chit 1ong thuc té cua bon 2
van hoi tu vé mirc chat long mong mudn
trong thoi gian hitu han. Piéu nay khang
dinh tinh bén viing ctua phuwong phap diéu
khién d& xut.

Pap tng ciia b diéu khién SMC véi H, =9(cm) khi ¢6 nhiéu

(=

Bién do(cm)
wn

== -sz

HZSMC

0 10 20 30 40 50

Pap Gng ciia b diéu khién BSMC véi H, =9(cm) khi ¢6 nhiéu

Bién dj(cm)
wn

0 10 20 30 40 50
Thoi gian(s)

Hinh 8. Ddp ting ctia hé théng bén kép véi bé diéu
khién SMC va BSMC khi c6 nhiéu

lSDép @ng ciia by didu khién SMC véi ngd vio thay ddi khi c6 nhiéu

5
;

Bién do(cm)
W
1
1
1
oo

0

0 20 40 60 80 100 120 140 160

1}S)sip ang ciia by diéu khién BSMC véi ngd vao thay dbi khi c6 nhiéu

S
-

v
T

Bién do(cm)

== 'H2d

Hopsmc I

0 20 40 60 80 100 120 140 160
Thoi gian(s)

<

Hinh 9. Bdp ting ciia hé théng bén kép bé diéu khién
SMC va BSMC véi ngé vao thay déi khi cé nhiéu
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Cac két qua mo phong bd diéu khién
SMC va BSMC thé hién tir Hinh 3 dén
Hinh 9 di cho thay su phu hop, tinh hi¢u
quéa va bén vimg cua bo diéu khién dé xuét
khi 4p dung diéu khién bam mirc chat long
hé théng bon kép.

5. Két ludn

Bai bao da thiét ké bo diéu khién SMC
va BSMC dé diéu khién muc chat long
thue té trong bon 2 cta hé théng bon kép
hoi tu vé muc chat long mong mudn trong
thot gian hiru han. Bap ung thuc té cia hé
thong v6i bo didu khién dé xuat khi chiéu
cao mirc chat long mong muon H,,=9(cm)
va H 4 thay ddi déu hoi tu vé gia tr1 mong
mubn trong thoi gian hiru han véi sai s6 xac
1ap tién vé 0 va khong co vot 16. Chét luong
ctia bo diéu khién dé xuit hiéu qua hon so
v6i bo diéu khién PID truyén thong ap
dung cho cting hé thong (c6 cung thong s6
v6i hé thdng nghién ctru). Cac két qua mod
phong dat dugc véi MATLAB/Simulink da
chung to su phi hop, tinh hiéu qua va bén
vitng cta bo diéu khién SMC va BSMC
trong ing dung diéu khién bam muc chat
long h¢ thong bon kép. Trong thoi gian i,
nhoém nghién ctru s& tién hanh ap dung céac
phuong phap diéu khién lai hodc diéu khién
thong minh cho hé thong dé cai thién, ning
cao chat luong diéu khién va thuc nghiém
trén mo hinh thuc té.
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