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TOM TAT

Trong bai bao nay, bd diéu khién trugt (SMC) va k¥ thuét t6i vu toan phuong tuyén
tinh (LQR) dugc thiét ké va mo phong cho hé théng ba bon khong tuong tac. Hé thong
nay rt quan trong trong didu khién qua trinh hién dai vi né c¢6 kha ning cai thién chét
luong san pham va nang cao loi ich kinh té. Bo diéu khién dé xuit duoc thiét ké dé dam
bao mirc chét 16ng thuc té bam theo murc chat 1ong mong mudn trong thoi gian hitu han.
Tinh 6n dinh cia hé théng diéu khién dugc chimg minh. Cac két qua mo phong cua
phuong phap dé xuat trong MATLAB/Simulink dugc so sanh véi b didu khién logic mo
va PID mo. Két qua so sanh cho thay chat luong diéu khién cua bo diéu khién SMC va
LQR t6t hon so véi bo diéu khién logic md va PID md véi thoi gian tang dat 1,5156s, 6
vot 16 12 0%, loai bo sai sb xac 1ap, thoi gian xé4c 1ap 14 2,6473s dbi voi bo didu khién SMC
va tuong ung 1a 1,2570s, 8,0425%, Ocm, 3,6373s ddi v6i b dicu khién LQR.

Tir khoa: Didu khién truot, t6i uu toan phuong tuyén tinh, hé théng ba bon khong
tuong tac, MATLAB/Simulink

ABSTRACT

In this paper, a sliding mode controller (SMC) and linear quadratic regulator (LOR)
optimal techniques are designed and simulated for a three tank non-interacting system
(TTNS). This system is important in modern process control because it has the ability to
improve product quality and enhance economic benefits. The proposed controllers are
designed to ensure that the actual liquid level follows the desired liquid level in a finite
time. The stability of the control system is proven. The simulation results of the proposed
methods in MATLAB/Simulink are compared with fuzzy logic and fuzzy PID controller.
The comparison results show that the control quality of the SMC and LOR controller is
better than fuzzy logic and fuzzy PID controller with the rising time achieves 1.5156s, the
overshoot is 0%, the steady-state error converges to zero, the settling time is 2.6473s for
the SMC controller and 1.2570s, 8.0425%, Ocm, 3.6373s for LOR techniques, spectively.

Keywords: Sliding mode control, LOR, three tank non-interacting system, MATLAB/
Simulink

1. GIOIL THIEU vu chinh nhu dau mé va nha may loc déu,
Trong diéu khién qua trinh coéng loc dau thé va cot chung cit, qua trinh san
nghiép, diéu khién mirc chét 1ong 1a nhiém  xuét gidy va bot gidy [1], [2]. Cac qua trinh
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nay yéu cau chit long dugc chuyén hodc
bom chuyén sang bdn khac. Nhiéu lan
chat 1ong s& duoc xtr 1y bang cach pha tron
trong bon chira nhung mtrc chét long trong
bdn ludn phai dugc kiém soat va dong chay
giita cac bon phai dugc diéu chinh [3]. Co
nhiéu cach két ndi cac bon khac nhau nhu
tuong tac va khong tuong tac. Trong bai
viét nay, qua trinh ba bon dugc xem xét véi
két ndi khong tuong tac.

Mot s6 bo diéu khién da thiét ké va
trién khai diéu khién mic chit 1ong cho hé
thong ba bon khong tuong tac, ching han
nhu Skogestad diéu chinh bd diéu khién PI,
phuong phap Cohen Coon va phuong phap
didu khién mo hinh ndi dwoc phat trién
trong [1]. Bo diéu khién mo va mang no-ron
nhén tao dua vao diéu khién mirc chit long
v6i nhiéu dugc thiét ké trong [2]. Trong [3]
da dé xuét bo diéu khién PID véi Ziegler,
Nichols, luat AMIGO, logic m¢ va bo diéu
khién PID mo. Hiéu suét cta bo diéu khién
PID duoc danh gia boi trong [4]. Mot giai
phap diéu khién thich nghi da duogc trinh
bay trong [5]. Phuong phap tuyén tinh héa
mo rong str dung bo diéu khién PID ty thich
nghi dugc minh hoa boi [6]. Piéu khién
trugt dua vao b quan sat K [7]. Muc tiéu
ctia nghién ctru nay 1a 6n dinh vi tri mic
chit long trong bon 3 ctia hé thong sir dung
b diéu khién truot va ky thuat LQR.

B4o nay duoc bd cuc gdm 4 phan nhu
sau: Gidi thi€u duoc trinh bay & Phén 1;
Phan 2 trinh bay md hinh toan hoc cua
TTNS; phuong phép thiét ké va danh gia
bd didu khién truot va ky thuat LQR cho
TTNS duoc md ta trong Phan 3 va Phan 4
1a két luan.

2. MO HINH TOAN HQC CUA HE
THONG

TTNS duogc trinh bay trong Hinh 1 [1]
v6i O, 1a luu lugng chét 16ng vao bon 1, O,
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1a luu lugng chét 1ong ra bon 1 va 1a luu
luong chit 1ong vao bon 2; O, laluu lugng
chat 16ng ra bon 2 va 1a luu lugng chat long
vao bon 3; Q, la luu lugng chét long ra
bon 3; R,R,, R, 1a luc can dong chay cta
bon 1,2 va3; 4,4, A4, ladién tich bon 1,
2 va3; H,H, H, lan luot 1 chiéu cao
chat 1ong & bon 1, 2 va 3. Hé thong duoc
goi 1a két ndi khong tuong tac vi cac bon
khong lién quan dén nhau. Mot bon khong
anh huong dén hoat dong ctia bon khac. Tir
Hinh 1, chét long dugc bom vao bon 1. Téc
d6 dong chét 1ong tir bon 1 khong twong tac
vGi bon 2 va ngd ra ctia bon 2 ¢ lién quan
dén ngd vao ciia bon 3.

Hinh 1. Hé théng ba bén khéng tuong tdc [1]
Ham truyén ciia TTNS nhu [1]:

H3 (S) — R3 (1)
O,(s) (zs+1)(z,s+1)(zys+1)
trong do, 1, =4R, 71,=4R,

7, = A,R, 1an luot 14 hing s6 thoi gian cua
bon 1,2 va 3.

Cac bién trang thai dugc dinh nghia
nhu (2), (3) va (4):

x1:H3 (2)
xzlesz (3)
x3:)'c2:ﬁ3 4)

Khong gian trang thai cua TTNS nhu
(3):
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0 1 0 ]
X, X, 0
Ll=l 0 0 1 |x |+ 0|0
X, 1 T, T, X3 & (5)
— 7
L L L T S
X
H,=[1 0 0] x,
X3

trong do, x=[x x, x| 1a vector
trang thai ctia hé thong, Q. 1a tin hi¢u vao
va H, 1a mue chit long thuc té, T, = 7,7,75,
T,=vr,+r0,+0,0,, [, =17,+7, +7;.

Muc tiéu diéu khién 1a x, — x,,, khi
t—> 00,

3. THIET KE BQ PIEU KHIEN
TRUQT VA LQR

3.1. Thiét ké bé diéu khién trwot
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Mit truot dugc dinh nghia nhu :

s(1)=ce(t)+c,e(r)+é(¢)

trong do, c,,c, >0
Lay dao ham cua (10), ta dugc (11):
$(t)=ce(t)+c,é(n)+é(r) (1)
Thé (9) vao (11), ta duoc (12):
§(1)=ce(t)+cé(1)+(H,, (1)~ (1)) (12)
Thé (5) vao (12), ta duge (13):

$(t)=ce(t)+c,é(t)+H,,(1)

(10)

w+lx1+£x2+£x3—&u (13)
LT LT

Véi luat tiép can tbc d6 hang [8] nhu

(14):
s(t)=—nsign(s) — (14)

Luat diéu khién truot dugc thiét ké nhu
(15):

Gia sir muc chat long mong mudn ciia  Ugye =—| c.é(1)+c,é(¢)+ H,, (1)
hé thdéng 14 H3d( ) H3( ) la muc chat 3
long thuc té ciia bon 3. Sai s6 bam duoc +ix +£x +£x +si n(s) 15
dinh nghia nhu (6): ot 518 (13)
e(t)=H,,(1)-H,(1) (6) Dinh nghia ham Lyapunov nhu (16):
‘ Lay dao ham cua (6), ta duoc (7), (8) - lsz (16)
va (9): 2
e(t)=H,, (t)-H,(1) (7 LAy dao ham cta (16), ta duoc (17):
é(t)=H,,(1)-H,(?) (8) V=s§ (17)
E(t)=H,,(t)-H,(1) (9) Thé (15) vao (17), ta duoc (18):
T T, R
v =s| (i) e (>+H3d<z>+—1x1+;jx2+7jx3—7;uj
e6(1)+ e,8 (1) + iy, (1) 42 x +2ox, + 2 x,
7{ 1 1
= 2 - (18)
_713%13{016.(1)+02é(1)+ﬁ3d (t)+%x1 +—jx2 +%x3 +nsign(s)}
=—snsign(s)=-nls|<0
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Do d6, e(t) — 0 khi # —> oo

Luat diéu khién (15) dam bao vi tri
muc chat long thuc té cua bdn 3 hoi tu vé
murc chit 16ng mong mudn trong thoi gian
hiru han véi sai sé xéac lap tién vé 0. Tuy
nhién, voi luat diéu khién (15) van con xudt

T . .
Usric s = RTI cle(t) + cze(t) +H,, (t) +

3

Luat diéu khién (19) dam bao vi tri
muc chat long thuc té cia bon 3 hoi tu veé
muc chat 16ng mong muodn trong thoi gian
hitu han véi sai s6 xac lap tién vé 0 va khéc
phuc dugc hién tuong dao dong vai tan sb
cao quanh mat truot.

3.2. Diéu khién dwa vao kj thudt LOR

Theo ly thuyét diéu khién LQR , khi hé
théng ¢ diém lam viéc tinh thi tin hiéu diéu
khién c6 gia tri nhu (20) s& 6n dinh duoc hé
théng khi hé & 1an can diém lam viéc tinh
[9], [10], [11]:

u(t)=r(t)-Kx()

trong d6, K 1a ma tran diéu khién,
x(?) 1a ma trén bien trang thai.

(20)

Gia tri ciia ma tran K can duoc toi uu,
tuc 1a gid tri tim dugc phai thda man gia tri
- tiéu chi danh gia chat luong cua hé thong
dat gia tri nho nhat. Chi tiéu chét lugng nhu
[21], [9], [10]:

J=j(xTQx+uTRu)dt 1)

trong d6, @ 1a ma trin trong s dbi

xing xac dinh duong, R 14 trong sb cong
suat.

Ma tran K duogc xac dinh boi phuong
trinh dai sé Riccati nhu (22):

K=R'B'P (22)

Trong do, P la nghiém cua phuong
trinh dai s Riccati dugc tim bang cach giai
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hién hién tugng dao dong voi tan sb cao
quanh mit trugt (con goi 1a chattering). Dé
khic phuc nhugc diém nay, nghién ctu dé
xuét sir dung ham tangent hyperbolic (tanh)
thay cho ham signum trong (15). Luc nay,
luat diéu khién tr thanh (19):

1 T, T, s
—Xx, +—=x, +—=x, +ntanh| — ||, €>0(19
T T T n (EJ} (19)

1 1 1

phuong trinh Riccati (23):
A"P+PA-PBR'B'P+0=0 (23)
Dé thiét ké luat didu khién LQR ap

dung cho hé thdng 3 bon khong tuwong tac,

cac ma tran @ va R dugc chon nhu (24)
va (25):

0,15 0 0
o=l 0 015 0 (24)

0 0 015
va R=1 (25)

Nghién ctru chon nhiing gi4 tri nay dé
tim dugc gia tri ma trdan K nho thich hop
dan dén muc nang luong tiéu thy thap.

Luc nay, phuong trinh (23) dugc giai
dé tim cac gia tri cia P nhu (26):

0 0,0001 0,0016
P=10"x| 0,0001 0,0058 0,1098 |(26)
0,0016 0,1098 2,1379

vathay B tur (5), (25) va (26) vao (22),
ta dugc K nhu (27):

K =[0,0063 0,4237 8,2483] (27)

Khi luat diéu khién duogc ap dung,
nghién ctru tién hanh khao sat tinh on dinh
ctia hé théng vong kin. Céc tri riéng ciia
A—-BK1a-0,0128,-0,0159 va -0,0228. Do
do, hé théng on dinh voi cac gia tri cia ma
tran K vira tim duoc.
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3.3. Két qud va théo ludn

So @6 mé phong bo diéu khién truot va
LQR trong MATLAB/Simulink duoc trinh
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bay nhu, cac sb lidu cua hé théng TTNS
dugc su dung trong mo phdng nhu Bang 1
sau [1]:

Th,._
e

N[

ut

SMC_ctrl —¢

A 4

> CcT

A\ 4
oo™

I—P He_3_Bon

LQR_ctrl

-

Hinh 2. So d6 mé phéng bé diéu khién truot va LQR trong MATLAB/Simulink

Bang 1. Cdc théng sé ciia hé thong
TTNS [1]

Ky Mo ta Gid tri | Don
hi¢u Vi
A, |Diéntich ciiabdn 1 | 95,033 | cm’
A, |Dién tich ciabdn 2 | 95,033 | cm’
A, |Dién tich ctia bon 3 | 95,033 | cm’

1, |Hang sb thoi gian| 44 s
cua bon 1

t, |Hing s thoi gian| 62 s

ctia bon 2
T, Hing s& thoi gian| 80 s
cua bon 3
R, |Stc can dong chay| 0,463
cua bon 1
R, |Suc can dong chay| 0,652
cua bon 2
R, |Strc can dong chay| 0,842

cua bon 3

Dap (g, sai s6 ctia bd diéu khién SMC
va LQR cho hé théng TTNS duoc trinh bay
nhu Hinh 3. Qua Hinh 3 ta thdy rang dap
mg muc chat 16ng thuc té cta hé théng da

12

hoi tu v& murc chat long tham chiéu 29c¢m
v6i thoi gian ting dat 1,5156s, do vot 16
12 0%, loai bo sai sb xéc 1ap, thoi gian xac
lap 1a 2,6473s d6i véi bo dicu khién SMC
va tuong ung 1a 1,2570s, 8,0425%, Ocm,
3,6373s ddi v6i bo diéu khién LQR. Cac
tiéu chi nay duogc trinh bay trong Bang 2
va duoc so sanh véi bo didu khién logic
mo va PID md [3]. Két qua trinh bay trong
Béng 2 cho thdy chét lugng diéu khién ciia
bo didu khién SMC tét hon so vi bo diéu
khién LQR, logic md va b diéu khién PID
mo [3].

Dap tmg vi tri H 3v5H 34 D0 SMC va LQR véi H 3 d=29(cm)
.
0L =
e == s cem =,
T 20 | 7
S =g
e /
= /
g 10 L g — 3sme
<
o /./
0 P I 3lqr
0 2 4 6 8 10
Sai s6 vi tri H 3va‘nli 3q POSMCVALQR véi H =29(cm)
3L Csme
R
‘\‘\\ e
RN SN ——=1q
) AN
g 10 \\\
& O
2 RN

Thoi gian(s)

Hinh 3. Ddp tng vi triva sai s6 ca bé diéu khién SMC
va LQR véi H3d = 29 (cm)
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Tin hi¢u diéu khién b SMC va LQR véi H sa= 29(cm)

600

500 | u

400

300

3/s)

200

Bién do(cm

100

-100

-200 | L L I

Thoi gian(s)

Hinh 4. Tin hiéu ngé vao diéu khién ciia bé6 SMC

va LQR
Bang 2. Cdc tiéu chi chat heong dat
duwoc cua SMC va LOR
Bé | B
Bb didu diéu | diéu
khifn SMC | LQR | khién | khién
logic | PID
mo [3] (mo [3]
Thoigian |} 515611 55700 25 | 19
tang (s)
DPo vot 16
) 0 |8,0425| 0 0
Sai sb xac
apemy | 0| Y| T
Thoigian |5 ¢/0a13 63731 37 | 29
xac 1ap (s)

Hinh 4 minh hoa ngd vao diéu khién va
n6 da cho thdy tin hiéu diéu khién voi bién
d6 thich hop trong tmg dung diéu khién
bam vi tri mtrc chat 1ong cho hé thong 3
bon khéng tuong tac va khic phuc duoc
hién tuong dao dong véi tan sd cao quanh
mat trugt. Pap ung vi tri ciia bd diéu khién
SMC va LQR voi ngd vao thay dbi nhu
Hinh 5. Mirc chat 16ng thyc té cua hé thong
van bam theo tin hi¢u tham chiéu trong thoi
gian hitu han véi sai s6 bam hoi tu vé 0.
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Dap ting vi tri H 3 vaH 34 bd SMC va LQR véi xung vudng
40

35 L — 4
r \
; i
30 | ! | ]
g I| .
1! - r
25 | i 1 : J
I i ! I/
~ i i
50 i 3 Iy i ]
<) L i
S [
o 15 i 4
i
10 "
; [
s {
(N A N [ AR N MO
0 ‘ ‘ . . . ‘ Star
0 5 10 15 20 25 30 35 40
Thoi gian(s)
Hinh 5. Ddp irng vi tri clia bé diéu khién SMC va LQR
véingé vao thay déi
DapimgvitriH  vaH b SMCva LQR véiH g =W
30 — = -
2 2 L g
§ . ‘g‘ 3sme
g 10 25 31qr
@ 'y H
0 il . ‘ . i
0 2 4 6 8 10
Dip éng vi tri H 3 vall 34 b8 SMC va LQR véi ngd vao xung vudng

40

20 |

Bién do(cm)

Thoi gian(s)

Hinh 6. Bdp ting vi tri cia bé diéu khién SMC va LQR
khi c6 nhiéu

Hinh 6 trinh bay dap tmg vi tri cua bd
diéu khién duogc dé xuit véi H,, = 29cm
va ngd vao xung vudng trong truong hop
nhiéu trng (gia st nhiéu cam bién voi cong
sudt 0,05w, thoi gian ldy mau 12 0,01s) tac
dong 1én ngd ra hé thong. Cac dap ung thuc
té ctia hé thong van hoi tu vé cac tin hiéu
tham chiéu trong thoi gian hiru han.

Céc két qua dat duoc di ching minh
tinh hiéu qua va bén vimg cua phuong
phap SMC va LQR trong viéc diéu khién
mirc chit 16ng cta hé théng TTNS, trong
dé k¥ thuat SMC to ra hiéu qua va phu
hop hon.
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4. KET LUAN

B1eu khlen truot (SMC) va LQR da
dugce thiét ké va ap dung dé dleu khién mirc
chat 16ng cho hé thong ba bon khong tu:ong
tac trong bai bao nay. Bo didu khlen de xuat
dam bao mirc chit long thue té bam theo
mirc chat long mong mudén trong thoi gian
hitu han. Mure chat 1ong thyc té cta hé thong
d3 hoi ty vé mic tham chiéu 29cm voi thoi
gian tang dat 1,5156s, d6 vot 16 1a 0%, loai
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d6i voi bo didu khién SMC va tuong u’ng la
1,2570s, 8,0425%, Ocm, 3,6373s dbi v4i bo
diéu khién LQR. Chat lugng diéu khién dat
dugc cua ky thuat SMC t6t hon so voi bd
diéu khién LQR, logic m¢ va PID mo, bién
d6 cia tin hiéu diéu khién phu hop va khac
phuc duogc hién tuong dao dong véi tan sb
cao quanh mat trugt. Mang no-ron nhén tao,
giai thuat di truyén va thuat toan t6i wu bay
dan s€ duogc nghlen ctru va trién khai trong

bo sai sO xac lap, thoi gian xac 1ap 14 2,6473s  thoi gian t6i cho ing dung nay.
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