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‘ - APDUNG GIAI THUAT MO
PIEU KHIEN HE PHI TUYEN-HE BON QUADRUPLE

Nguyén Hoang Diing*
ABSTRACT

PI (Proportional Integral) controller is able to control a linear plant with good quality
performance (fast transitional response and zero equal setting error). Therefore the
controller has commonly used in industrial processes. PI controller is suitable for linear
plants. With nonlinear plants, the classical controller can not insure the control quality at
all equal state points. As a result, the paper presents method of using fuzzy PI controller
for MIMO (Multi-input multi-output) nonlinear system and applying the way for
controlling quadruple tank system. Fuzzy PI controller is built by using Madani fuzzy
model and classical Pl controller. The practical results were tested with simulink of
Matlab. Basing on the result, fuzzy Pl indefectibly controls the nonlinear system.

Keyword: fuzzy logic, fuzzy control, nonlinear system control, system modeling, PI, PD,
PID, quadruple tank

Title: A method of applying fuzzy algorithm for controlling nonlinear system-quadruple
tank model

TOM TAT

B¢ diéu khién PI c6 kha nang diéu khlen hé thong voi chi tiéu chat lwong tot (dap ung
qud do nhanh va triét tieu dwoc sai s6 xdc ldp). Do dé bé diéu khién nay dwoc siv dung rat
phé bién trong cdc qua trinh cong nghi¢p. Bo diéu khién PI thwong dap dung 16t doi voi
nhitng doi tiwong tuyén tinh. Déi véi cdc doi twong la phi tuyen b diéu khién kinh dién
nay khong thé dam bdo dwoc chat lrong dzeu khién tai moi diém lam viéc. Do dé, bai bdo
de cap dén giai phap Pl mo cho hé phi tuyén MIMO va dp dung phuong phap nay dé diéu
khién hé bon quadruple. Sir dung mo hinh mo Mamdani két hop véi bé diéu khién PI kinh
dién dé tao ra bé dieu khién mo PIL Két qua thi nghiém dwge kiém chirng bang phan mém
mé phong Matlab. Thuc nghiém cho thdy bé diéu khién PI mo c6 thé diéu khién tot doi
twong phi tuyén hé MIMO.

Tir khod: logic mo, diéu khién mo, diéu khién hé phi tuyén, mé hinh héa hé thong, PI,

PD, PID, quadruple tank

1 GIOI THIEU

Hé bon chira lién két (quadruple tank) duoc mé ta trong Hinh 1. Muc dich 1a diéu
khién muc chat 16ng trong bon 1 (hs) va bdn 2 (hz) theo gia trj dit truée. Bang cach
ap dién thé vao 2 bom (B1 va By) dé diéu khién luu luong chat long trong hai bon
noi trén. Mirc dién thé nay chinh 1a hai tin hiéu ngd vao diéu khién bom (mirc dién
thé v1 va v2) va hai ngd ra 1a muc chat long trong bon 1 va bon 2. May bom 1 (B1)
s& bom chit 16ng 1én bon 1 va bdn 4, may bom 2 s& bom 1én bon 2 va bon 3. Céc
bom phai dugc diéu chinh dé tranh truong hop cac bon bi tran. Tém lai, hé bon
chura lién két 1a hé MIMO véi nhitng rang budc diéu khién biét trude.

L B6 Mon Vién Thong va K§ Thuat Diéu Khién, Khoa Cong Nghé Thong Tin va Truyén Thong, Dai Hoc
Cén Tho
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(Arjin Numsomran et al., 2000) va (Karl Henrik Johansson et al., 2000) da diéu
khién hé bdn bang cach sir dung b diéu khién PI. Va (J. Felder et aI , 2006) dua ra
phuong phap LQR (Linear Quadratic Regulator) dé giai quyet bai toan nay. Dbi
vé6i cac dbi tuong 1a hé da bién phi tuyen cac bo diéu khién cb dién khong dap Gmg
dugc chi tiéu chat lugng. Do d6 (Nguyén Thuc Loan et al., 2002) da dung mé hinh
md Mamdani két hop véi didu khién dy bao dwa vao md hinh MPC (Model
Predictive Control) dé diéu khién hé phi tuyén. Bai bao nay ap dung mé hinh mo
Mamdani (dung phuong phap suy dién Max-Min va giai mo trong tdm) két hop
v6i bo diéu khién PI ¢6 dién dé tao ra bo diéu khién PI mo.
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Hinh 1: Hé bon lién théng Quadruple
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2 PAC TINH PONG HQC CUA HE BON QUADRUPLE

(Huynh Thai Hoang, 2006), (Effendi Rusli et al., 2002), (J. Felder et al., 2006),
(Arjin Numsomran et al., 2000), va (Amit Pandey, 2004) da dua ra phuong trinh
dong hoc cua h¢ bon quadruple. Va phuong trinh dong hoc cua hé bon duge bicu
dién duodi dang phuong trinh trang thai:
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Trong do:
Ai: Tiét dién ngang ctia bon tht i
A :W(—Lmax—Lmln h, +Lmin} véii=14 (2)

h max
ai: Tiét dién ngang ctia van xa ctia bon thir i
hi: Chiéu cao ctia myc chét 16ng & bon thir i
Pién thé ap vao bom 1a vi tuong Gmg voi dong chay chat 16ng vao bon thir i 1a kivi.
Gia tri au, a2€[0,1] 1a ty 1¢ phan luu Iuwgng cua tirng may bom. Gia tri nay phu
thudc nhiéu vao dac tinh dong hoc cua may bom. Do d6 sé duoc chon va thir sai
trong khi thuc hién mo hinh. Luu lugng dén bon 1 1a aizkivi va luu lugng chay vao
bon 4 1a (1-o1)kvi. Tuong tu nhu thé @61 vai bon 2 va bon 3 lan lugt c6 Iuu luong
1a cokova va (1-a2)kava.
Céc thong so vat 1y ctia hé bon lién két duoc liét ké trong Bang 1.

Bang 1: Cac thong sb sir dung cho md hinh hé bon quadruple

Ky hiéu Y nghia Giatri Ponvi
W Chiéu rong, tiét dién ngang cua bon 9 cm
Lmax Chiéu dai 16n nhit cua tiét dién ngang 18 cm
Lmin Chiéu dai nho nhét cua tiét dién ngang 9 cm
hmax Chiéu cao cuc dai cua bon chira 40 cm
K1, K2 Luu lugng bom cyc dai ciia bom 1, 2 150 cmd/s
a1 Tiét dién van xa bon 1 0,5 cm

a2 Tiét dién van xa bon 2 0,4 cm
as Tiét dién van xa bon 3 0,7 cm

& Tiét dién van xa bon 4 0,8 cm
C1,C2,C3,C4 Lan luot 1a h¢ s6 xa cliabon 1,2, 3, 4 0,8 viem
al Ty 1€ phan Ivu luong bom 1 0,8 cm?
a2 Ty 1€ phan luu lugng bom 2 0,7 cm?
g Gia tdc trong trudng 981 cm/s?

Diém can bang cua hé bon lién thong dugc xac dinh dwa vao phuong trinh
h =f(h)=0

Suy ra di€ém can bang:

Vi 0,6873
. Vo _| 06574
* |h 40

h, 40

Khi tin hiéu nic vao voi bién do v1=0,6873 va v2=0,6574, myc chit long ¢ bon 1
va 2 dat cuc dai (xem Hinh 2). Vie[0,1] l1a mirc dién ap dac trung dé mo phong.
Tuy nhién trong thuc té mirc dién 4p nay thay doi tiy theo dic tinh cua ting may
bom.
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Control signal of pump 1
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Hinh 2: Pap ng nic muc chit 16ng  bon 1 va 2

Khi cho tin hiéu nac vao véi bién do v1=0,6873 va tit bom 2 v2=0, muyc chét 1ong
& 2 bon giam xudng. Muc chat 16ng ¢ bon 2 khac khong 14 do bom 1 dua chit long
vao bon 4 va d6 vé bon 2. Do d6 murc chét 16ng trong bdn 2 rat it. Bon 1 nudc it
hon so v6i tri cuc dai 1a do bom 2 khéng dan chat 16ong dén bon 3 dé xa vao bon 1
ma chi ¢ luong chat 1ong dugc bom tryuc tiép tir bom 1 (xem Hinh 3).

3 THIET KE BQ PIEU KHIEN PI MO
Hé bon lién két 1a hé MIMO hai ngd vao va hai ngd ra. Ap dung phuong phap diéu
khién tach roi cta (Huynh Thai Hoang, 2006) va (Effendi Rusli et al., 2002) (st
dung hai bo diéu khién SISO (Single- Input Slngle output)) dé kiém soat muc chét
16ng ¢ bdn 1 va bon 2. Mdi bd diéu khién s& kiém soat mot bon. So dd simulink
mo phong diéu khién hé thong nhu Hinh 4.
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Hinh 3: Pap wng nic muc chit 16ng é bon 1 va 2
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Hinh 4: So' @ mo phong h¢ bén Quadruple ding bj diéu khién PI mo
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Bo diéu khién mo c6 hai ngd vao 1 sai s6 (E<€[0,1]) va vi phan sai s6 (DE<[0,1]),
tin hi¢u ra la vi phén dién ép dicu khién (DU€[0,1]). Céc tin hi¢u vao ra dugc
chuan hoa vé gia tri thudéc [0,1]. Vi muc chat long cuc dai tai cac bon la
0<hi<40cm (i = 1,_4) nén hé s chuin héa k, = % , chon hé s6 k, =1 (h¢ s6 nay phu
thudc vao tinh chat dong hoc cua hé théng). Hé s6 k, =0,6 dugc chon trong qua
trinh tinh chinh chit luong cua hé thdng diéu khién.

Vi hé bdn lién két co tinh chat phi tuyén cao nén ta chon s6 tip mo ctia bién vao 1a
5 va sO tdp mo cua bién ra la 7 (xem Hinh 5).

NEZE PS PE NE Ng ZE Pg PB
05 010 01 0.5 1 1 05 0 05 1
Ngd vao E Ngd vao DE

NE I Na ZE P PM B

-1 =07 -0.3 o 0.3 07 1
Ng6 ra DU
Hinh 5: Tdp mo vao ra

Hé qui tat diéu khién va cac tap mo duoc thiét ké dya trén kinh nghiém va bang
phuong phép thtr sai (xem Bang 2).

Bang 2: Bang luit diéu khién h¢ bon Quadruple

E
NB NS ZE PS PB
NB NB NB NM NS ZE
DE NS NB NM NS ZE PS
ZE NM NS ZE PS PM
PS NS ZE PS PM PB
PB ZE PS PM PB PB

Hinh 7 1a két qua diéu khién hé bon lién két dung thuat toan PI mo. T vi tri ban
dau h1=0 va h2=0, muc chat long bam theo gia tri dat rat tot, dap ung khong c6 do
vot 16. Hinh 6 1a két qua diéu khién h¢ bon lién két dung thuat toan PI ¢ dién. Tir
két qua cho thay, dap mg c6 thoi gian qua do rat nhanh. Tuy nhién khong khir
dugc d6 vot 16 va sai so gitra tin hiéu dit va dap ung cua ddi tuong 1a kha 16n.
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Liquid level response of tank 1 basing on setpoint
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Hinh 6: Pap wng muec chét 16ng & bon 1 va 2 dung b diéu khién PI kinh dién

Liquid level of hl [cm]

Liquid level of h2 [cm]

Liquid level response of tank 1 basing on setpoint
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Hinh 7: Pap ing muec chit 16ng & bdn 1 va bon 2 ding bd diéu khién PI mo
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4 KET LUAN

Bang cach st dyng mé hinh mo Mamdani (phwong phap suy dién MAX-MIN va
giai mo trong tam) két hop voi bo diéu khién PI ¢ dién di tao ra dugc bd diéu
khién PI m& cho hé phi tuyén. B6 diéu khién md PI cho dép tng cua dbi twong
bam theo tin hiéu dat mong mudn, co sai sd xac 1ap bang zero. Trong khi ding bd
diéu khién PI kinh dién s& cho dap tng c6 thdi gian qua d6 nhanh, nhung c6 do vot
16 va dap tmg cua ddi twong khong bam tét theo tin hiéu dat mong mudn. Bén canh
nhimg keét qua dat dugc, bd diu khién PI mo ¢6 thoi gian qua do 16n. Tuy nhién,
diéu nay cung phu hop vai thyc té boi vi sau mot khoang thoi gian thi chét long
trong cac bdn méi dugce bom dén vi tri dinh trudce, chir khong thé ra 1énh bom 1a co
thé dat duoc tri mong mudn ngay.
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