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PIEU KHIEN DU BAO TUA MO HINI—I TREN CO' SO HE MO, UNG DUNG DPIEU
KHIEN LU PHAN UNG DAY CHUYEN LIEN TUC (CSTR)

Trén Quang Tudn®, Phan Xuin Minh®
(1) Bé Khoa hoc va Cong nghé; (2) Truong Pai hoc Bach khoa Ha Noi
(Bai nhdn ngay30 thang 09 nédm 2009, hoan chinh sita chita ngay 25 thang 01 ndm 2010)

TOM TAT: Hién nay, lii phan ung doy truyén lion tuc (Continuous Stirres Tank Reactor ~CSTR)
duoc g dung nhiéu trong trong nhiéu nganh cung nghiép khoc nhau, ds ci nhiéu phuong phop dé diéu
khién lii phan tmg déy truyén lion tuc. Bai bao trinh bay mgt phirong phdp thiét ké bé diéu khién dy bdo twa
mé hinh (MPC) trén co s mé hinh mo. Déi tuong diéu khién duwoc mé hinh héa bang mé hinh mo ( Takagr—
Sugeno - TS), bai toan t6i wu héa duwgc giai quyét bang gidi thudt di tr uyén. Viée sie dung mé hinh mo va
gidi thugt di truyén dé thuc thi bo diéu khién MPC da dat duoc chat heong tét hon cac bo MPC théng
thuong..

Tir khéa: Model Preditive Control (MPC), Takagi Sugeno Fuzzy Model, Genetic Algirithms (GA),
Multiple Inputs-Multiple Outtputs (MIMO).

1. PAT VAN DE _»  Sir dung m6 hinh déi twong dé du béo
dau ra ciia d6i tuong/qua trinh tai cac thoi diém

Diéu khién du bao twa mé hinh [1] 1a modt i 91 o LI S5 Y
tuong lai (goi la mién du béo tin hiéu ra - output

cong cu manh cho diéu khién cdc qué trinh cong

nghiép, dic biét 1a cac qua trinh phi tuyén nhidu horizon). i ‘ )
v&o - nhiéu ra. K& tir khi ra doi, cdch ddy khoang e Tinh todn chu6i tin hiéu diéu khién trén
hon hai thip ky, phwong phép ndy da phit trién co'so toi thiéu hoa ham muc tiéu.
dang ké trong linh vyc diéu khién ciing nhu e Sir dung sich lugc tAm xa (receding
trong cdc qud trinh céng nghiép. MPC la mot strategy), tirc la & mdi thoi diém chi tin higu diéu
giai phip tong quét nhat dé thiét ké b d:eu khién ddu tién trong chudi dugc dua vao sir dung.
khién & mién thoi gian cho céc déi tuong tuyén Gidi han du bao déu dich mot bude vé tuong lai
tinh hoéc phi tuyén, trong trudng hop tin hiéu sau moi 1an tinh.
dat biét trude. Tu twong cia MPC la:
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Hinh 1. Mién dur bao tin hiéu ra y(z) va tin hiéu diéu khién u(?)
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MPC thé hién cdc wu diém so voi cic
phuong phap diéu khién khéc, noi bat la:

» Cac k}léi niém df?u tryc quan, viéc thuc
thi bd diéu khién twong doi dé dang.

e Ap dung dugc cho da dang cic ddi
tugng cong nghiép coé dic tinh dong hoc don
gian hodc phire tap.

* Thich hop cho cic dbi tugng nhiéu vao
- nhiéu ra (d6i tuong MIMO).

e Co6 kha ning tu bu tré.

e Co kha ndng sir dung ludt didu khién
tuyen tinh cho déi twgng c6 sé lwrong du vao, ra
lém.

e Pat dugc hiéu qua cao néu quy dao dit
biét truéc (Gng dung trong diéu khién Robot
hoic diéu khién mé).

Tuy nhién, phuong phap nay ciling ¢6 nhitng
nhuoc diém sau:

e M5 hinh dy béo phai that chinh xdc dé c6
thé du bdo trang théi cia qué trinh trong mién du
bao. Trong thyc t& ddy 1a mot bai toan khong dé
dang.

e Viéc tinh toan tin hiéu diéu khién phai
thic hién truc tuyén (online). Piéu dé c6 nghia
14, phai giai bai todn t6i uru héa trong mot chu ky
trich miu ciia d6i twong. Khdi lugng tinh toan
16n doi hoi nang luc tinh cia thiét bi diéu khién
va giai thuat t6i wu phai thich hop.

Céic nghién ciru thiét ké bo diéu khién du
bao cho hé phi tuyén déu tap trung giai quyét hai
nhugc diém néu trén.

Bai bdo nay trinh bay g dung mo hinh mo
dé xdy dung mo hinh dy bdo va giai thuat di
truyén dé giai quyét van dé téi wu hoa trong
MPC.

2. PIEU KHIEN DU’ BAO TREN CO SO MO
HINHMO

2.1. Md hinh mo

Ly thuyét v& tap mo c6 thé duoc sir dung
trong viéc mé hinh héa hé théng. Viéc md hinh
hoa duge thuc hién bdi mét hé théng suy ludn
mo (FIS). Céac hé thdng suy ludgn mo 12 nhing
don vi xur ly dé& chuyén d6i nhitng thong tin bing
s6 sang céc bién ngdn ngit boi qua trinh mo héa.

Do 1a qua trinh chuyén dbi tir gia tri vét ly sang
gia tri mo biéu dién thong qua cic tap mo (fuzzy
sets). Hg luat suy dién duoc xay dung theo cau
tric néu... thi (if... then...) va dugc thuc hién
bang mét co ché. suy dién. Péu ra cia co ché suy
dién dugc bién ddi tiép thanh gia tri rd qua bd gidi
mo.

FIS 14 mdt cong cu xdp xi toan ning. B1éu
nay cho phép cic hé théng suy luan md cé the xap
xi bit cir mot ham lién tuc nao trong mot mién xéc
dinh véi d6 chinh xac cao. Tuy nhién, kha ning
X4p xi van ning clia cdc md hinh mo chua phai la
diéu déng ké. Quan trong 14 cdc md hinh md m&
ra mot khong gian méi cho phép théng tin co the
duoc lay ra tir md hinh. Khong glan do6 cung cép
nhimg md ta vé dép img cia cac hé théng duoc
mo hinh héa dudi dang ngdn ngir.

Trong hé théng diéu khién du béo thi md hinh
md TS dugc nghién clru va sir dung rong rai hon
c4. M5 hinh nay c¢6 wu diém 13 c6 thé rat ra tir dir
liéu vao - ra quan sat duoc biang cich ding ky
thudt phan nhém. Hon thé, mé hinh mo TS con c6
tbc d tinh toan nhanh hon mé hinh Mamdani.

Céu trac md hinh dugc xdy dung tdng quét
cho hé MIMO wvoi ' ddu  vio:
ueUcCR", n yeYcR"

] : "df‘;u ra; = _ . Hé nay
¢6 thé duge xap xi bing t6 hop cta nhiéu mo hinh
md MISO roi rac. Gia thiét : f,ﬂ la cac da thic
. -1

voi d6i sé 18 9 - toan tir dich i (backward

shift operator), tirc la:
{=a,+ a,q" + azq'z.... 2. Ky hiéu
def
DA, =Dl —m) sl =m=1).cop{k —m—n-+1]
vei msn,

Chon md hinh MISO c¢6 ciu tric NARX
(Nonlinear Auto Regressive model with
eXogenous inputs):

v (k+1)=F(x,(k)),1=1,2,...n,

Trong d6 Ly (k) 14 vector hdi quy:
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x (k) =[{x (k)}:’ =57 (k)} " (k+ 1)1 "’{”n, (k+1)}"_w|n,]

i A in; (1)

n,,n, . - R T
¥?7¥ 13 ma trén s6 tré (delays) ctia mdi ddu vio va ra.
n, PO R SO, T I. , R
: Ma trén cua so tré van chuyén tir moi dau vao téi dau ra.

Phén quan trong trong mé hinh m& chinh 13 X, . ; g
Trong d6, ~% 1a phan tir cta vector hoi quy

ludt hop thanh:
V R . = x{ Qn - A 3 5 A .o Kf L A A
P 2 (k) =Q, =1 2%l : Tap mé cha ludt thir 7, 7 : S& ludt trong
if and... and et H § . Ak ; e
mo hinh thir /. H¢ ludt nay dugce ude luong tir tap
Xip (k) = th i dit liéu vao ra clia qué trinh.
g (k+1) (k)+771;”(k) s C6 nhiéu phuong phap dé xac dinh cdu tric va
] uéc lugng tham sé clia hé mo. Mot sb phuong
i=12,...,K,. @) phép theo [3] dugc tdng két trong bang sau:
Method Type |Number| Location [Consequences
of MFs | of MFs |of the MFs
Mosaic scheme | Fied | Fixed | Fixed Adjusted
Gradient descent| Fived | Fixed | Adjusted | Adjusted
Clustering +
gradient descent | Fived [Adjusted| Adjusted | Adjusted
Evolutionary
strategies (1) |Adjusted|Adjusted| Adjusted Adjusted
2.2. Phiém ham muc tiéu . Chudi tin hiéu diéu khién twong lai duoc tinh

todn tir viéc t6i wu mot phiém ham muc tiéu dé

Céc tin hiéu diu ra tuong lai ndm trong mot : + S0 -
gilt cho qué trinh “bam” cang gan quy dao dit

mién xéc dinh N, goi la mién du bdo, dugc tinh

:joan :a1 m(;l thmt dle}fn ICSU démg mo t;“h lc):ua w(t +k) (reference trajectory) cang tot (quy dao
vl lugng/qua tHn Ak ol I oy oee dat - setpoint), ddng thoi phai dam bao sai léch tin
ot +k|t) =1...N phy thuge vio céc higu didu khién A% t6i wu. Biéu thirc tdng quét

gid tri diu vao va dau ra qua khir tinh téi thoi cia phiém ham muc tiéu c6 dang sau

diém ! va céc tin hiéu diéu khién tuong lai

u(t+kjr),k=0...N -1

Ny N,
J =3 SN+ j1n=-a(t+ HF + Y A)Au(t+ j-DF

Jj=N, J=1 (3)
N, va N, la giéi han trén va dudi cia sb o(J) va A(J) xdc dinh trong sé cdc thanh

A N 5 ) phén trong ham muc tiéu.
micn dy bdo, ~ ¥la gidi han diéu khién. Céac hé
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Trong phiém ham cuc tiéu héa (3), cac thuat
toan MPC thuong sir dung mit quy dao quy
chiéu w(t +k) . w(t +k) khdng nhz‘it thi‘ét
phai bing tin hiéu dit ma thudng 1a xdp xi gan
ding, thuong dugce tao ra bang bd loc bac nhat.

w(t) = y(2),
w(t + k) = aw(t +k—1)+ (1-a)r(t + k),
k=1...N O0<a<l (4)

Téc dung cua bf loc 12 1am “tron ” dép Gng,
nho dé lam ting do bén virng cia hé thong.

Trén thuc té, cic qua trinh céng nghiép déu
khé tranh khoi céc di€u kién rang bude (con goi
la dieu kién bién), do do, phiém ham muc tiéu
(3) thuong két hop voi:

u . Susu

min max ?

Au,, <Au<Au_,,

ymin Sysymax’
Aymin SAySAymu’ (5)

Chinh céc didu kién rang budc nay lam cho
bai toan tbi uu phi tuyén khong 16i cang tré nén
phirc tap, thoi gian va khoi lwong tinh todn lon,
do d6 khé 4p dung thudt todn nay cho h¢ c6 déng
hoc nhanh. Hon thé, cic thuit toén 1ap tim t8i wu
nhu Nelder - Mead hay SQP thuong héi tu vao
cuc tri cuc by, phuong phip nguoc hudng
gradient thuong phu thudc gia trj khai tao. Trong
bai bdo nay, ching tdi sir dung giai thuét di
truyén (Genetic Algorithms - GA) dé giai quyét
bai toan tdi uu héa.

3.GIAI THUAT DI TRUYEN

Thuat toan di truyén 1a thuit toan ti wu
ngﬁu nhién dua trén co ché chon loc tir nhién va
tién hoa di truyen Nguyén ly co ban cta thuft
toan di truyén dugc Holland gi6i thiéu vio nam
1962 [12]. Co s¢ toén hoc cua n6 dugce phat trién
tir cudi nhitng nam 60 va duge gi6i thigu trong
quyén séch dau tién cta Holland, Adaptive in
Natural and Artificial Systems Trong linh vyc
t6i uu héa, thudt toan di truyén dugc phat trién
nhanh chéng va ng dung trong nhiéu linh vire
khéc nhau nhu t8i wu héa, xir ly anh, bai todn
hanh trinh, nhin dang hé théng va diéu khién.

Viéc sir dung giai thuat di truyén trong bai
todn tdi wu s& tom dugc diém lan can cuc tri toan
cuc, tranh dugc cuc tri dia phuong nhu mot s6
phuong phap khéc d6 cung bd. Chi tiét céc bude
thuc hién thuét giai di truy'én dé duoc néu trong
nhiéu tai liéu [3].

Tuy nhién, tré ngai 16n nhét khi s6 dung trbng
bai toan MPC chinh 14 GA doi hdi thoi gian tinh
toan khd 16n. Trong nhitng nam gén day, téc do
xUr ly clia mdy tinh ngdy cang cao, nén viéc ing
dung thuét todn trén pht hop véi nhiéu déi tuong
khac nhau.

4. KET QUA MO PHONG DIEU KHIEN LO
PHAN UNG DAY TRUYEN LIEN TUC
Péi twong nghién ciru la diéu khién 16 phan

irng day lruyen lién tyc CSTR mé ta boi hé
phuong trinh vi phén phi tuyén [13]:

d 2

i —x,+D,(1-x,)e"*'?

dx; |+§;/¢:
?:—(l—ﬁ)szrBDa(l—xl)e + fu
Y=

Trong d6 x; vi x, dai dién cho nong dé cic
chét trong phan tmg (khéng c6 don vi) con e la
nhiét dj cta 16 phan (mg. Tin hiéu diéu khién u 1a
nhiét do lam mat cua v6 boc bao quanh 1o phan
ung. Cac hc’mg sb nhiét vat 1y 1a : D,-hé sé
Damkoler, ¢: ning lugng kich hoat phan g, B:
nhiét d¢ phan tng, B:hé sb truyén nhiét

Tham s6 dinh mic cia hé 1a : D=0.072,
¢=20, B=8, p=0.3. V6i céc tham s6 nay hé théng
1a khéng én dinh(Chen va peng,1997 da khao sat).

Pidu  kién O<u<2,

-05<Au<0.5

Céu tric mo6 hinh dugc dua vé dang sau:

y(k)=f(y(k=1),(k-2),u(k-1))

Tir ly thuyét vé didu khién dv béo nhu da
trinh bay & trén, ta c6 thé xay dung so db khéi cua
diéu khién du bdo dua vio md hinh mo nhu sau
(hinh2)

ring  budc:
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Hinh 2. So db khéi didu khién du bao dwa mé hinh mo
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Hinh 3. So db Simulink

Trang 20



TAP CHi PHAT TRIEN KH&CN, TAP 13, S0 K1- 2010

Céu tric tap md: Mdi déu vio gbm 2 tip
md, dang hinh thang.

Mién du béo diéu khién He=2; du béo diu ra
Hp—6.

Sir dung giai thudt di truyén:

n = 10 bits; s6 NST = 50; s6 thé hé = 6.

Output Signal

r—
l—_ = =

TR
I = i <2

(SNSSSSE.), SUN % SOV, | |F. — "

0!
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
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0! .
D B0 10 150 200 20 30 B0 00 400 K00

Hinh 4. Tin hiéu vio - ra

Training Data {Sakd Lme) and ANFIS Prediction (Dols] with RMSE 0 004435
3 P

- _—

«dL S— — Y [URSRPRUR. PyF—— — N S ow— -
0 1000 2000 3000 4000 5000 6000 7000  BOOO
Time Index
Checkmg Data (Solid L|ne] and ANFIS Prediction (Do(s) with RMSE 0. wsasu
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Hinh 5. Két qua hudn luyén

He= Zlip ﬁTs 0.5

LT A e SR e e

B s ]

| —¥i|
: i | N |
05 ¢ b i + i |
o ! (SIS USe A 1 1 1
0 5 10 15 2 25 30 35 40 45 50
time (s)
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| | i i
| 1
02H - == fr === =7~ B
% o 1 1 1 ! 1
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time (s)

Hinh 6. Tin hiéu ra y(t) va tin h1¢u dleu khién u(t), tin
hi¢u dat 1a hing s6

He=3,Hp=8,Ts=

e e

| SESSNE IS S—— | SN G——| i | -t
5 10 15 20 25 30 35 40 45 50
time (s)

s

&5
8-
g

3

s

Hinh 7. Tin hiéu ra y(t) va tin hiéu diéu khién u(t), tin
hiéu dat dang hinh thang

5. KET LUAN

Hién nay, diéu khlen du bdo di dugc phat
trién manh m& va da c6 rit nhiéu mg dung trong
cong nghiép. Piéu khién du bao dac biét hap dan
bgi vi nhitng khéi niém dua ra déu rét truc quan,
dong thoi viée diéu chinh bo didu khién twong déi
dé dang. Diéu khlen du bao c6 thé duoc sir dung
d@é diéu khién rét nhidu qua trinh, tir nhitng qua
trinh ¢6 ddc tinh déng hoc don gian cho t6i nhimg
qué trinh phtrc tap hon, ké ca nhimg hé théng c6
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thoi gian tré 16n hodic hé pha khong cuc tidu, hé
khéng 6n dinh, hé nhiéu loan. ..

Biéng céch sir dung md hinh m& TS va thuét
giai di truyén trong bai béo ndy, ching t6i da dé
xudt mot thuat toan kha thi dé giai bai toan didu
khién dy bao hé phi tuyén. Két qua m« phéng
cho thiy chit lwong ciia by didu khién kha
tét, tin hiéu ra y (t) bam tin hiéu dit r(t) vé6i sai
s6 ¢6 thé chip nhan dwogc. Véi su phét trién vuot
béc ctia nganh céng nghé  thong tin, tdc d9 tinh
todn ctia vi xit ly duoc cai thién dang k&, didu

nay tao diéu kién thudn loi cho viéc ap dung cic
thudt toén trén vao cac bai toan diéu khién thoi
gian thue.

M6t hudéng nghién ctru tiép theo 1a tim ra
thuat toan dé chinh dinh thich nghi cac hé sb

50 ), /1(] ) trong~hém muc tiéu (3), ngh'ién clru
anh huong cua nhiéu tac dong t61 hé thong deé
néng cao hon nita chat lugng bd diéu khién.

MODEL PREDICTIVE CONTROL BASED ON FUZZY SYSTEM, APPLICATION FOR
A CONTINUOUS STIRRED TANK REACTOR (CSTR)

Tran Quang Tuan, Phan Xuan Minh
(1) Ministry of Science and Technology
(2) Hanoi university of Technology

ABTRACT: The paper presents one method to design the Model Predictive Controller based on
Fuzzy Model. The Plant is simulated by Takagi-Sugeno Fuzzy Model and the Optimisation Problem is solved
by the Genetic Algorithms. By using the Fuzzy Model and Genetic Algorithm this MPC gives better quality
than the other General Predictive Controllers. The case study of a continuous surred tank reactor (CSTR)
control is presented in this paper.

Keywords: Model Preditive Control (MPC), Takagi Sugeno Fuzzy Model, Genetic Algirithms (GA),

Multiple Inputs-Multiple Outtputs (MIMO).
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