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TOM TAT

Bai bdo gi6i thigu mét phmmg phap didu khidn dy bio thich nghi g dung trong céc qué trinh
céng nghiép dua trén bd didu khién GPC. D& cung cép dugc théng tin chinh xac vé déi tuong phi
tuyén ta sit dung mét bd didu khién thich nghl dya trén mé hinh my TS. B didu khién duoc sir
dung dé didu khién mot hé théng phi tuyén didu khin mirc chét 1ong. Céc tham sb ciia b$ didu
khién duoc lya chon va tinh toan véi trudmg hop khéc véi céc nghién ciru truge day. Két qua md

phéng cho thiy khi sir dung bo didu khin da trinh

bay véi cac tham s6 trén thi dap img dhu ra bam

theo duoc lugng dit mong muén ngay ca khi xudit hién nhidu 1am thay d3i théng sé cua déi tuong.

Tir khod: Dy bdo, mé hink mo, diéu khién dw bdo

DAT VAN BE

Didu khién di bdo ra ddi vio nhitng nim 70
va ké tir d6 dén nay phwong phdp nay d phat
trién déng ké trong linh vic nghién ciru vé
didu khién cling nhu {mg dung trong cdc qua
trinh c6ng nghiép. V& ban chét, phuong phap
ludn ciia didu khién dy bao 1a cdp nhét thong
tin v& dbi tugng didu khién tai cac thoi didm
roi rac va gidi bai todn tdi wu trén co s& mé
hinh dy bao dé tinh toan tin hiéu diéu khién
cho khoang thoi gian giita c4c thoi diém cap
nhit k& tiép nhau, Tin higu didu khién duoc
tinh trén md hinh du bao 14 dé &p dung cho
céc dbi twong thue nén & dam bao tinh hidu
qua ctia tin hiéu diéu khién nay thi diéu khién
du bdo truyén théng doi héi mé hinh du bao
chinh 14 mé hinh chinh xéc cia déi trong
didu khién, Do vy, didu khién du bao truyén
théng ciing vip phai mdt nhuge diém twong
ti diéu khién t6i wu 1a khong 4p dung duoc
véi cac dbi trgng c6 md hinh phy thudc tham
56 khong biét.

Sur phu thude tham sb khong biét cia m6 hinh
dbi twong 1a didu khéng thé tranh khéi trong
nhiéu émg dung thyc tidn, nén viée phét trién
phuong phép didu khién du bio ndy cin duge
nghién ciru. Tuy nhién, tinh bat dinh ciia mé
hinh d4i twgng khéng cho phép sir dung tryc
tiép mé hinh d6i tugng 1am mé hinh dy bio
nén viéc xdy dyng mé hinh du bio la mét

" Tel: 0915 812587, Email: Ithuyen@ictu edu vn

cdng viéc dac biét quan trong trong didu
khién dy bdo cho dbi tuong phi tuyén.

Mot phuong phéap hiéu qua dé khic phuc khé
khin trén la sit dyng cac bd xdp xi mo dé
tham s6 héa lai mé hinh déi tuong didu khién
sao cho cdc him sb trong md hinh méi 13
tuyén tinh voi tham sé bét dinh va tir d6 ap
dung phuong phap diéu khién thich nghi dé
tinh toan tin higu didu khién. Tir ¥ tuéng nay
bai bdo di nghién cfru mét bd didu khién dy
bao thich nghi dwa trén mé hinh m&r dé didu
khién cac dbi twong phi tuyén.

TONG QUAN VE PIEU KHIEN DU BAO
Diéu khién dv bio theo mé hinh (MPC —
Mode Predictive Control) 13 mdt cong cu
manh d& didu khién c4c qué trinh trong cong
nghiép, dic biét 12 céc qua trinh phi tuyén,
nhiéu vao — nhidu ra. K& tir khi ra d&i cach
ddy khoang ba thap ky, phuong phap nay da
phat trién dang ké trong linh vuc nghién ctu
didu khién ciing nhu (mg dung trong cong
nghlep MPC 1a glal phap tong quat nhét cho
thiét ké bs diéu khién trong mién thdi gian, c6
thé 4 4p dung cho hé tuyén tinh ciing nhur hé phi
tuyén, dzc biét 1a khi tin hidu dat biét trudc.
Ngoai ra MPC ciing c6 thé didu khién cac qua
trinh ¢6 tin higu didu khién bj chan, c6 cac
diéu kién rang budc. Tuy nhién, do sir dung
céc didu kién han ché, rit kho chirng minh
tinh én dinh va bén vitng vé& mit ly thuyét cia
hé MPC, mic dii han hét cac img dung duoc
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téng két ddu cho thiy dd én dinh nhat dinh.
Dy c6 thé néi 1a mét tré ngai ¢é MPC dugc
ph bién rong rdi hon trong linh vurc nghién
ciru v& didu khién. Mic di vay, nhimg két qua
méi dy hira hen hién nay cho phép chiing ta
nghi dén viéc mé& rong hon nita k¥ thudt didu
khién nay trong twong lai.

Thuit odn diéw kfién dur bao

Aun Mnen

Hinh 1. So d6 khi hé thdng diéu khién dir bdo

Céc thudt toan MPC khic nhau chi khéng
gibng nhau & md hinh todn hoc mé ta déi
tugng/qué trinh, ohifu va phiém him myc
tién cin t5i thidu héa. Do tinh kha mé cia
phurong phip MPC, nhiéu céng trinh da duge
phat trién va dugc thira nhin rbng rii trong
cong nghiép va nghién ciu. Thanh cong cia
cac tmg dung didu khién dy bao khong chi
trong cong nghiép ché bién ma con trong
nhiéu qué trinh da dang khéc, tir didu khién
robot cho dén gay mé lam sang (y hoc). Céic
irng dung MPC trong céng nghiép xi ming,
thap sdy, thap chung cit, cong nghiép PVC,
may phét hoi nude hay dong co servo ciing da
duge gici thiéu trong nhiéu t4i 1iéu khéc nhau.
Chét luong t6t cia cac g dung nay cho thiy
MPC ¢6 kha ming dat duge nhimg hé théng
diéu khién hiéu qua cao, van hanh 14u dai va
bén vimg.

Nguyén téc didu khién dy bao:
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Hinh 2. Chién hege diéu khién dir bdo
Sir dung mdt md hinh toan hoc dé dy béo diu
ra ciia d&i twong/qua trinh trong twong lai
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Y(i+klt) voi k=1..,H, trong'dé

H,dugc goi [ mién gii han dy bio
{prediction horizon).
Chudi tin higu didu khién i w
{u(®),...u(t+ H,)} dugc tinh todn théng
qua viéc t6i thiéu héa mot phiém ham muc
tiéu. Phiém ham néay thudng c6 dang ham b
hai bao gdm binh phuong sai léch gifra tin
higu déu ra dy bio va quy dao quy chidu
mong mudn cong véi binh phuong chuBi biéy
thién tin hiu diéu khién.
J=%5(k)[5/(1+k)4w(1+k)]’+§:A(Ic)[Au(1+k71)]"
o el
Tin higu didu khién u(t) dwec dia t6i dfi
tugng/qua trinh trong khi céc tin higu diby
khién con lai trong chudi bi bé qua, bdi vi
thei didm 14y miu tiép theo y(r+1) di biét
va bude 1 dugc 1ap lai voi gid tri moi nay vi
toan bd cac dir liéu dugc cdp nhat. [4],[5]

MO HINH M3 TAKAGI - SUGENO ¥

Xét mot ddi tugng phi tuyén duoc bidu difn
dudi dang: [7]

YA =1, Yk =2),..., Yk~ 1),
u(k-d-1), ,utk-d~n,)

U]

y(/t)=f[ ':'+C(k)

Df;i tirong phi tuyén c6 thé duoe rdi rac héa
bang md hinh TS dugc dinh nghia béi [udt my
dudi day:

R Fx® s Aardnd x(8) 4

THEN y(R=a(e W~ k—d-D+®)
Trong d6 R(i=1,..,N) la ludt m¥ thir 1. ¥

12 56 luat.
i

©)]

- - —(n, -1
azy=a,+az" +.ta, 7"

b(z)y=b, +b,z" ..t b, 27D
Tir (2) phuong trinh (1) dugc viét lai nhy san

x
=Y (kD b k=D

+C(k)]=ia7[x(k)](9,)’ X (R)+S (k)
=
Hay c6 thé viét gon:
Wk =@ ¥(k)+¢ (k) o
Trong dé: i=1,..,N
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R iy e

7
9,=|:a1,, > nynbhs s n:] ®
o=[6.6!...6,] ©

[y(k—l),...,y(k—ny), }
x, (k)= (10)
u(k—d=1),...u(k—d—n)

RCR EECTHOREAEOM0]

Gia st khong tdn tai sai 1éch mé hinh thi ta
viét (5) dudi dang sau:

k)= i‘, Bx()E) x, (k) = O (kyE(k) (12)
1=l

LUAT BIEU KHIEN DU BAO

Gia sit m hinh (5) duge viét dusi dang sau:

(k) =b(z" wk-d-1)+¢k)  (13)
Trong d6:
a(z')y=1-7 -7,z =8,z (14)
b(z"y=h, +bz" +..,+17"yz""~‘“ 15)
El = Z&)—l [X(k)] al'

o~ (16)

5 =ia‘)’ [x(®)]a,

. Luat dleu khién GPC thu dugc bing cach cre

tidu héa phlem ham sau déy:

T = 2 [+ pliy—r(k+py |+

pedsl

d+N,

>[4tk +p-d— un7
p=d+

Trong 46 y(k+ p|k) la déu ra du béo p
budc trude thiri diém thir k, #(k+ p) 14 tin

an

hiéu dat twong lai trude p budc, A=1-—z"
va

- - (N, -
q(z I)=qo+%z l+"'+qN,+n,—lZ (oD
12 da thirc trong lugng. N, va N, 12 khoang

dy bo diu ra va khoang du bio didu khién.

Dy béo tot nhét clia y(k+ p| k) la:
P+ plk)= (2" )yk)+

25)
g,(z")Au(k+ p-d-1)
Phuong trinh (25) dwoc viét lai nhr sau:
YK =Guk)+F(z" k) +L")  26)
Trong d6:
Pe+d+1) Aulk)
YB)= y(k+sd+2) )= Au(f:H»l) [e1)]
Jk+N,) Aulk+N, ~1)
Jan(z _l)
-1
F= Sz :(Z ) @
/i N, (z ®)
Banpo 0 B 0
G- gd:+2,l gd;z,o 0 @)
&N, N1 BN, 8y,0
[ 80a@")Bpale Y|
(R R T
[, )-8, )] autk-D
dil-p

g,(zq) =8,0t&piZ  tt 8y pun?
Nghiém cia bai toan t6i wru (25) Ja:

Au(k) =K[R-Fp(k)]- %e(k)

THICH NGHI THONG SO MO HINH

Dé lam thich nghi théng sb ciia md hinh m&s
TS sir dung cho bd didu khién GPC thi luat
thich nghi sau ddy dwoc gidi thidu:{7].
O(k) = Ok —1) — yKEP(k)e(k)
Trong d6 y 14 hé b thich nghi

XAY DUNG THUAT TOAN BIEU KHIEN
Trong phin ndy mét bo didu khién du bao
thich nghi bing m hinh m& dugc gi6i thigu

(32)
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cho mét 16p cac qué trinh phi tuyén rdi rac.
B6 diéu khién qué trinh dya trén thujt toan
GPC va sit dung md hinh m& TS thich nghi
on — line. Mét so db ciia by diéu khién du bao
thich nghi bing md hinh m& - AFGPC duge
thé hién nhwr hinh 3.

Hinh 3. So dé diéu khién tong qudt hé thong sit
dung bé diéu kiuén AFGPC
Nhu ching ta thiy & hinh 3, so db hé théng
didu khién AFGPC bao gbm déi tugng, bd
didu khién va md hinh m& TS thich nghi.
Cac bude thiét ké mot bs diéu khién du béo
thich nghi bing mé hinh m& nhu sau:

Buée 1: Lua chon céc thong sb bd didu khién
i, ds N, Ay, va g )
Budce 2: Xay dung cdc ludt m& co sd: cac bién
dAu vao, cac ham lién thude va cic lut mo.
Budc 3: Khai tao cc thong s6 md hinh (5)
(c6 thé bd qua cac hidu biét v& dbi trgng didu
khién) va khéi tao (0).
Buc 4: Tinh todn @(z™') va b(z7") st
dung phuong trinh (14) va phuong trinh (15).
Bude 5: Tinh toan tin higu diéu khién u(k)
tir (31).

- a
Au(k) =K[R-Fp(k)]-=e(k)

£

Budc 6: Thich nghi cc théng sé mé hinh TS
(a,vab,)
Budce 7: Quay lai budc 4.
THUAT TOAN AFGPC PIEU KHIEN MUC
CHAT LONG
Trong phin nay ching ta s& di xdy dung chi
tiét thudt toan AFGPC dé didu khién qué trinh
104

mic chit long trong phong thi nghiém. No
duge bidu dién nhur sau: [6],[7].
) =09722(k~1) +0.35T8u(k 1)~ 0.1 2950(k ~2)

—0.04228y (k —2) +0.1663y(k —ne(k ~2) ﬁ

03103y~ ek —1)—0.03259y (b~ Tk ~2)

—0,3513y2(k—l)u(k—2)+0.3084y(k—l)y(k—2)z(k—;£‘

+0.10873(k —2)uek — el —2)+ (k)

Trong d6 v(k) duge coi 1 nhiu ngoai.

Xay dung b$ didu khién AFGPC:

- Théng s6 bd diéu khien AFGPC duge lyra
chon nhu sau:

Lua chon thong sé

+Bic ciia daura n, =1. Tir day ta c6:

azH=1-az" .
az")=(1-z"az")=1-@+N)z ' +az*
=1-¢ 7! —&zz’z @3
Trong dé
a=a+1
a,=-a
+ Bic clia dAu vao n, =2, Tir diy ta co:
P N |
b(z)=b +b,z o8
+ Khoing du bao déu ra N, =2
Dathic e,(z7") v6i p=12 la:
{q(z") =1 !
e (z)=1+ ezv]z‘] 65
Da thirc fp(z") voi p=1,2 la
A= fot iz
FACR LY (36)

+ Cac thong sb con lai duge chon:
d=11=70;7=30;
g=La=0.06
- Cic bién dAu vio ciia lugt mor duoc lya chon
x(k) = yCk—1),u(k 1), u(k - 2)]T
Mbi bién dhu vao déu bi giéi han trong
khoang [-3,3] va ¢4 ba ham lién thude

Gaussian, dieu ndy cé nghia I3 c6 tdng cong.

-
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27 ludt md N =27, Théng sb cia ba ham

Gaussian dugc cho nhu sau:

+ Gaussian 1: ¢, =3, sigma, =0.9

+Gaussian 2: ¢, =0, sigma, =0.9

, +Gaussian 3: ¢; =3, sigma, =0.9
Trong d6 ham Gauss sir dung c6 bidu thirc:
f(x) =exp((-0.5(x—c)’ / sigma®)

Hinh 4. Cdc ham lién lhuuc Gauss:an ciia ddu vio
- Khéi tao cac théng s6 md hinh va tin hiéu
didu khién: tit ca cic thong sb ban diu cia
doi tugng deu dt{qc khéi tao & gia tri O.QOI,
tin hiu diéu khién cling dugc khoi tao bang
0.001.

v - Tinh todn hé sé ctia c4c da thic @(z™") va
B(z™"), cac ma trin F, G, K va tin hiéu didu
khién.

+ Dbi v6i da thirc @(2™") chiing ta chi phai
tinh hé s6 @, theo cdng thir sau:

=2 x(b)]a,
=

+ Dbi véi da thirc l;(z_') ching ta phai tinh
hé sé b,,b theo cdng thirc sau:

Z &'[x(k)]b,

-5
=]
+ Tir cic hé sb nay ching ta d& dang tinh
oo duge cic ma trin F, G, K theo céc phuong
trinh (28), (29) va (30).
\an' Tin higu didu khién dwoc dua ra nhu sau:

¥ty = uk - D+K[R- Fy(k)]——e(k)

[x(®)Ib,,

10t

Sau khi d3 tim ra duoc tin hiéu didu khién
chiing ta s& update lai thong sé déi tuong dé
thyc hién thich nghi mé hinh m&.

KET QUA MO PHONG

Sau khi di xfy dung duge bd didu khién
AFGPC diéu khidn d6i twong phi tuyén néu
trén két qua mé phong dép img dAu ra, tin
higu didu khién u(k) va sai 1éch diéu khién
e(k) duge trinh bay 1dn luot & hink 5, hinh 6
va hinh 7. [3]
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Sangl Norter &
Hinh 5. Ddp itng déu ra cia do1 twomg, heong diit
va nhiéu

Tai thoi diém dAu tién lugng dat r(k) c6 gié tri
1, tai thoi diém trich mu thir 500 thay dbi
r(k) tir 1 xubng 0.5 va tai thoi didm trich miu
thir 1000 thi r(k) lai ¢6 gia tri 1. Nhin vao dap
g diu ra y(k), ta thiy y(k) di bam theo
duwgce gi4 tr dit r(k) v6i kha nang bam rét tdt.
Dic biét tai thoi diém trich mAu thi 1500 mot
gid tri nhidu v(k) =0.05 xuét hién & dlu ra
qué trinh, tuy nhién gia tri ddu ra y(k) chi bj
déanh bat ra khoi diém dat trong mot thdi gian
ngén sau d6 n6 nhanh chéng trd lai duge gid
trj dit mong mubn. Didu nay chimg t6 bs diéu
khién AFGPC hoat dong twong déi higu qua
ngay ca khi c6 nhiéu xuét hién.

02 ‘ i
. P 17
om 400 600 Ellﬂ 1000 1200 Mlltl 1600 1800 2000
Samgie Humber, k

Hinh 6. Tin hiu diéu khién u(k)
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Tin hiéu didu khién u(k) thay dbi khi gia tri
dat thay déi dé didu khién duge diu ra bam
theo duoc lrgng dit. Dac biét & hinh 6 ching
ta con thay, tai thi diém trich mau thir 1500
tin hiéu didu khién ciing bi thay abi do xuft
hién nhiu, diéu nay cho thay bo diéu khién
AFGPC rit nhay vdi nhiéu bén ngoai.
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Hinh 7. Tin hiéu sai léch e(k)

Tin hiéu sai léch cta bd diéu khién ludn dugc
dura vé& gid trj 0 trong khoang thdi gian hitu
han va khi bi tac ddng gié tri e(k) khong qua
16n nhu hinh 7.
KET LUAN
Bai bio da trinh by 1y thuyét hoan chinh ciia
thudt todn diéu khién dyr béo thich nghi dya trén
mb hinh mr danh cho 16p ddi twong phi tuyén:

1
[ 200

- Xy dung dugc md hinh thich nghi tham 56

trirc tuyén trén co s& vée huong tham sb md

hinh m& cho di tugng phi tuyén.
SUMMARY

- Xay dung giai thuat didu khién du bao thigk
nghi m& trén co s¢ sir dung md hinh thich
nghi tham s cfia b3 uée lugng ma 13 md hinh
dir bao.

- Thyc hién 4p dung diéu khién dir béo thich
nghi trén mé hmh m& AFGPC cho mdt déi
tugng phl tuyen cu thé. Két qui md phéng
cho thay by didu khién AFGPC hoat déng
twong d6i tt ngay ca khi c6 nhidu xudt hién.
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PREDICTIVE CONTROL (GPC) WITH FUZZY MODEL

Le Thi Thu Huyen’, Vu Thi Oznh, Bui Thu Thuy

College of Information and Commumication Technology - TNU

The paper proposes an adaptive fuzzy predictive control method for industrial processes, which is
based on the Generalized predictive control (GPC) algorithm. To provide good accuracy in the
identification of unknown nonlinear plants, an online adaptive law is proposed to adapta T-S fuzzy
model. It is demonstrated that the tracking error remains bounded. To validate the theoretical
developments and to demonstrate the performance of the proposed control, the controller is applied on a
simulated laboratory-scale liquid-level process. The parameters of the selected controller and calculate
the other case with the previous studies. The simulation results show that the proposed method has good
performance and disturbance rejection capacity in industrial processes. ’
Keywords: Generalized , fuzzy model, generalized predictive control (GPC) algorithm Y
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