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1. GIOI THIEU

Piéu khién du bao twa md hinh (MPC) 1a mét cong cu manh cho diéu khién cac qua trinh
trong cong nghiép, dic biét 1a cac qua trinh phi tuyén. Tu tudéng cia phuong phap MPC va
nhitng uu diém cta phuong phap nay da duoc néu trong [1].

Trong két qua nghién ctru cong bd trong tai liéu [2, 14, 15, 16] da dua ra mot phuong phap
thiét ké bo diéu khién dy bao tya mé hinh (MPC) trén co s¢ md hinh mo. Déi tuong diéu khién
duge md hinh hoa bang mé hinh mo (Takagi-Sugeno - TS), bai toan tdi wu ham muc tiéu da co
mdt s6 nghién ctru theo hai huéng chinh d6 1a dung thuat giai di truyén (GA) [9] hodc phuong
phap gidi han va r& nhanh (B&B) [10 - 12] tuy dat dwoc mot s6 két qua nhitng van con mot s6
han ché sau :

- {t nghién ciru vé cach thue xép xi ddi tuong phi tuyén bét dinh béng mo hinh TS, dac biét
1a h¢ phi tuyén c6 tham so thay do6i va xét on dinh cua hé thong.

- Cac trong ) trong ham muc ti€u dugc chon dya trén kinh nghi€ém nén rat kho khan dé tim
duogc cac hé so phu hop, thdm chi cé the lam cho h¢ kin mat o6n dinh.

- It nghién ctru dua ra mét thuét toan dé c6 thé chinh dinh thich nghi cac trong lugng dé
dam bao hé kin on dinh toan cuc (GAS).

Bai bdo trinh bay mdt phuong phép thiét ké bo didu khién dy béo thich nghi cho hé phi
tuyén c6 mo hinh bét dinh trén co s& md hinh mo TS, thuat giai di truyén va thuat toan chinh
dinh cac trong s6 trong ham muc tiéu trén co s¢ ham Lyapunov, goi tit 1a (RAPC) dé khic phuc
phan nao cac han ché trén.

2. MO HINH MO TAKAGI-SUGENO VA THUAT GIAI DI TRUYEN TRONG MPC
2.1 M hinh mé

Li thuyét vé tap mo c6 thé dugc st dung trong viéc md hinh héa h¢ théng. Viéc mb hinh
héa duoc thuc hién bi mot hé thdng suy lugn mo (FIS). Cac hé thdng suy ludn mo 1a nhitng don
vi xtr | dé chuyen d6i nhiing théng tin bang s6 sang C4c bién ngdn ngit boi qua trinh mo héa. P6
la qué trinh chuyén doi tir gia tri vat |i sang gia tri mo thong qua cac tap mo (fuzzy sets). Hé luat
suy dién duoc xdy dung theo cau trac néu ...thi (if... then...) va dugc thuc hién bang co ché suy
dién. Dau ra cua co ché suy dién s& duoc bién ddi thanh gia trj rd thong qua bd gidgi mo. [3]
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FIS 1a mot cOng cu xp xi toan ning. Piéu nay cho phép c4c hé thong suy luan mo c6 thé
xap xi bét cir mot ham lién tuc nao trong mét mien xac dinh voi d chinh xac cao. Tuy nhién,
kha nang x4p xi van ning ctia cac md hinh md chua phai 12 diéu dang ké. Quan trong hon ca mo
hinh mé m¢ ra 'mot khong gian mdi cho phep thdng tin c6 thé duoc 1ay ra tir md hinh. Khéng
gian d6 cung cap nhitng théng tin md ta vé dap tmg cua cac hé théng duoc mod hinh hoa dudi
dang ngbn ngir

Trong h¢ thong diéu khién dy béo thi mé hinh md TS dugc nghién ciru va sir dung rong réi
hon ca. M6 hinh nay ¢6 uu diém la c6 thé rit ra tir dir liéu vao - ra quan sat duoc bang cach ding
ki thuat phan nhom. Hon thé, md hinh m¢ TS 6 toc do tinh toan nhanh hon mé hinh Mamdani.
Chi tiét vé cdu tric tong quat c6 thé tham khao tai [2, 3, 5]

Pau ra cia md hinh TS (Takagi — Sugeno) [2]:

zL: O'p(k+d)u (p(k+d))

§(k+d)=" @
2t (p(k+d))

¢(k+d):[y(k+d—1),...,y(k+d—Ny),u(k—l),...,u(k—Nu)}

va d 1a thoi gian tré cua di tuong. ¢(k + d) duogc goi 1a vector hoi quy (regression vector).

Viéc lya chon thanh phén vector hdi quy c6 nghia la ching ta s& chon ra cac thanh phan héi tiép
trong tap dir liéu qua khir ma c6 anh hudng nhiéu nhat toi dong hoc cua hé thong. Thong thuong
cac thanh phidn cua vector hdi quy s& dugc chon Iya trong tip sau [7]

{y(k-1),y(k—-2),y(k-3),y(k=4),u(k-1),u(k-2),u(k-3),u(k-4),u(k-5),u(k-6)}
bai theo kinh nghi€ém véi mot thoi gian trich mau phi hop thi nhimng thanh phén trong tap trén s&
cho anh hudng nhiéu nhat téi h¢ thong.

C6 nhiéu phuong phép dé xac dinh cdu trlc va wéc lwong tham sb cia hé mo. Mot sd
phuong phép da dugc nghién ctu theo [3, 5].

_ DOi v6i hé phi tuyén c6 md hinh bét dinh ( rong khuén khé bai béo, chiing 16i nghién citu
doi tuwong phi tuyén cé tham so thay doi), viéc mé hinh héa s€ phurc tap hon so v6i m6 hinh
tuong minh, d¢ mo hinh hoa chinh xac do6i twong phai dya nhiéu trén kinh nghiém hi€u biét vé
doi tuong va dua nhiing kinh nghiém nay trong thuét toan xap xi doi tuong theo mé hinh Takagi
— Sugeno hoac Mamdani. Cac budc thuc hién nhan dang doi tugng c6 tham s6 thay d6i bang mo
hinh TS duogc thuc hién nhu sau:

Tt phuong trinh md ta quan hé vao ra cua dbi twong va cac thong sé cua ddi twong tai cac
thoi diém khac nhau ta Chi?. do1 tuong di€u khién thanh cac m6 hinh Modell, Model 2.... Model
N tng vdi cac bd thong s6 cua doi twong sau do dung mé hinh mo TS d€ xap xi. Co ché thuc
hién trong van dé ndy 1a s dung “khda mo™ (st dung cau 1énh if.. else... end ) dé c6 thé mo ta
ting thoi diém thay d6i thong s cia ddi twong theo mot quy ludt biét trude.

2.2. Giai thuat di truyén

Thuét toan di truyén 1a thudt toan t8i wu ngiu nhién dua trén co ché chon loc tu nhién va
tién hoa di truyén. Trong linh vuc t6i wu hoéa, thuat toan di truyén dugc phat trién nhanh chong
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va ing dung trong nhiéu linh vuc khac nhau nhu ti wu hoa, xir |i anh, bai toan hanh trinh, nhan
dang hé thong va dicu khién.

Viéc su dung gidi thuat di truyén trong bai toan tdi wu s& tim dwgc diém 1an can cuc tri
toan cyc, tranh dugc cuc tri dia phuong nhu mét s6 phuong phap khac da cong bo. Chi tiét cac
budc thuc hién thuat giai di truyén da duogc néu trong nhiéu tai liéu [4][6] .

3. CHINH PINH THICH NGHI HE SO TRONG LUQNG 6(k) VA A(k) TREN CO SO
HAM LYAPUNOV

Céc thuat toan MPC khac nhau dit ra cac phiém ham danh gia khac nhau dé dat duoc luat
diéu khién, muyc tiéu chung 12 tin hiéu ra tuong lai ( ¥ ) (trong giéi han du bao) phai bam theo tin
hiéu dit biét trude nao dé (), déng thoi phai tim duoc tac dong diéu khién (AU ) téi wu cua
ham muc tiéu J. Gia su, J dugc chon c6 dang sau [1]:

J :%5(k)[e(k+d)]2 +%/1(k)Au(k)2. @)

.....

A Ae(k+d) _ 3)
Au(K) S(k)e(k + d)T(k) +A(k)Au(k) =0
tur (3) ta co:
— ik 1 9K) Ae(k+d) o . S(K) (4)
u(k) =u(k—-1) /’L(k)e(k+d)T(k) =u(k 1)+We(k+d)‘§

D& dang nhan thay khi sai 1éch e(k+d) 16n thi tin hiéu diéu khién ciing ting va nhiéu khi sy
tang nhanh tin hi€u di€u khién khong nhiing 1am cho chat lugng cua hé thong xau di ma thdm
chi con lam hé kin mat on dinh.

Chinh vi v@y, muc dich cua bai bao 1a dé xuétvm(f)t phwong phap chinh dinh céac trong s6
cua phiém ham muyc ti€u dé dam bao hé kin on dinh toan cuc trén co s& ham nhay
e AY(k+d)

Au(k)

Trong nhiéu bai bao nghién ciru vé diéu khién du bao tva md hinh(MPC) trén co sé hé mo,
cac hé sb trong lugng 5(K) va A(K) hau hét duoc chon cb dinh theo kinh nghiém nén mat nhiéu
thoi gian ¢ mo mam va ciing rat khé cho viée lwa chon cac trong s phu hop. Trong phan nay s&
dé xuat mot phuong phéap xac dinh cac trong sd ndy dua trén quan hé rang budc giira chung dé
dam bao hé kin 6n dinh.

Ta dinh nghia mét him Lyapunov cho hé kin ¢6 dang nhw sau:
V=%e(k+d)2+%Ae(k+d)2 5)
voi
e(k+d) = r(k+d)—y(k +d): Ae(k +d) =e(k +d) —e(k +d —1).

Trong truong hop tin hiéu dit 1a hang s thi ta co:
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Ae(k+d) =AYk +d). (6)
Dé hé kin 6n dinh thi diéu kién du phai thoa mén 1a:
AV <0. (7
Tu (5) ta co:
AV ek +d) 28K+ gy
Au(k) )
Ae(k +d) 22eK+) gy
Au(k)
Ma ta c6 thé biéu dién:
Ae(k +d)
Ae(k +d) =——Au(k 9
( ) AUCK) (k) ©)
v6i u(k) theo (4) ta c6 thé biéu dién nhu sau:
u(k) = u(k —1) + Au(k) (10)
Thay (9) va (10) vao (8) ta dugc:
2 2
A(K) , | Ae(k+d) ) Ae(k+d) | A(k) ) (11)
AV = -2 Au(k)? +| ———2 | Au(k)? = - Au(k
5k " { ) } 1 [{ o) } 5(k)] 1
Dé thoa man (7) thi

{Ae(ker)T_ﬂ(k) <o 9K _ 1

Au(t) SK) A [aek+d)T (12
{ Au(K) }
T (1) va (4), ta co:

sk 1 1 1

k)~ [Ae(k+d)T } {max A9(k+d)T G (13)
Au(k) Auk)
VOl

0<5(k), A(K) <1 "

Sk)+ (k) =1.

Bit ding thirc (13) chinh 1a mbi quan hé ctia hé sb trong lugng 5(K) va A(k) trong ham
muc tiéu (2) dam bao hé 6n dinh theo tiéu chuén Lyapunov. Pdng thoi dwa vao (13) ta c6 thé
thiét ké by tham sé chinh dinh 5(k)va A(K) thich nghi dé hé kin dat chat luong tét hon va
quan trong nhéat 12 hé kin 6n dinh toan cuc.

4. KET QUA MO PHONG CHO HE PHI TUYEN SISO
4.1. M6 hinh toan hgc

Déi tugng nghién ciru 1a hé phi tuyén bat dinh SISO mé ta boi phwong trinh roi rac [13]:
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(= D

+by<(k—-1)
trong d6 cac thong s6 a,b,c 1a cac tham s6 bat dinh phu thudc thoi gian, tmg véi thoi gian
0<t<800Ts thi (a, b, ) =(1; 0,1; 0,5), vdi t>800Ts thi (a, b, ¢) = (0,5; 0,8; 1) do vay md hinh
du bao duge thuc hién bang hai mé hinh ddi twong (Modell va Model 2) va mot khoa chuyén
ddi. Chu trac d6i tuong dugc dua vé dang m6 hinh mo sau:

y(k)=f [y(k—l),u(k—l),u(k—z)j. (16)
Céu triic tip mo: Moi dau vao gdm 2 tdp mo, dang hinh thang. Mién du béo diéu khién
Hc = 2, du bao dau ra Hp = 6 tin hiéu di€u khién u: 0<u<0,7; —0,2<Au<0,2, thoi gian trich

mau Ts = 4. Su dung giai thuat di truyén: n = 10 bits; s6 nhidm sic thé (NST) = 50; s thé hé =
6. Két qua cu thé nhu céc hinh v€ dudi day.

+eud(k—1) (15)

4.2. Két qua mé phong

Output Signal Training Data (Solid Line) and ANFIS Prediction (Dots) with RMSE = 0.0023698
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RAPC MPC thong thudng
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(khi ¢6 nhiéu tac dong) khi dung thuat (khi c6 nhiéu tac dong) khi dung thuat toan
toan RAPC MPC théng thuwdng

Tép dit liéu str dung dé huan luyén mé hinh du bao dugc thu thap bang phuong phap mod
phong trén nén Matlab — Simulink, hinh 1 mé ta quan hé dir liéu vao-ra cta dbi tuong co sir
dung “khod mo” véi 10000 mau tin hiéu dua vao, hinh 2 12 két qua hudn luyén offline co st
dung “khod mo”, hinh 3 va 5 1a két qua mo phong khi sir dung thuat toan RAPC, hinh 4 va 6 la
két qua md phong khi sir dung diéu khién du bao thong thuong MPC. Két qua chay md phong
cho thiy khi str dung thuét toan RAPC chat lugng diu khién t6t hon so v6i MPC thong thuong
ngay ca thoi diém co sy thay ddi thong s ciia ddi twong va khi co nhidu tac dong.

5. KET LUAN

Két qua md phong cho thdy bo diéu khién du bao thich nghi cho chét lugng tét hon hin bo
diéu khién MPC thong thuong. V&i khoa chuyén doi mo, bo diéu khién nay cé thé ing dung cho
cac d6i tugng diéu khién da mé hinh, c6 nghia 13 Gmg v6i mdi diém lam viéc khac nhau dbi
twong c6 mo hinh khac nhau.
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SUMMARY

ADAPTIVE PREDICTIVE CONTROL BASED ON FUZZY MODEL AND GENETIC

ALGORITHMS FOR UNCERTAINTY NONLINEAR SYSTEM

The paper presents a method to design the Adaptive Predictive Controller for uncertainty

nonlinear system. The predictive model is used by a group of Takagi-Sugeno Fuzzy Models
with Fuzzy Switching Element, the Optimisation Problem is solved by the Genetic Algorithms.
The method to tuning the parameters of the Model Predictive Controller based on Lyapunov
stability theorem is presented in this paper. These tuning parameters are the weight coefficients
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of the costfunction. These coefficients are tunned to bring higher control qualities and guaranty
Global Stable System (GAS) for the closed system. Simulation results show that the proposed
controller can be applied for uncertainty nonlinear plant.

The paper is organised as follows: The description of MPC based on Fuzzy Model and
Genetic Algirithms is section 1, Takagi-Sugeno Fuzzy Model and Genetic Algirithms are
presented in section 2, The method to tuning the parameters of the Model Predictive Controller
based on Lyapunov stability theorem is section 3, The simulink and results are presented in
section 4, Conclutinons are in section 5.

Keywords. Model Preditive Control (MPC), Robust Adaptive Predictive Control (RAPC), Takagi
- Sugeno Fuzzy Model (TS), Fuzzy Inference System (FIS),Genetic Algirithms (GA), Branch
and Bound (B&B), Single-Input and Single-Output (SISO), Multiple Inputs-Multiple Outtputs
(MIMO), Global Asymptotic Stable System (GAS).
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