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Fuzzy predictive control based on T-Smodel
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Abstract: A fuzzy model based predictive control of nonlinear system ispresented T-S fuzzy model is identified by
fuzzy clustering algorithm, and its parameters are self-learning online by selective recursive least square method

T-Smodel is linearized to be time-varying system, and thus nonlinear optimization problem is turned to a quadratic
progranming problen. Consequently, two major difficulties in nonlinear predictive control to obtain accurate
nonlinear model and to lve nonlinear optimization problen online are lved The smulation result on pH
neutralization process show s the effectivenessof the proposed method

Key words fuzzy model; fuzzy modeling; predictive control; nonlinear

1 H
20 , (1, , ,
[3 5]
, [3] ,
[2]_ ,
, 1) : [4]
; 2) , ,
, : [5]
[3]. ,
. 2004-06-28; : 2004-10-08
(60474034);
(1974—), , s , : (1941—), ,



496 20
Tes Mik = "¢ 1 ) , (9)
- (8] ik/bjk)z (m- 1)
Z (uik)mZk
Vi = N . (10)
Zl (ki)™
) Llik(Xjk- ij)2
5 T-S i = N N (11)
21 T-S Zl
T-S
Ri If x1isAuand xzisAzand  and x isA o X = [xixz x],
Thenyi= Bixi+ Bx2+  + Bxn (D) y= [ynyz ywl,
‘R, i X A W= diag(uu, Mi2, , Hin). (12)
8= [XWX] XWiy. (13)
Aij (Xj) = exp(- _%' X] -Oizjv” ), (2) 1) c, m
Vij (0] €> 0
Gustaf on-K essel (G-K) 2) A, (4)
T-S i ;
G-K 3) (10)
c N 4) (5 (8 ;
J (Z, A,V) = Zl Zl (Hik)mD i2k. (3) 5) (9) A,
2= [21,22, ,2n] JA = [pi]exn 6) I A- A" < €
Vo= [vi,ve, V] 3);
i C N 7) (11)
m D i i k 8) (13)
T Hik k i 22 T-S
Hik [0, 1], Zluik: 1,0< Zluik< N. (4)
i k
Di= Il zi- will ,glz (z« - Vi)TAi(Zk' vi).
(5
Ok+ 1) =
Ai= (Pdet(F))Y"Fi? 6 8K+ Pikk+ D@yk+ 1)- x"(k+ 1)8(K)),
pP= det(Ai), (7 Pi(k+ 1) =
1 Pi(k)x (k+ Dx"(k+ 1)P;i(k)
. AP - T ks DR (xk+ 1) 19
_Z (i)™ (z« - vi) (z« - Vi)T A LA
Fi= =L . (8) A= 1

i (ki)™



5 T-S 497
, , ny+ ng+ +np+ p+ 1 ‘
wi(z(k)) = H Aj(zi (k).
T-S
23 T-S ¢
T-5 ZWi(Z(k))Yi(k+ 1)
’ TS yk+ 1) = = . (18)
’ ' ) wi(z(k
Zl (z(k))
L yapunov
T_S [8] X (k) = [X (k) ’ X (k - 1) ] ]
b . T
M 190 ., T-S x(k- ny)l, (17)
R: ify(k) isAbandy (k- 1) isAiand and Yk =[x ()1, (18)
yk- n)isAl and us(k- ta+ 1) is T-S
Ab - -+ 1) '
.y 1 and and ui (k ta1 N1 ) is X (k+ 1) = AX (K) + Beu(k),
A :1y+ ng+ 1 and and Up (k - tep + 1) is Y(k) = CX (k) (19)
A Ly+ NN, gt p and and Up (t - tap -
np + 1) iISA iny+ Nt ngt i & §ly §|y+;
Thenyi(k+ 1) = aoy (k) + aiy (k- 1) + 1 0 0 0
+ any(k- ny) + brous(k- ta+ 1) + A= 1 0 0
biaus(k - ta) + + bil,nlui(k - v
: L0 O 1 0 - o+ nx o+
tr- ni+ 1) + + bpoup (k- tep+ 1) + -
. rl_ rL '711+ +np+p
b, 1up (k - tap) + +
i 0O O 0
bp,npUp (k - tdp N np + 1) B kK = . ) .
P y Ny , N, , Np Lo 0 0 (ny+ 1)x
: tdl, ' tdp (nl+ + np+ p)
Ck = [1 0 0]1>< (ny+ 1).
3
y(k) = [y®,yk- 1), ,yk- n)],
31 T-S
u(k) = .
[Ul(t- tan + 1), ui(t- ta), [7]
ur(k- tar- nmi+ 1),u2(k- tz+ 1), '
U2(k- tdz), ,Uz(k- taz- N2+ 1), , '
(8]
Up(k- tap+ 1), up(k- tw),
Up(k' tap - nNp + 1) ]T, ,
z(k) = [y(),u(k)], a= [ao,ati, ,aLy], ,
B = [buobr1, ,bin, ,bpo o1, ,bonl ,
T-S i ’
Ri: If z1 (k) iISA Il and and Zny+ Nyt gt p+ 1(k) ’
|SA Ly+ ngt o+ np+ p+ 1, ’
Thenyi(k+ 1) = oy (k) + Bu(k).
T-S 32 T-S
c c \ x (k+ j/k) k
Zwi(z(k))(xi Zwi(z(k))ﬁ K+ , (19)
5= = n= = (15)

S wi() |

S W) |

y(k+ 1/k) = Ce Ax (k) + Ci Bru(k),

y(k+ 2/k) =



498 20

Cir A ke A kX (K) + Cir A ke Bru (k) +

CuBrwu(k+ 1), Y = Gx (k) + FU. (21)

Y= [ykk+ 14k),yk+ 2/k), |,

y (k + Ho/k) =
y(k+ Hp/k) ],

Ck+:lAk+Hp» 1 Ax (k) + Ck+HpAk+Hp» 1

Ck+]Ak
A Bru (k) + + Ck+HpAk+Hp-l
Cr+ A k+ 1Ak
Ak+Hc+]Bk+HCU(k+ Hc). (20) G= . y
. (20) ConAwn .1 A
Cw+ B« 0 0
Crr A+ B Cur Brr1 0
F = . : : . (22
Ck+HpAk+Hp-1 Ak+]Bk Ck+HpAk+Hp-1 Ak+ZBk+1 Ck+HpAk+Hp-1 Ak+Hc+]Bk+H
U= [uk),uk+ 1), ,uk+ H)I]. (23 ;Q R :
33 ; Ymax
Ymin,AUmax AUmin,Umax Umin
J= T- VO - Y)+ AUTRAU '
2 ’ (24) AU ,
St Yan< Y < Yma, Unin< U € Unmax, U , (21)
AUminS AU < AUmax. (24)
v Ny AU Y= 6x(K) + FilU + Fau(k- 1. (25
[ Ck+:IBk O
Cur2(As Bx+ Bie1) Crr B+ 1
Fi= : : .
HC HC
_ck+Hp(ZOAk+Hp.1 A iv B i) ck+Hp(ZAk+Hp.1 A v B i)
0 0 ]
0 0
Ck+Hp-ZIAk+Hp-2 Ak+HCBk+HC-1 0 , (26)
HC
Ck+Hp(i:ZC»1Ak+Hp-l Ak+i+]Bk+i) Crrtt Ak n -1 Ak+Hc+:|Bk+HC_
Cho B minJ = min('i‘AUTHAU + TAU),
Cw2ABr+ Bre1)
. st
F.= 27 _ _ - e
’ ] (27) F. Yma - Gx (k) - Fau(k- 1)
Ck+Hp(zoAk+Hp_l Ak+i+]Bk+i) - F: - Ymin + GX(k) + F2U(k- 1)
L - I AUmax
AU <
| - AUmin

(27)  (26) (25), ;

| Umax - U(k- 1)
- - |- L - Umin + U(k- 1) .
(28)




499

5 : T-S
©H = 2(FIQF1+ R),T = 2(Gx (k) + Fau(k
- 1) - Y)'QF.
4
pH .
Q (k)  pH (k) k pH
: Q (k) pH(K) k+ 1 pH
T-S :
Ry If Q (k) isAiandpH (k) isBu,
ThenpH (k+ 1) =
Q 012 0Q (k) + Q 901 2pH (k);
Rz If Q (k) isAzandpH (k) isB,
ThenpH (k+ 1) =
Q 107 Q (k) + Q 692 4pH (k);
Rz IfQ (k) isAsand pH (k) isBs,
ThenpH (k + 1) =
Q 138 0Q (k) + Q 813 2pH (k);
R4 If Q (k) isAsandpH (k) isBa,
ThenpH (k+ 1) =
Q 077 2 (k) + Q 915 7pH (k).
Ai Bi(i=12 ,4 , 1
1.0 p
A a
% 0.6 l &
#
02t
5 1I5 25 35
Q(k)/(I/min)
(a)
1.0
it
M 0.6
e
02+
3 5 7 9 11
pH (k)
(b) pH
1 pH T-S
T-S ,
Q3347 2
T-S
pH
4, 2, 1,
Q 2, 12, 0,

BT
10 A M A pa
w8
T 6
4}
, L mEm
0 150 350 500
t/'s
2 T-S
2, - 21
, PD
pH .PD
6, Q 3 Q 01
3
PD . ,
pH , PD
12 240
i s r/
i 1D #iyth
%- [\J -ﬁj B
4
E— TR i1} L
0 \
4] 2 4 6
t/10%s
3 PD
5
T-S
T_
S 1]
; T-S
, T-S
. pH
(References)

[1] . M ] : , 1993

[2] Henson M A. Nonlinear model predictive control:
Current status and future directions[J]. Canputers and
Chamical Engineering, 1998, 23(2): 187-202

[3] SarimveisH, Bafas G Fuzzy model predictive control
of non-linear processes using genetic algorithms[J].
Fuzzy Sets and Systans, 2003, 139(1): 59-80

( 504 )



[4]Huang Y L, LouH H, GongJ P, et al Fuzzy model
predictive control[J]. IEEE Trans on Fuzzy Systans,
2000, 8(6): 665-678

[5]Abonyi J, Nagy L, Szeifert F Fuzzy model-based
predictive control by instantaneous linearization [J].
Fuzzy Sets and Systans, 2001, 120(1): 109-122

[6] Gustafson D, Kessel W. Fuzzy clustering with a fuzzy
covariancematrix[A ] Proc o IEEE Conf on D ecision

504 20
350 , RBF
\ H
2 250 -
150
0 10 20 30 40 , ,
ok 4
(a) (References)
0.4 [1] , , . [J]
W A l\ /\ , 2003, 18(2): 129-134
% 0 \" V A-A - (XieX F, ZhangW J, Yang ZL. Overviav of particle
5= W V \/\/v V svam optimization[J]. Control and D ecision, 2003, 18
0.4 (2): 129-134 )
0 10 20 30 40 [2] shi Y, Eberhart R A modified particle svam
s optimizer[A ] Proc IEEE Int'l| Conf on Evolutionary
(b) Canputation [C] Anchorage IEEE Press, 1998 69-
2 RBF 3
350 [3] shi Y, Eberhart R. Fuzzy adgptive particle svam
optimization [A ] IEEE World Congress on
2 559 {,,AAA MA AL \ Evolutionary Canputation[C]. Seoul, 2001: 101-106
= v oy VW VY (4] , . [J]
150 , 2004, 32(3): 416-42Q
0 10 20 30 40 (LvZS, Hou ZR Particle svam optimization w ith
POk adaptive mutation[J] A cta Electronica Sinica, 2004,
32(3): 416-42Q )
(@) [5] Fan den Bergh, Engelbrecht A P. Cooperative learning
0.4 in neural networks using particle svam optimizations
é“é o \/\ - AMA f/\ / A AA [J] South Af rican Canputer J, 2009, 26(11): 84-9(-J
;b’é' \/\j a4 U VVV [6] Onbaglu E, Ozdamar L. Parallel smulated annealing
algorithm's in global optimization [J] J o Global
-0.4 10 20 30 20 Optimization, 2001, 19(1): 27-5Q
L [7] M itsunoriM K, Tomoyuki H, Toshihiko F. Parallel
smulated annealing with adaptive neighborhood
(b) determined by GA [A ] Proc IEEE Int'l Conf Syst
3 RBF M an Cybern [C ] W ashington: Institute of Electrical
7 and Electronics Engineers Inc, 2003 26-31
[8] RobertJ S, Jansex J C, Ahmad F A. Approximation
PO of nonlinear systeansw ith radial basis function neural
networks[J]. IEEE TransN eural N et orks, 2001, 19
’ (4): 1-14
( 499 )

and Control[C]. San Diego, 1979: 761-766

[7] Fischer M, NellesO, Isemann R Predictive control
based on local linear fuzzy models[J] IntJ Systens
Science, 1998, 29(7): 797-815

[8] RoubosJA, Mollov S, BabukaR, et al Fuzzy model-
based predictive control using Takagi-Sugeno models
[J] IntJ Approximate Reasoning, 1999, 22(1-2): 3-3Q



