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Abstract: A nev M andani fuzzy model predictive control strategy based on max-product inference isproposed in or-
der to control the Heating, V entilating and A ir-conditioning (HVAC) systans A n expression is obtained via the
structure analysis expression of theM andani fuzzy model Then the fuzzy linearization predictive models at k+ 1
sampling instant and at P horizon predictive output are designed Finally smulation results show that the proposed
fuzzy model based-on predictive control gpproach is effective for HVAC systens temperature control Compared
w ith the conventional PD oontrol gpproaches, this fuzzy model predictive control gpproach has the advantages of
less overshoot and shorter setting time

Key words HVAC systans M andani fuzzy model; Predictive control; L inearization

(HVAC ) )

, HVAC )

Richalet
14 (5]

HVAC . )

,PD e

: 2005-09-19; : 2006-01-04
(031B5147).
(1978—), , ; ; (1959—), :



12 HVAC 1413
i,j= 1,2, ,N. (2)
(61, K, (1)
: 78], uk)  y(k), iji- J< i
, <J- 1, y() [is, (i+ 1)S],uk) [jS,
T akagi-Sugeno W, T-s (j+ 1Sl v (k) A Awgu(k)
, Bi Bij+1, uk) y(k) 4
.M andani max-p roduct
: , (2 k
ym(k+ 1) =
; (i+ j+ 1S+
m ax-p roduct M an- 25 [uk) - (j+ 05)S1+ [y(k)- (i+ QB5)S]H
dani , , Zsth |y - G+ a5)S]- [l - G+
HVAC Q5)Ss]|sF 2[y(k) - (i+ a5s][uk - (j+ Q5s
(AHU)
ym(k + 1) =
2 (i+ j+ 1)sS+ Ky[y(kk) - (i+ Q5s]+
, Ko[u(k) - u(j+ Q5)s], (3)
' M andani
, Ky= Ku=
252
, ’ f 22+ |yw - G+ 05)s]- [ul- (+ J
Q5)S]|F 2y - (i+ a5s]uk) - (j+ Q5)s
(4)
u(k) (k) | o (@ s
’ ® '
¥, (k) IR i ym(k+ 1) = Kyy (k) + Kuu(k) + C(k),
Ck)= [(i+ j+ 1) - Ky(i+ (5)
1 Q5S- Ku(j+ Q5)]s
Ck)=y(k+ 1) - (Kyy(k)+ Ko(k))
y(k+ 1) = £y k), uk)). (1) max-p roduct M andani
tuk) oy (k) k (2) : :
() (1) k
e (5). , (5)
, (1) M andani 3
F(y (k),u(k)). ; '
Ai,Bj,Ui+j
[} N)’
m ax-p roduct J= Zl (ym(k+ 0) - yelk+ 0))2 (6)
tol N=2+1s=2/(N- 1= 1A. yik+ ) (i= 1,2, Ny
Ny .
Rij: If y(k) isAiand u(k) isBj, u(k)= uk+ 1) = = u(k+ N,),

Then ym (k+ 1) isU+j,



1414

21

(5) : Ny
Y (k) = PX (k) + QU (k) + RC (k). (7

Ye(k) = [yk+ 1), ,y(k+ NyTT,
Y() = [ym(k+ 1), ,y(k+ NI,
X (k) = [y()],U (k) = [uk)],

P= [pypz ,pn,]',pi= Ky,
i- 1
— T = q
Q= [an,q, ,a] a= (Zle+ K.,

i- 1

R = [rr2 ,rNy]T,ri: ZK§+ 1,
-1
. N,

i= 1,2,
d/ak) =0
Uk = [QQ]I Q'[Y- PX (k) - RC(k)]
(8)
u(k) = U (k) k
Ny (N«
N.u< Ny).
u(k+ N = uk+ Nu+ 1) =
= u(k+ Ny),
XK= [yk), ,ykk- n+ 1),
ukk), ,ukk- m+ 1],

U k)= [u(k),ulk+ 1),
Ny
Y (k) = PX (k) + QU (k) + RC (k).

Juk+ Nu- 1)1

I P P12 Pit+m- 1)
b= | :
PNy Pny2 PN, (e m- 1
[gu 0 0 0 |
Oz Qe
0% Loy o o M|’
Lovyt Ov2 Ohys N
R= [ryr2, ]
(6),
Uk = [Q'Q] Q[Yr- PX (k) - RC(K)]
k
uk) = [1 O o (k). (9)
.k
u (k) , (2)
ym (k+ 1).
k+ 1

y(k+ 1)

e(k+ 1) = y(k+ 1) - yn(k+ 1). (10

ym (k) + he(k + 1) (12)
h
(1)
1)
m ax-p roduct M amdani (2).
2) k
, k
(5, P (7).
3) yr(k+ i)
P,Q,R , ® (9
u(k), )
4) y(k+ 1),
(10 \ (11) k+ 1
2).
4
4 1 M atlab
HVAC AHU
T a0 AHU , y (k);
M chw , AHU
u (k).
Taw=f (mchN,m'a,Tai,TchNi).
o f AHU
, M chw ,Ma , Tai
, T awi
HVAC
M atlab 7 0
AHU
AHU 1
2 .
J= 2 N=21+1=5
4+ 1
T= 1min,



12 HVAC 1415
1
ym (k+ 1) y (k)
NB NS 70 PS PB
NB NT NB NM NS Z0
NS NB NM NS Z0 PS
u (k) Z0 NM NS Z0 PS 2\
PS NS Z0 PS PV PB
PB Z0 PS 2\ PB PT
g3
71
§ 4 HVAC
g 25
E os
(=
§ MW*-MW
g o S 24t
-1
23 1 1 1 1
2 AHU 9:00 11:00 13:00 15:00 17:00
Ny= 201 Nu= 10, t= t/H
1 3 (@
, PD
3
N
I\ e PID $a
i
2 [\ BRI
I_l Lo =~
e / 23 . . N .
\\4/'7\ 9:00 11:00 13:00 15:00 17:00
% 5 10 15 1H
/min
(b) PD
3 AHU 5 AHU
1 max_ .
product M amdani Ry ify(k) = Pandu(k) = P
, Ta then ym (k + 1) = PB,
: 4min ’ Rz ify(k) = Pandu(k) = Z
PD then ym (k + 1) = PS,
' ' ' Rs: ify(k) = Zandu(k) = N
’ ’ then ym(k + 1) = NS,
' R4 ify(k) = N andu(k) = N
ARU then yn (k + 1) = NB,
4 2 HVAC .
Rs: ify(k) = N andu(k) = P
HVAC
( A | then ym (k + 1) = ZO.
’ P,N,PB,PS,NB,NS, Z, 70
HVAC .HVAC
3 3 3 12
3 AHU . ( ’
., HVAC AHU
) VD
’ 5 ,

24 2



1416

21

PD ,

HVAC

, max-

product M andani
M amdani

HVAC )

' HVAC

PD ,

(References)

[1] Salsbury T | A Temperature Controller for VAV A ir-
handing U nitsBased on Simplified Physical M odels[J].
HVAC & Research, 1998, 3(3): 264-279

[2]BiQ, CaiW J, Guo Q. A dvanced Controller A uto-tun-
ing and ItsApplication in HYAC Systens[J]. Control
Engeering P ractice, 2000, 8(6): 633-644

[3]HeM, Caiw, LiS M ultiple FuzzyM odel-based Ten-
perature Predictive Control for HVAC Systems[J]. In-

f omation Sciences, 2005, 169(1): 155-174

[4] Richard Thompson, A rthur Dexter A Fuzzy D ecision-
making A pproach to Tenperature Control in A ir-condi-
tioning Systems [J]
2005, 13(6): 689-698

[5] Richalet J, Rault A, TestudJL, et al M odel Predic-
tive Heuristic Control: Application to Industrial Pro-
cesses[J] A utanatica, 1978, 14(5): 413-428

(6] ,

Control Engineering P ractice,

[J] , 2005, 20(2): 152-158
(Fan X P, LiY. Design and Stability A nalysis of the
A daptive Fuzzy Controller for T raffic Signal Control
[J] Control and D ecision, 2005, 20(2): 152-158 )

[7] Teeter J, Chow M Y. Application of Functional L ink
Neural Network to HYAC Themal Dynamic System |-
dentification[J]. IEEE Trans on Industrial Electronic,
1998, 45(1): 170-176

[8]LiuX F, Dexter A. Fault-tolerant Supervisory Control
of VAV A ir-conditioning Systans [J] Energy and
B uilding, 2001, 33(4): 379-389

[9] Cao S G, ReesN W, Feng G U niversal Fuzzy Con-
trollers for a Class of Nonlinear Systens[J]
Sets and Systans, 2001, 122(16): 117-123

[10]LvH L, JiaL. Structure A nalysis of Typical Fuzzy

Fuzzy

Controllers U sing Different Fuzzy Reasoning [A ]
Proc o the 5thW orld Conf on Intelligent Control and
A utanation[C]. Hangzhou, 2004: 2561-2565

( 1411 )

[11] Duan J, Sealey CW, Yan Y. M anagingBanks Dura-
tion GgpsW hen Interest RatesA re Stochastic and Eq-
uity HasL imited L iability[J] IntReviev of Econamics
and Finance, 1999, 8(3): 253-265

[12]

[J1 , 2001, 20(2): 45-48
(zhang Q, Jing F Research on the Application of
Tem-structure M odels in the A sset-liability-m anage-
ment Problen [J]. Forecasting, 2001, 20(2): 45-48 )

[13]

[J1 ( ), 2003, 16 (5):

524-527
(Zuo H. M acaulay Duration Ggp M anagement and
Flux Ratio A djustments in a Condition of Interest Rate
Change[J] W uhan U niversity o Technology (Social
Science Edition) , 2003, 16(5): 524-527 )
[14]Chi G T, Xu C, Li Y X. Optimal Decisionmaking
M odel of A sset-liability Portfolio for Banks[A ] Proc
o 2000 Int Conf on China Joins theW orld TradeOr-
ganization [C ] Shanghai Shanghai Scientific and
Technological L iterature Publishing House, 2000: 67-

73



