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J(k)y = X U L(x(k) u(k), i = 1,2,3
(15)
s, RN kO S FTREES 2, N g T
B, — AT s (21 k) FR 20T k 2R &+ 0 1
ZIEAE , X CR® Al UCR® 43 H e R34 i g
HlA R ES, FEZ Histibi @ (14) i i
PLfi 2 & XAE Pareto %ﬁﬁ@%‘tiﬂ:ﬁg, i# % Pareto
RAOUIEAME— eI R R T 22 H AR E S 8] A
Pareto iy, 2 Y4HTHS 21— Pareto Hf fb45 il fit
FFo (k)R
(k) ={u"(0lk),u" (11 k), u"(N-11k)|
(16)

WA H bR s, A A R (14) AT 47, B
JP3 3 (16) 4776, M oy MPC V& 3f i S5l Ji 2 ] LA A5
B TP ) #85% Ay

u™ (k) =u" (01 k) (17)
Horpu™ (01k) JFs)(16) IS — P IT R,

1RGERYPRIE R GEAE I A28 T VA s Ak W I A
P B 8 1 SR BT T 2 s = R SR, B2 AR
iR B8, 25 i 29 AR RN 2% i Jeg IR 2 B 5t 4
U AR R T 8 5 A R IR S R
P g R AT A RS x (V1 k) SR 380 24 g 24 TR
£, 454 Laypunov e HEHLS W] LMRIE R S AET
B S BRSPS R AR AR A
ARG BT, R e TR de vt M
KB IE WICHK [ 14 ], SR 24 28 5 P RE 45 A

A (12) e R AL HF RS R Z L,

X RER A DRIIE R R PR Y 2 sy — R AR A
TR RIRRAS AL, S B il 48 A rTATME AN AR 2 1k 25
Ko

ASCE ARV — P TFIERE AT 22 1) CFBB JA%E
AR 2 H AT B 45 5k AR R TR A A
AU el R T LS R R ER TR R R b A
AEBUERINE LT, BRAERE ) & 00 nT AT PR R E 1, 2
S CFBB #Ake R G AE A RS A T 00 KRIRRE
BT MATHEETT,

3 T Z %M Mo-MPC & 4| 2% it

WHE G HAR T, ~ T, BA 7 E R A [H]
e, TP AL Tr 12 2 AL B e 2 2 H Al i
A2~ AL FERFFHRIF £
PRI RS 4%

T 55E L CFBB MBS R I L 2 05 AR S s %
JE CFBB JRBE R GE A (9) A IR AL B 22 8] ) ~F-
KERMEE R EOR AR R G A 255 F
87 1 AT LAIE SR A DA Ak )i

L = (Tiil)%Lz(x, u)l x = F(x,u), (10) |

(18a)
x=F(x,u), (10)}

L(x,u) <L,

L~
|

- min{Lg(x, u)
(x,u) | 7

(18b)
135 CFBB BB B A A S PR R S
x =F(x,u), (10)}
L(x,u) <L,
(18¢)
R TR AR BT RROR W L
AR L, = L7 EEERH L <L +e, &,=0H
AN €/ A S R A W Y = e W el ) S ES AN
AL B i F P AR E Wiid R L< L . H
F(18b) AN, RS SR AR AR T 3 R B M, 2
M “ZALET, CFBB AR R AR AS TOLR 2 ol Ar ,
T A = ER B2 T T R 5
e RR . A SCHE R il 2 T H s, 5 )
LR W x(N-11k) =x(N1k), & XkEs
R AT AT AR AT

(x,,u) = arg (min){L3(x, u)

— 1111 —



ORI 2021 £ 10 H 4531 45 4510 1

C(k) =

x(t+11 k) =F(x(tl k), x(¢t1 k))
x(t+11k) e X, u(tl k) eU
x(0l k) =x(k),t=0,1,---, N-1
x(NI k) =x(t =11 k)

k) e U

(19)
K, U TR N 554 U KR,
FH TR A RS H bR s B
Li(k) = [lx(tl k) —x(N-11k)[I5
+ lx(N1LE) -x (|6 (20)
H, @ il @ 8 E &M, 3T 7l )F i ik or
%, CFBB A% i 72 nl AR 25 3% P BE Mo-MPC {1t 1k 4%

SR
I = rp(glu;m | I'(k) e C(k)} (21a)
= min 1oy [T € €6 (21b)
Pk J (k) < J7 (k)
I'k) € C(k)
Ji = mingJy (k) [T, (k) < J\" (k) (21c)
L(k) < J; (k)

Hop g7 (i=1,2,3) 2R H AR o500 S5 018 R 8K,
R4 7 U7 O AL R B, 1 3 fE 1 5 s A5 3] 1) - L
AR
I'(k) e C(k)
I (k) = argminqJ; (k) Ji (k) < J;" (k)
L(k) < J, (k)
(22)
S A A A > s SORT L AL i 51
L (22) AT [ —F T 45 HAR RSB Pareto
A, TR AE— 1), {0 H bR i L {E )2 Pareto
AUV AME— 8,
HRAE MPC IR S fb R B, A8 28 35 1 BE Mo-MPC
Pl gt
u™ (k) =u’ (01 k) (23)
Hortuy (01k) R U el 5128 (22) 156
—ANICEK ISR A CFBB BRBe 1 72 A PH 3642 1
%\é‘b:
x(k+1) = F(x(k), u™ (k)) (24)
b, CFBB #h%8 5 R A8 48 B 1k AE Mo-MPC 42 il 35

— 1112 —

e SE LR

$E1 BESH(N, @, 0) ;% k=0,

HE2 FIWT YR %) MR e,
KA IR (18) 15 B R AT (x,, w,) , I8 H R
PREL T, RN IR 3

HB,3 R YHPRE x (k) W0 N BT
IR ) R fi

S|, 1 RFE -2 n L (21a), 5
FEHFH (k)

SE3.2 KMAE 2 A (21b) , 15
NPT L, (k) ;

$E]3.3 KA (21c) BB HF
SIS (k)

$B,3.4  HiE Mo-MPC AL I (21) B F
PRSI S, T (k) =T (k)

SW4a (. (b WENITEEMT CFBB %
BeSLPR ARG (9)

$BS Sh=k+1 RN,

14311 CFBB #A%% R G078 2 U M Mo-MPC 451
TREEE 1 FR

VIR SEHEF L, J)

v
TSI E:
(x,,u )=argmin{L3(x u) x=F(x,u),(lf))}
o (e L u) <L
v i
|—>| SIS BRI Q1)
Fi| (0 F F>
1§
i SRk /U TR
8] Al % iR | R
+ ! v

CFBB #keid 2

E1 FTEFIEEE Mo-MPC FHISBEHTER

4 HRERERG M

FFISCHR[ 25 ]t CFBB JAbS 2 Gk Al | i Al
SRNE 1,

VISRAERIE] T, =1 s XFiE2emt A 24K (8) i
FTES B b B TS N = 8 ; 7, Hh A I 2 A o



T {EIESE ; CFBB #Abeid e AL 2 B VR RE 2 H AR T 2 ]

£ 1 CFBB #ESHEE

24 BE S8 HE
V/ke/ kg 128.1 T,/K 573
te/s 50 ¢/1/m’/K 1305
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C,/Nm’/Nm’ 0.21 C,/Nm’/Nm’ 0.21
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A 0.0179 15.5025 15.5204
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Multi-objective predictive control of CFBB combustion processes
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Abstract
Aiming at the combustion process of circulation fluidized bed boiler ( CFBB) with complex characteristics such
as non-linear, multivariable coupling and constraints, considering its multi-objective optimization control problem
with changing economic criterion, a multi-objective model predictive control ( MPC) strategy with changing eco-
nomic criterion is proposed. In order to ensure the stability of the CFBB combustion process under steady-state con-
ditions and the economy of combustion after the economic performance criterion changes, the positive definite auxil-
iary functions at the optimal economic steady-state points are introduced and viewed as the highest priority goal, and
then the set-points tracking target of the boiler bed temperature and the goal of combustion economy are considered.
Furthermore, applying the generalized terminal constraints, lexicographic multi-objective optimization and predic-
tive control principles, a multi-objective model predictive controller with changing economic performance is de-
signed for CFBB system. Finally, the feasibility and effectiveness of the strategy proposed in this paper are verified
by simulations.
Key words: circulation fluidized bed boiler( CFBB) , multi-objective control, model predictive control( MPC) ,

changing economic criterion
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