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Abstract: The simulated moving bed process is a typical hybrid system with both continuous and discrete variables.Based
on the simplified SMB process balance diffusion model, a new modeling method is explored and a kind of mixed integer

dynamic model is by using some approximation methods. A hybrid non-linear benchmark model simulation shows the

effectiveness of the mixed logical dynamic model.

Key words:

0 51 5

TR AR R G0 4 R I A7 L AH B A FH ) S 3 A
PR R SR R L, RIS B S L
HAF R FEIAF BAH A RIS R g, oA 2
It 1] 3 2 AR Ak, 52 25 B Rk AR BR S, DR TR 4%
RERBUH I IR0 R GAT 0. B, B b i A
KR RGN 2 T Z AR R A5
Rk ERE AT S AL RN & (B2, 145N
1R A — s FH TR A R 40 o B R il 28 v vy
TR NIRRT e — IR A% T R G 7T v HAH
RT3 AT AR T 5. TR AR AR e I i T A 00 Tk
PR 1) T B BT 57 2 45 (DEDS) [ g4 7
05, ALHE H B | 2 S AR R IR I Petri (45,
2) HETIEGA BB R Y (CVDS) AT 1%, s
Pl RGBSR & 1B 4 80 A RGBSR (MLD) 45121,

BERIAS 2l AR (008 3 125 A 7 4k 7R A 4[] e IR

%5 BHA: 2011-09-23; {&[E HHF: 2012-03-23.

simulated moving bed; hybrid system; mixed logical dynamic model; balance diffusion model

B R 8 5 A1 R L S A B PR 33 O 1 R B iy B
JEHE R — B R B HORDSL L H K 2 A0
AL IR, L AN WO B E AT R ] PR S B
WP A B B RIS BN SR8 03 2. h Tt e
DI A7 72, RGURATIESR B ORI A7 (1R
RS

14 1k, B N ARR TR A RGN B RS 3 R (5
IR B 23 B REREAT Rl R R R LD, FEBEHEZS T i3t
A5 T A 5 T R v R LRI A 1, AR SCET XS AU
P B IR GBI B 70 B IR, TR AR 2R 6 4 4 R S ST A
AR B PR LR AR s} o A P 4
IR ) R R GEAE A 2 — 2 il 73 77 R 41 i ok
Iy ARBT FEAL, 3 IX 2875 R ] T 38 4% I TR )
PR S T R 2, i HL S BB AT T e e
AN TR i T AF o0 2 A EA T IR R 1,
111y FLn] 2 =B, BEMARAS Lt B 4U 8 ) PR R 1)

EETE: EHx QR IEST H (60874057); H 58631 i1 H (2008 AA042902).
TEE TR 22%(1972-), L, @IEFz, Wi, NFRZRGEB . U1k LRSI kW Hooih957-), B, #

B2, WA, IS 2P R G T



300

K

& * % 28 %

SR P47 T ) 50 0 200 R 3 THT ) 425 L ()48 ) R 4. R 4%
BEAURS Bl R b PR A 25 R AL B AR OC R, H itk n]
DARAR B3 JLAF R I 5 1 S iR & @ 3 & &
4t (MLD). i 7 50 2 v A ORI (MIQP) 37 #iX
KARGANA ) B KA, BAT )72 1038 FH . R A
AL B R AL R4 TR A B s & R E X, 5 B
LA BRI AR AR 28T (W RS 2 DR o s AR
IR AT B 1.
1 REEBHIHSHEE A LTk
11 BREZEHSERER

S RERRGE S, B TIESER RS, EFTZ
ARG R, W RV Sy v g
AR B, RS A R AN S, T LUK
T 7 (B U T AR RS A (A ) A R g —
B AMEEAIHELE R, Bemporad ZEO4 H T MRS
BN RYE (MLD) (138 B, JFUERT T b R i)
P h i VF 2 1B B AR Ak 0T DU Al A X R — A
TE3. MLD J& — iR 2% R 45 v T 2 b A 1) By — Fof,
R S R R e % VAR DG, BE T IX R AL m LA
A 3 S A I RS 7R P 00 42 ) 25

RAEEHEDNERF N — R

z(t+1) = Az(t) + Byu(t) + B2d(t) + Bsz(t), (1)
y(t) = Cx(t) + Dyu(t) + D2d(t) + D3z(t), (2)
EQ(S(t) + Egz(t) < E1u<t) + E4.’17<t) + Ej. 3)

Horp: o ZRGNPIRG, EETESA R o MIZHA

T
|, z.€R", 2, €{0,1}", n Ang+ny;

=
H Ty, T=

Ly

y B, y = | Y | yee RPey, €{0,117 p A
Yo

Dot w R ESHIEN, AR TS IR ] e B A 12
%W%UMUlW]

Uy

Me +my; 6€{0,1}7 H 2 € R, "B 10 B R m i hiE
LA R A B A A
1.2 BREBENISEINBESE

A 12 45 B AR T (AR B ARORE 1) P B A
PR W RIHRAE L RO RER 1) R 4, AL @RI 7890 %
BT RGNEVER IR KW, T n il Ly
B,

Step 1: X RGP KB L o | 58 PRSI g AT
i 2 A, S, 1) B O 4R AR 5 6,{0, 1} KR,
WA BN TR S8 — . 7@ 55K a0y

; Ue € R™e, uy, € {0,137, m A

S1, 8, -+, Sq He N B A i L, JF R 0y A . 1t
AZHE 01, 0a, - -+, O ZIAIAPEERLEMEASE TR K

Step 2: 12 H AR B M AL AR b 2 W) (R 15 0 R n]

MR BINES AL R Z = 6 f (v) B, HRH T
K PR ek B 5 1B R AR R 2 [R] IF) SRFR O R e Ak TR
BB MEA S X

Z < M,

Z = md,

Z < flx) =m(1l —0),

Z > f(x) — M(1—90).

Hr: M = max f(x), m = min f(z).

Step 3: H4 il i DL b 343 B A X LAE N &R
G LI IRAT, T RS T R rh g | NI A 5 1 4l
AR Ht, DA 28 G 1) A 3R A 18 A TR A 18 B ) A AR R
K, sl (1) ~ 3) P,

MLD #ER AT — vk, & TR 1V 2 2880
ENARGE. WITVE A RGN T /IR B A — 5%
—HIRESE A, A AT B D 4 5 LR BB, ek
HREY, W RGN G
1.3 ESZEMTRERMESFE MIQP 5%

XF T 2R GO (¥ — A I A (R SR R Y
(R E P, RIS 5E 2 (to) M u(to), W () FHy(t) B
BUZEAE BE A E— i . X TR R GATAE AL
TR P 0 BEAC AT, AW, FHA) A AT I B SE R G T 3
H I R GERR OF A& 2D B0 3 X E LAY R
T ARSI I [R5 PR K.

% LA EE IR A% R S8 MLD B2, Jf B e A Y
S RE I, W MLD 2 48 (1 B e 428 1 o) R P S i
BRI RN vos KB 2]t ML xp, TR
BAAREEHF I v = {u(0), u(l), -, u(t — 1)}, {EFFLE
BT AN, RGP zo H 2 ¢ N %1 2%
Ay, HATWF IR BPEREFR bR I/ MU:

J(ug_lv JUO)

Z =6f(x) & 4)

T-1
> Allul) = uglly, + 15() = 65115, +
t=0

12(t) = 2¢ G, + () — 24 l1%, +

ly(t) = yrlig, (5)
[ IS 536 R L R4 (8, 20, ug 1) = 2y FIZR (1) ~ (3).

wpo iy, by, 2y R RGITRE 3), HLABH R A
SR,
UENOLIEE
x(t) =
t—1

Alzg + > A'[Bju(t —1— i)+
=0

Byd(t —1 —4) + Baz(t — 1 —1i)]. (6)

- uN (T -1,



2

& R F: B RIEGRERGERS X 301

A=1[5T0) §t(1)
v =[z1(0) 2%(1)
y=[7 AT w1t
B (6) fRA (5). (2) Il (3), e T | #sn] 15
min y'S1y + 2(S2 + 2(593)7,

- ST -1,
- 2T - 1),

o < Fy + Faxp. )
17 S0 75 £ 98 M K — ) MIQP 1 S 7 5y
min 0.5z Hz + fTz, (®)
VAL FREASD B LS
Az < b, Acgz < beg, vip < < Uyp. €))
WA AR,
H=2x%8y, f=(2%(S2+a)*8S3)),

A=F, b= Fy+ F3xxg.

¥ (1) o E = (8) KB, IFli AL LY R4 AT
sk, TUET DA T MIQP i 8 28306 4T 5K A
2 ETRAZESEE RS S)

PRAG Y 382 ST

BT LR A 08 4R B BUE @ R S KR,
T N AR RS B R I AR ) MILD AR, ] PR L,
TR IURS Bl R R GE R AR vE IR DU [X 25 4.

EEXE A SY (i = A, B) R PA 4 B, Hofn,

i) TR
9C; 9q; _ 9C; 9°C;
ot "0 T Ty TPwigas (0
SRR P AR 2 T
— HC,. 11)

b 6 = (1—e) /e M EWBARLL, H, Dy i 455 17 Al
¥ 30 (1) £RN (10) I,
aC; up, 0C;  Dgapi 9°Cj

o~ 146H, or " 1+6H o2 P

Qr +Qp =Qr+ QE, (13)
HPQp,Qr,Qr,Qr N 4NN E.

20 (12) A1 (13) A o AT BT 20, Tl 8, %)

PDAE #2 J7 FR AT B HUA LU R PRI 7 1%,

JIE T (B IT V) SR AT IR 22 43 7 AR

2 [ B, SRS AT I (R FA 4

D515 2 (4 B AR 7 v): 1 de S 1) AR kAT R
O PR ZE 20 B A, SR 5 0] I TR) AR S AT IEAS L B
B TG 5 ¥ AL, %0765 D71 1 AR G, TG W I TR AR
gy, VHEE .

R A B UL i, 1 Je o B 3 it —
i 3 25 ORFAH ) B O 80 Gl v 7 15000) 2EAT 0
A PR 2 5y B LA, 1A 8 5 I NS R R 6 T S

PR AT IR, SR IS e e A

Cin Cia
Ag 2 — W M - 2 +
CiN+1 CiNt1

Cia

Dap,i Ci72
Trom, c (14

CiNt1

R R R MR BE N A Bar R AR B AR S, X)X

(14) 1) s () AR S R AT 1E AS BC B A R e 7 vk B, v
DI FLE B Rl

z(n+ 1) = Az(n) + upBz(n). (15)
B A = 2 N B =~ Mo U
i 2L 5 % 5 0 B R I ﬁi‘% kAN

WIS AH L IE, ur = Qr/Sa, Sa A 500 A (1) 4 4
A, QuAFEN AR, k=1,2,3,4, 77 5P 7 FEA
SRV 8 R AR Qp He AN R, H Qr, QR
Qp, Qp K. XFEAE AT LK HAN K 12 5 4% 55 n B Ak
B, R AL B AN S XA HOE X, Bk s iR &8
WA
3 iEFR

h T B UFARAUL RS B R I AR MLD #5578 1) 7 BH A3 3%
P, K SCHR [7] 7 ) Benchmark #5875 3547 477 2255 #.
Benchmark 58 B A7 I L ARA8AS L ARGk, v LA
FIR IR G54 D)4 IR BRAR | Pa*f*ﬁl SEARLFE T A5 R
ARA G

0.8

! YRR
0.6 {-------4--- Jl[‘

0.4 f------1 R T
\‘ mmq: fBuwz
0.2 N |
|

W

G *'.*1'41» § ..
. _|"-. Y ,"“ AV ;-_)' S '-\‘ W \..n' )" ) \,
h 1
| |

0 05 1 15 2
t/10%s

B 1 REUARL OSRRETL

1.4 \ ‘
%%WW@%B%%F

!
w\f\r\r\ T e

1.0———%{ Al
I/ : : ‘

i | S
0.6 Hhwemmdmmmp et it
| T IV |r' ! ol 4 W

W

hoil J !
0.2 Hf 77777777777777777777

15 2

1/10's
2 RARHOLHRETL



302

* e 28 &

B RE 240 148t T R SE Wi 443 th VUK B 1
AR LS, AT 245 0T LUt i R P (7 B 1
SR A B A I 72 A B A R B AR S /M B AR B
AR, TR AR FEE U 5 2 AL S 5 B D196k Fr 434, 6
A R 1 U S BT84 1 85— 5 R B S 3k N R
IR IR
4 4 »

ASCNIRZR R G 4 B Hk, 32 R B B R )
AR ) 55— HE SR B PO RS B0 PR 1) 3 545 i 153
GEAS REICAE IR RS, SRR T — Fh B BB B 1R
B S oR 7 IR, el 0 BUSE IR IR IE T Tt v (KR A%
TR PRI 0, o BURS BhR I R 4 k) S5 R
P — 2 R S .

£ % ik (References)

[1] Schutter B, Heemels W. Modeling and control of hybrid
systems[R]. Berlin: Lecture Notes of the DISC Course,

2004.

(B35 298 W)

BB 2, GRIRR. — K2 AN 2 fan th I 45 45 R 48 I A
SEMEATI]. )5S PR, 2005, 20(5): 525-528.
(Qiu Z Z, Zhang Q L. Stability analysis of a class of

(8]

networked control systems with multi input and multi
output[J]. Control and Decision, 2005, 20(5): 525-528.)
XS EHE, BB BTl A BEALIN W R0 2 08 A I A
WA 0% Pl AR GUBE (D). P2 R 3R, 2000, 24(11): 1635-
1640.

(Deng W H, Fei M R. Stabilization of networked control

(9]

system based on multiple communication channels with
random delays[J]. Control and Decision, 2009, 24(11):
1635-1640.)
[10] Du Dajun, Fei Minrui. Brief survey and prospect of
networked control system[J]. Chinese J of Scientific
Instrument, 2011, 32(3): 713-720.
[11] Wang X, Lemmon M. Event-triggering in distributed
networked control systems[J]. IEEE Trans on Automatic
Control, 2011, 56(3): 586-601.
[12] Guan Z H, Huang J, Chen G R. Stability analysis of
networked impulsive control systems[C]. 2006 Chinese
Control Conf. New York: IEEE, 2006: 1160-1163.
[13] Zhao X L, Fei S M, Sun C Y. Impulsive controller

design for singular networked control systems with packet

(2]

(3]

(4]

(5]

(6]

(7]

(14]

[15]

[16]

(17]

(18]

[19]

Sebastian Engell, Stefan Kowaleskl. Continuous-discrete
interactions in chemical processing plants[J]. Proc of the
1EEE, 2000, 88(7): 1050-1068.

GuoMing Zhong, Georges Guio Chon. Analytical solution
for the linear ideal model of simulated moving bed
chromatography[J]. Chemical Engineering Science, 1996,
51(18): 4307-4319.

Guiochon G, Shirazi S G, Katti A. Fundamentals of
preparative and nonlinear chromatography[M]. Boston:
Academic Press, 1994: 89-624.

Guoming Zhong. Effect of the flow rates in linear, ideal,
simulated moving-bed chromatography[J]. AIChE J, 1997,
43(11): 2960-2969.

Bemporad A, Morari M. Control of systems integrating
logic, dynamics and constraints[J]. Automatica, 1999,
35(3): 407-427.

Mazen Alamir. A benchmark for optimal control problem
solvers for hybrid nonlinear[J]. Automatica, 2006, 42(9):
1593-1598.

dropouts[J]. Int J of Control Automation and Systems,
2009, 7(6): 1020-1025.

Naghshtabrizi P, Hespanha J P, Teel A R, et al. Stability
of delay impulsive systems with application to networked
control systems[J]. Trans of the Institute of Measurement
and Control, 2010, 32(5): 511-528.

Walsh G C, Beldiman O, Bushnell L. Asymptotic behavior
of networked contro systems[C]. Proc of the 1999 IEEE Int
Conf on Control Applications, 1999, 2: 3146-3151.

Peng Chen, Yue Dong. Networked-based robust control
of systems with state-delay and uncertainty[J]. Acta
Automatic Sinica, 2007, 33(10): 1093-1096.

Zhao Y B, Liu G P, David Rees. A predictive control-based
approach to networked hammerstein systems: Design and
stability analysis[J]. IEEE Trans on Systems, Man, and
Cybernetics, 2008, 38(3): 700-708.

Yang Tao. Impulsive control theory[M]. Berlin: Springer-
Verlag, 2001: 1-2.

Sun Y G, Qin S Y. Stability analysis and controller design
for networked control systems with random time delay[J].
Int J of Systems Science, 2011, 42(3): 359-367.



