WWU@“WW CN SO/ G i S/ N BAaTH H 15

ELECTRONIC MEASUREMENT TECHNOLOGY 2024 4 8 H

DOI:10. 19651/j. cnki. emt. 2416060

E F ISCSO-BP-PID #J SMB 40 43 4t &
EHmRES A EWRR

(ML T RKFAZEIARFRE %k 110142)

OE: BRI IR A R A AE RS 2 AR A 4R RN B S R AL, B R T — R T R VD R
PEAL B TE 1) BP e W 4% H IR 3% PID 2 50 A AL o) DR A1 50 4l B SO0 i i3 1 O vk o 1% 07 1k 1 06 3 3 A5 M0 A R O B
T A B 20 432l B g ] ] 22 (R AR A SRS A A etk B VD R RO AL SR E A BP MU 4%, SEEL T PID S AU A 18 1 R
BN A S A BASMARE ., Edk v BB LT, 51 AT Cubic TRl B 5 R w1 3R AL VD A R RS, DL B
FhEE o> A 0 X 50 M 7R B RAE W o Bom AT AT AR IR 48 R SR, VD A BRI S 2 0 R IR AR B B AL R A,
AT ORRAE R AL B R ML L DL R R U SO BE . S A X 12 A4~ CEC2022 P o8 B0 AT 30 E L UE B T kit v
WEREOL AL TR A Bk . D7 B A5 R R, TR DT B A IRE S A S0TH bR A LB 4143 2005 45 i 1m0 i 1) A9 88 45 2007, 17 BL7E
BASEER S R AR, 55400 PID I OT e AH L 7R AR R AR S BL T L IR I ] 3 S 45 T
75. 40 % F1 77. 57 % VAR A BN D T 91, 84 %N 81. 96 % . 1% Ik HL A SR B P T MEAE 1 A R AT A L B Rk
=TSRG H R .

KA BIRIES B0 IR s BRI MR s VD A U0 AL BT 5 Cubic TRV WS 5 m A% MEUE 3 2RO g

hES %S TP18;TNOS XuktRiRED: A EXRirEZRSEREL: 510.80

Research on fuzzy decoupling control method of SMB component purity
based on ISCSO-BP-PID

Li Ling Chen Yuhuan
(College of Information Engineering, Shenyang University of Chemical Technology,Shenyang 110142, China)

Abstract: Aiming at the problems of strong coupling, multivariate, nonlinearity, and time delay in the simulated
moving bed chromatographic separation system, a fuzzy decoupling control method for simulated moving bed
component purity based on the self-tuning PID parameters of BP neural network with an improved sand cat swarm
optimization algorithm is proposed. First, fuzzy decoupling is used to eliminate the coupling between the purity control
loops of components A and B. Then, combined with the improved sand cat swarm optimization algorithm and BP
neural network, the adaptive adjustment of PID parameters is realized, thereby effectively controlling the purity of
components A and B. In the improved sand cat swarm optimization algorithm. the Cubic chaotic map is introduced to
initialize the sand cat population to improve the uniformity of population distribution; the variable spiral search strategy
is added in the prey search phase to enable the sand cat swarm to have more search paths to adjust its position;
simultaneously, the alert mechanism of the sparrow search algorithm is integrated to accelerate the convergence speed
of the algorithm. The effectiveness of the improved sand cat swarm optimization algorithm is verified by 12 CEC2022
test functions. The simulation results show that the proposed method can not only effectively eliminate the coupling
effect between the purity control loops of components A and B, but also demonstrates excellent performance in various
real-world application scenarios. Compared to traditional PID control methods, the proposed approach reduced the
settling time by 75.40% and 77. 57 % » and decreased the overshoot by 91. 84 % and 81. 96 % under flow rate fluctuation
conditions. This method possesses strong anti-interference ability and good robustness, and improves the control
performance of the entire system.

Keywords: simulated moving bed;fuzzy decoupling;sand cat swarm optimization algorithm;Cubic chaotic map;variable
spiral search strategy
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Fig. 3 Block diagram of the fuzzy decoupling control scheme
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Table 4 Optimization results of CEC2022 test functions

PRI EELD DBO SABO POA HHO SCSO ISCSO

. FE 2.36X%10" 2.96X10" 8.38X10° 1.06 X 10" 1.19X 10" 6.40X10*

1 b ifE 25 9. 00X 10° 5. 00X 10° 3. 35X 10° 4.70X10° 3.59%X10° 1.29X10°
k FH{E 4.97X10° 6.32X10 6. 84 %10 4.92X10° 5. 87X 10 4.56X10°

‘ PR i 22 7.10X 10" 9. 06 X 10" 1. 77 X 10 4. 50 10" 7.25X10' 1. 07X 10"
; A 6.35X10’ 6. 43X 10 6. 50X 10 6. 60X 10 6. 48X 10 6.35X10*

! FrifE 22 8.52X10" 1. 45X 10" 1. 03X 10" 9.12X 10" 1. 27X 10" 1. 47X 10"
; FYIE 9. 08 X 10 9. 50X 10 8.86X10° 8.87X10° 8.89X10° 8.83X10°

' b ifE 25 2.87X10' 1. 69X 10 1.17X 10" 1.29X 10" 2.29X10" 1.57X10'
’ XA 1.78X10° 2.28X10° 2.22X10° 2.95%X10° 2.30X10° 2.21X10°

’ PR 2 3. 61X10 5. 83X 10 3. 08X 10 3. 49X 10 3.49X10° 2.77X10°
; A 8.23X10" 9.98X10° 7. 41X10° 1. 49X 10° 1. 00X 10° 7.26 X 10°

’ FrifE 22 1. 63X 10° 1.17X 107 2.12X10° 7.89 X 10* 1. 79X 10° 5.77X10°
; FE 2.13X10° 2.22X10° 2.11X10° 2.17X10° 2.14X10° 2.12X10°

' bR 2 3.74X10' 6.57X10' 3.39X10' 5.30X10' 4.18X% 10" 4.93X%10'
‘ T {E 2.29X10° 2.37X10° 2.27X10° 2.26X10° 2.29X10° 2.27X10°
ot PR ifE 2 6. 81X 10" 8. 77X 10" 6.53X 10" 5.64X10' 6. 94X 10 5.69X 10"
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Continuation Table 4
PRAL L7 DBO SABO POA HHO SCSO ISCSO
41 2.50% 10° 2.67X10° 2.54X10° 2.50X10° 2.55X10° 2.48X10°
/e bRifEZ 2,86 10 6. 43X 10’ 3.15%10' 1.05%10' 4.53% 10" 5.90X10™*
FHE 2.94X10° 6.01X10° 1.07X10° 3.72X10° 3.32X10° 3.71X10°
S R 890X 107 1.61X10° 1.15%10° 6.75X 10° 1.20%10° 8. 11X 10?
, T4 {E 2. 94 X 10° 5.02X10° 4.89X%10° 3.12X10° 4.54X10° 2.88X10°
= P ifE 22 7.81X10' 8.10X 10° 8.72X10° 2.55%X10° 8.17X10° 1. 33X 10°
FH{E 3.02X10° 3.08X10° 3.04X10° 3.12X10° 3.03X10° 2.99X10°
S w1 2 5.72X10' 7.75X10' 6.19X10' 1.30X10° 4.49X10' 4.69x10'
-1 44 2.75 5.42 3.58 3.67 4.08 1.5
w444 2 6 3 4 5 1
>/~ /<< 7/3/2 10/2/0 8/4/0 9/3/0 7/5/0 ~
WA o U LA b B 5T 2% R A eR AT B A 1 B 3, x5 REEHIMEEERER
5.2 HANAEEFEEMANTHEBRBIEILL Table 5 System control performance metrics
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Fig. 12 Comparison of decoupling effects after introducing

disturbance into the system
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Table 6 Analysis of simulation results

28 RS M/ % TR/ s
PID 12.76 2.28
BP-PID 15.55 2.25
Py PSO-BP-PID 7.29 0.91
GA-BP-PID 5.50 0. 89
ISCSO-BP-PID 3.70 0.85
PID 42. 30 5. 96
BP-PID 24.19 4.70
Py PSO-BP-PID 35.51 1.52
GA-BP-PID 18.82 1.47
ISCSO-BP-PID 0 0.75
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Fig. 17 Control simulation diagram of P under flow rate disruption
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Table 8 Analysis of simulation results

M 128 Hl I/ MAE/ %
PID 7.58 8.71
BP-PID 7.12 3.89
Py PSO-BP-PID 0.67 0.51
GA-BP-PID 0.64 0.47
ISCSO-BP-PID 0.61 0.38
PID 3.41 8.50
BP-PID 5.84 5.52
Py PSO-BP-PID 0. 90 0. 60
GA-BP-PID 0.77 0.36
ISCSO-BP-PID 0.68 0.32
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