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Abstract: In view of existing operational optimization of fluid catalytic cracking (FCC) reaction-regeneration system
has not considered multi-yield constraints of product demand, this paper proposes an improved differential evolution (iDE)
algorithm to solve the operational optimization problem with multi-yield constraints in FCC unit. Firstly, considering there
are many constraints in the FCC operational optimization, and the feasible ranges of different operating variables varies
greatly, the cooperative interaction mutation strategy is designed to generate mutants, improving exploitation and explo-
ration capabilities of the algorithm. Secondly, a parameter adaptation strategy with self-repairing capability is proposed
to update crossover probability and scaling factor. Additonally, considering that the quick requirement of the operational
optimization in FCC unit, an enhanced search strategy is presented to further exploit the best individual in each generation,
enhancing the convergence speed of the iDE algorithm. The simulaiton experiments on solving the operational optimiza-
tion with multi-yield constraints in FCC unit show that it is superior to the art-of-the-state algorithms in global optimization
capability, robustness and convergence.

Key words: catalytic cracking; evolutionary algorithms; operational optimization; differential evolution; coordination
mutation; enhanced search

Citation: CAO Bei, CHEN Qingda, DING Jinliang. Operational optimization of fluid catalytic cracking reaction-
regeneration system with multi-yield constraints using improved differential evolution algorithm. Control Theory & Appli-
cations, 2019, 36(8): 1207 — 1216

1 355 FA v IR B BT, iR | SR AR, ST
f# A 244k (fluid catalytic cracking, FCC)2& Bl S0% VAR A TR 3 B 1. FCC B AE R

W S O T AR, R s AIE SR RS MR R SR % O AT,
FH ¥R 1 Ok 25 PO B e S T M AR AR IS TR E S 7 R P P W% R G

Wik H 1 2018—05—08; S H#H: 2018—10—24.

Ti@(EE4 . E-mail: jlding@mail.neu.edu.cn; Tel.: +86 24-83684245.

KT EIRZE: 2.

5 HARRHFIE ST H (61590922, 61525302, 61621004) % 8.

Supported by the National Natural Science Foundation of China (61590922, 61525302, 61621004).




1208 oA R 5 N A

36 4

VEAR B EAT /I 00 o3k #A RT R Al SRR 1) 2 50 R
TP R, el AR A 7T 35 7 SR AN B s AT AR SR
A AR A S A 2w AL Y 22 5 i A B A
T X

T 008 77 i ) 7 SR B A R AR AR B
FCCH AT EA RE I REC AR | R B iR ligqT
T, B R B — AR MR E R E AR E S
ITAE— TR TR, SR i Tt R fE e —
AN RFE L RARZME I AR, AR I e 1 R
SE S0 AT ER AR AR B 1) SRS BT 7 o R A B )
s, b Agh 2 I A R AR A L,

N T RERE T € FCCHY S 45 2% A, AR FR T
WA CEM 7 EXRMTTRR. £ T, A5 aE 5
[ ] M 2 R FHHY S Y SZ5 AL LI R AR AL, 4 %
SEBRAR P I AT AR, SR S XS RS SRR ) AR
SR TRURE AT, DMEE I — 2 e R AR R,
BRI AADL AR B Fh R A SR A 8 o 4 AR B
ATRACHUE, X Fh 77325 BT R 5 AT, A3 A A AL
K 51 R AL SBCHRACKRIETT L, I8 =ik
FRIERL JE 28 M 0 RIVEDL St e A ik MR
PRIV ZE B et B g ST LB R AT AL, Hox H
P BR BSORI AT AT 3 ) 2SR LU R, (RIS Az P i 72
HOAN B (5 B EERE ) 22, SCHR (8125 T A& IR 5
% (back propagation, BP) % 37, [,y S ZE A A A5 Y,
K FH 18 4% 515 (genetic algorithm, GA)X 45 (EAF &
BEAT T ARA. ABARAT AR T 1 S R AR R 1 i
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HoAh = S ) 7 3R 2253 A SRR R T B AT L s
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Fig. 1 Schematic diagram of FCC reaction-regeneration unit
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F; 194 07 2R B T3 A0 A7 A 1) 3 22
4y 3t 1k 5 L8 (adaptive differential evolution with
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MEX (0738 R FAARMSL 4, HRMARTPE 234

%36 %
WEAE B AR R B T
Input: X, ,, S, Count 1;, Count 2;
Output: V; 4
Step 1 “FSFALHIEHE.

if Count1;, = S
Fg; =1; Count 1, = 0;
end if
if Count 2, = S
Fg; = 0; Count 2, = 0;
end if
A SR 7.
if Fg; =0
MEX,; FZNS TSR, AV, g
end if
if Fg; =1
MEX G (DTSR, AV g
end if

Step 2

L
F; = randc;(F,,,0.1), (10)

rande; () R A X L A — DRI I8 73 A
22 K F;, Fou WAIERIE 0.5, HAER— G5 dmy
B, BT R

F,=(1-¢)-F, + c-meanp(Sr). (11)
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BREIZE[O, LU BDYF, > 1, DRI R R o e e A
AESRETAMARIE BRI E F R BUE, B
o fitness(Xpest,g)

" fitness(Xpest,o) + fitness(X; )
FXA3)LRIE T FAE[0.5, 1TITEHEUE, (R T FHUR
KAE A, G By < 0, WA =

P fitness(X; 4)

" fitness(X; ;) + fitness(Xpest.y)’
AIRAEFLE[O, 0.5150 Bl A B, PRBE T F BB/ IME R
ZIER

A B, R A RIAMA X 1928 X F-C R #4457

meanL(SF) = (12)

13)
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IATIAE XA FCR;, C Ry NHIUGIE 0.5, FEER—
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(16)

K(16)H: Scr N LI A8 XA B 6 B 328 X+
CR;W%EH, meany (-) NFEHCF A REL T RIE
ZXHAFAE0, 1TEHE N, AR TR USEHA
BEEAE: IMCR, > 11,
fitness(Xpest,q)

fitness(Xpest,q) + fitness(X; )
(I7)
MCR; < OWY,
CR, — fitness(X; 4) .
fitness(X; ;) + fitness(Xpest,q)
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Step 1 MO T ERTAEX, 11

Step 2 U5 AbHE
forj=1:D

X, g PR 10T AT
end for
A AR
fory=1:D

X g2 TEIN@) HAT A SR A
end for

Step 4 S LRALHE.

FIWrAZ A X TR S0 <A
Lléziyu, Y2.,i» yg,i%éiﬁiv%ﬁiﬁﬁjé@ﬁi%#, AN
A, WBkIA]Step 1. #ELEPTIR B AL IR MEXT L
TR AT AN /2 LIRS, AN FE Bk Al Step 1, L
EI%/%XZQJA =X, g1, BMEX o (i AR, Xpest, 11
ANEEHT

Step 5 EREHAE.
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5 fiEsER
51 firE
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B R BURAN R, BET T BRAE SR A BOE (A AL 2
AR AT SRR FE R B AR, A S 52018453
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Step 3



1212

7 il

o5 MM 36 %

WUHIDESERI S %, S, F, CR_, Count 1, Count 2,
K f Kig 47 i [Blmax Tim

VTGP
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l HEFEBRAE
7 A B FF A1 X F-CR,s
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Fig. 2 The folw of iDE algorithm

& 1 A ARF R A * St A

Table 1 The price of FCC feedstock oil and
each product

AR IR EL T BA AR LR Z 0 AL 532 JADE
A & S 478 1] 2 $ 2% 73 154 VAP0 (self-adapting

control parameters differential evolution, jDE), UL & H

A 7E 8 A0 24 A0 FH AR 4k 1n) 8 87 1A% Gt 1
DE!"?I GABIFIPSOP 51k 5 A& S B #RiDES 1L HEAT

pw VU sy W/ ERERY

oe-thH  oetth oothH  ooeth
1 7260 6370 3750 3550
2 7010 6540 3850 4040
3 7100 6260 3670 3870
4 7270 6390 3900 3960
5 7350 6510 3080 3600
6 6940 6570 3550 3970
7 7350 6580 3810 3880
8 6610 6610 3400 4120
9 6850 6490 3600 4350
10 6370 6890 3650 3770

X ELAF 43T, b JADE, jDE, DE, GA F1 PSO #.i3:
IS H B AR SR80 N T AP, ACHE
2 $c=0.1,S=2, n=50LL X ¥ HKICR,, =
0.5, F,,=0.53{#¥ A2, §1-TJADE, jDE, GA, PSO
A% G [ DERE AR B YA Z) A AL 3, T AR ST AR
A I 5 B 20 SR A AT A3, WOR - A A
T4 AT E LR AR T, R (5 B, R
HASRYE R, BRI SRR | ANID = 7, L 2k %
P NI KIS AT Al max Tim. BT S2hrd = +0E
FACR, BT BB i (8] YA AR A w3, Rk
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G55 SEBRE R, A max Tim = 200s. XA
RIS B, 2% SR AL IS AT 200K, I 5
SLIBAT20UK K 4 5 B e MR 1 24, HL s SR a2 e
. N T R DESLVE I REAR IR RE, AN SCAE B KT
N0.05 X e 25 Rt AT A 56, TNl 45 R A R3 s,

AKX “+, =, =7 3R RDEFIRN T P T
ZE T LU VL. AN, A SRR I T — NI ER
B, F25 TR H R BT A Bk St F2 ih £k, DA
A5 R P U 55 A XT Ll % SRV (R WAL S e R A 4 ey AR
Ae /1, WEBHTR.

% 2 RREMIKEPEEIT200K 25 R - 398438 R0 H7
Table 2 20 results average data and analysis of different test cases

MR iDE JADE jDE DE GA PSO
1 LLIIE4+08 — 1I2E4+08 + 1.07E4+08 + 1.06E+08 + 1.03E+08 + 1.07E+08
2 1.O9E+08 + 1.O6E+08 + 1.O6E+08 + 9.87E+07 + 1.OIE+08 + 1.05E+08
3 1.O9E+08 + 1.07E+08 + 1.05E+08 + 1.03E+08 + 1.00E+08 + 1.05E+08
4 LLI2E+08 + 1O3E+08 + LO3E+08 + 1.OIE+08 + 9.86E+07 + 1.03E+08
5 1.O9E+08 + 1.07E4+08 = 1.09E+08 + 1.05E+08 + 1.02E+08 + 1.06E+08
6 1.OSE+08 + LO4E+08 + L.O3E+08 + 1.02E+08 + 9.95E+07 + 1.04E+08
7 1LI2E+08 + LIOE+08 + 1.OSE+08 + 1.08E+08 + 1.0SE+08 + 1.09E-+08
8 1.02E4+08 + 1.00E+08 + 1.00E4+08 — 1.04E+08 + 9.58E+07 + 9.96E+07
9 1.OSE+08 + LO4E+08 + L.O3E+08 + L.OIE+08 + 9.85E+07 + 1.02E+08
10 1.02E+08 + 1OIE+08 + 1OIE+08 + 9.78E+07 + 9.49E+07 + 9.91E+07
/=1 +/=/— 9/0/1 9/1/0 9/0/1 10/0/0 10/0/0
& 3 AR ER L& H R R
Table 3 T test results for each algorithms in different test cases
MiAZH  JADE jDE DE GA PSO
1 425E-06 2.86E-06 534E-12 8.98E-14 9.84E-10
2 1.39E-02 9.00E-04 1.51E-15 3.81E-15 2.76E-08
3 1.82E-02 9.90E-06 6.04E-12 1.72E-15 1.24E-09
4 1.30E-03 2.19E-05 8.93E-11 123E-12 3.32E-08
5 8.42E-03 9.89E-07 4.41E-14 4.40E-15 132E-11
6 3.85E-02 1.31E-07 227E-16 125E-16 1.14E-10
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Fig. A1 The structure chart of ensemble neural networks withrandom weights
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Fig. A2 The structure chart of ensemble neural networks with
random weights
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Fig. A3 The structure chart of ensemble neural networks with
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Fig. A4 The structure chart of ensemble neural networks with
random weights
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