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Abstract: Parameter estimation of nonlinear system model in the complex production technology is a difficult opti-
mization problem in system modeling. In order to prevent the optimization algorithm from converging to the inaccurate
estimation values, a novel fuzzy adaptive immune algorithm(FAIA) is presented in this paper, based on various immune
mechanisms and fuzzy logics. FAIA employs the chaotic hyper-mutation operation to strengthen the searching ability of the
algorithm in the solution domain, and adopts a new immune network regulatory strategy to maintain the population diver-
sity. Moreover, two fuzzy logic modules are devised for adjusting algorithm parameters to further increase the adaptability
of FAIA. Function optimization results show that FAIA has good convergence performance and can overcome premature
convergence problem effectively. Finally, FAIA is successfully applied to the parameter estimation of the heavy oil thermal

cracking nonlinear model, which verifies the feasibility and validity of FAIA in practical modeling problems.
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mune algorithm)
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Table 1 Convergence performance comparison of FAIA, CHIA and CLONALG
FAIA CHIA CLONALG
PR AvgfE AvgGN ConvR/%  ~ AvgfE ~ AvgGN ConvRI% -~ AvgfE ~ AvgGN ConvRI%

0.01 5.953x10~% 165 100 1 6306x10°% 66 100
0.05 4.519x107% 212 100 05 9.418x10~% 434 87
0.09 4717x10™% 489 100 0.5 8.054x10~* 396 96
0.03 5.328x10"% 428 100 1 8472x10~* 548 84
0.05 9.812x107% 823 86  0.25 8.673x1072 966 15
0.7 6.669x1073 337 85 0.5 2.151x10~! 976 7
0.005 4.706x10~% 325 100 1 2913x1073 811 46
0.05 1.567x107% 114 100 10 5.564x1072 959 77
0.1 6972x10~3 559 82 1 4.112x1073 733 57
0.05 2.013x1073 356 86 1 2.386x1072 760 39

F, 5264x107% 62 100
Fy 4345x107% 123 100
Fs; 4.664x107% 312 100
Fy 4811x107* 381 100
Fs 8563x10™% 319 89
Fs 2.678x107% 318 88
Fr 4226x107* 305 100
Fy 4.340x10™% 46 100
Fy 5.247x107* 316 100
Flo 6451x10™% 348 97
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H (Application of FAIA in parameter estima-
tion of heavy oil thermal cracking model)
AR R R — DN EEN R

NIt R, 6 HER A s e AR R R DA fiRj Ak 4 4

21 RN AR R SR s T AR ) AR S R Nk

FRI, Foebe J O T sORE, ok B 5 A B i 25/

TH10° I 1 40 A AN ) 7 362 5

Al 2w A1390° ~510° ) 55T )48 23 77 325 o, R 4

fiF S 210° ~390° 58 JTUTR 43 S i G r= ) re Z 2 F. ]

I P T BBz AN R A
1) AR N SR} E il H A il A s oK 5100

() B 2R AT, S8 e A s ) v ) 5 v 4 W ]k

— WA A RUR A BT K Aa L



55 AT 245 FE TR0 G N S SR R L M R AT S H A5 T 485
2) WAL A W L) IR N K — 2 V. Kwro, Ewp, Kwrro. Ewrp, nw, nr, B
K K
Kipo = ﬁ,KWPO = K\:(z)u
Kwro E;, — Ep

< > K =Y B =

K, WLPO Kro , LLp R s
A Evw — Ep Evi, — Ep
(1-x) EWP = R 7EWLP - R
A (13)(14)H S 475 Ui B 2 DL SCHR[1]. A SCR
B 1 FERE T SRR R N R R R

Fig. 1 Three lumps reaction model of heavy

oil thermal cracking process
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Table 2 Parameter estimation results of heavy oil thermal cracking model

Bk Evp Bwp Ewrp Kipo Kwpo Kwiro nr  nw SEREFEASTIANNRZE/% MRAFEATIIAIRNR 7/%
CLONALG 1801 1451 1405 9.528 1.151 4.562 1.754 3.930 9.456 10.403

CHIA 1236 1762 2109 4.309 1.538 3.726 1.337 1.174 6.505 6.642

FAIA 1006 2117 1271 3.025 1.247 2.118 1.2251.019 6.064 6.334
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Fig. 2 Estimation results of heavy oil thermal

cracking model obtained by FAIA
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Fig. 3 Estimation results of heavy oil thermal

cracking model obtained by CHIA
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Fig. 4 Estimation results of heavy oil thermal cracking
model obtained by CLONALG
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Fig. 5 Estimation relative error comparison of
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5 458 (Conclusion)
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