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Abstract; Aiming at the parameter identification of NARMAX model, a novel chaos-artificial bee colony algorithm was
proposed. Based on the Memetic algorithm framework, the new algorithm uses the fusion of the particle swarm optimization
and the artificial bee colony algorithm as the global search strategy and uses the simplex optimization as the local search
strategy. Through the simulation experiment on the parameter identification of three different NARMAX models in
complexity, the results show that the new algorithm, compared with the artificial bee colony algorithm and the random inertia
weight particle swarm optimization, has some advantages in the robustness or solutions’ quality.
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Tab.1 Comparisons of identification results

TR ABCPSO RWPSO ABC
0.496 706 319 426 034 0.467 628 805 979 354 0.513 157 719 793 574
1. 006 230 253 098 877 0. 895 382 655 702 131 0.904 998 835 970 176
S 0.101 674 317 585 375 0.107 873 827 965 362 0.110 984 845 387 896
Modell 0.475 618 328 310 499 0.230 731 134 631 021 0.357 191 856 212 092
0.179 464 848 208 851 0.194 750 551 449 437 0.407 880 525 297 194
TR R 2 0.000 986 777 862 128 0.038 024 782 472 111 0.013 980 110 291 842
0.773 022 132 334 824 0.826 847 505 086 102 0.851 975 985 963 987
—0.464 991 106 798 965 —0.204 977 593 687 474 —0.341 173 133 611 801
—0.286 568 036 158 284 —0.311 512 427 623 463 —0.437 201 243 301 803
S —0.910 825 739 324 685 —0.989 859 872 963 998 —0.627 467 104 557 023
Model2
1 1.030 776 901 813 363 0.786 180 386 730 345
0.221 237 526 963 510 0.184 379 437 091 290 0.162 331 885 074 496
0.099 872 290 053 104 0.025 298 439 837 655 0.048 936 658 264 556
IR E 0.008 109 840 052 197 0.039 993 765 366 811 0.077 081 801 137 700
—0.399 999 991 837 134 —0.397 899 641 846 501 —0.399 506 799 069 568
0.200 000 006 453 294 0.192 753 343 318 156 0.204 086 816 791 390
o 0. 400 000 007 129 107 0.403 116 724 629 077 0.399 917 657 807 854
Model3 oA 0.200 000 003 468 182 0.194 296 374 091 577 0.201 778 350 815 503
0.800 000 002 140 229 0.804 178 392 059 816 0.799 482 274 162 526
0.300 000 005 706 089 0.301 389 916 323 736 0.299 999 047 291 959
SRR 2 5.054 389 643 519 085e-017 0.000 229 079 631 518 1. 365 869 536 570 960e-005

1N =FAE AT BRI A S RO R 22 . WL . ABCPSO 83k - P AR L BoA
S A3 . TEXPREARY 3 gEAT BRARURE . = b B HR REAS B 5 K B i S8 IR 22 B Hoh L ABCPSO 5%
T — 25 . YR SRR AR A 3 R X H Al AR R AT R, T EL R S A I MR R L R 1 IR 2 R
S W AT P M P S A SRR P TR XS AL 1T RN A 2 B TRUNE = B RO R A AN [ Y R AT
BRI RWPSO 3% Fl ABC S35 AH L - ABCPSO 533 & Fe P #5058

M1 AT EUE W TR BRI B8 . ABCPSO B35 1R 22 30 A0/ . 181 2 45 Y 0 = Fh B ik 7 ik AU



H

k%

A F Memetic 4E 42 i A B %5 48 5L % #9 NARMAX £8 A A& 3 9% 7

Journal of Shandong University of Science and Technology

AP IE A 2R . B U Y S O T I I M s B L G AR B T 2 5 b 3l e Y R B X
Rfifi) . IWE 2 TLEH . ABCPSO F ik HA B e ). HAGEMR S . ABC B ke PEAEIAL 1 A
iR 3 mfLRE SRR, (EARBRAE AL 2 i, RWPSO 836 ) i i ABC &k .

Error

0.4-
ABCPSO
0.2 RWPSO
-
<
£ 0
[5a]
0.2
0.4 *

100 150 200 250 300 350 400 450 500
Spatial index

050

ABCPSO
ABC
T AL
7TV
-0.4 L L L L L L L I I |
0 50 100 150 200 250 300 350 400 450 500
Spatial index
(a) Model 1
1.0

ABCPSO

-1.0 ! | 1 ! 1 | 1 1 1 ]
0 50 100 150 200 250 300 350 400 450 500
Spatial index
1.0
0.5
-
S
£ 0
m

I Il Il Il I Il Il Il I}
100 150 200 250 300 350 400 450 500
Spatial index
(b) Model 2

0.01-

-0.01

-0.02 I I I I I I I I I |
0 50 100 150 200 250 300 350 400 450 500

Spatial index

“0 50 100 150 200 250 300 350 400 450 500
Spatial index

(c) Model 3

1 =MEZEMNPHIREMETEE
Fig. 1 Comparisons on the identification errors

for the three algorithms

= ABCPSO

-3
10 0 200 400 600 800 1000 1200 1400 1600 1800 2000
Iteration
(a) Model 1
10°
= ABCPSO
&\\‘_ﬂ; ------- RWPSO
,,,,,,,,,,,,,,,,,,,,,,,,,,, ——ABC
10"
&
&
=
107+
-3 | | | | 1 | 1 1 |
10 0 200 400 600 800 1000 1200 1400 1600 1800 2000
Iteration
(b) Model 2
10°

= ABCPSO

0 200 400 600 800 1000 1200 1400 1600 1800 2000
Tteration

(c) Model 3

B2 =fEENIHR#LEE
Fig. 2 Convergences of the three algorithms

for the models



Iﬂﬁﬂﬁﬁﬁ 94 £32% F£14# Vol.32 No. 1
%T@ 201342 A Feb.2013

5 HRIB

fEth T — R BB UE AT B AT IR L M R G IR AL L 5T Memetic HEZE ) ABCPSO 836, F
PSO 573 fi 80 H WS B2 T, ABC B8R 5 B A Jay 3 d5e 00 19 45 0 8 — B A LR G A8 i JE T Memetic #E
DR 4 Ja 15 2R SRS o () I ) TR 48 2R RS SR B Al A T s . X RE BRRE PRI SRR P RE B 2 HEVE R B B AR
PRI » SCRE 1 B0 B 12 0 P M 4R v B I R AR S e

SR AR R e AR X HE LA R G AT BRI ABCPSO B3 A ALK B LT RWPSO 5k Al
ABC B3k 1 H S g 7t 1 RWPSO 5 il ABC 53 A W] b £ e 5 FL UK 78 Ab 30— P 5 o g 75 (v A5 7Y
If = B35 AR BE AR B A 5 2R TN T B S 2R A A, RWPSO Hl ABC W Fift 552325 14 i 52 1) 5 K2 i
Y] ABCPSO Fvk iy & R MEEOR X — s 7E L AR R M R G AR 2.

WFE R, 2T Memetic HEZR Y ABCPSO H3E & — M B X & 20 AE RV R L b A7 A7 RO AR B IR &
RER RS i — 2D IR 902 X B 1 B M SRR 2R A7 FR 43 T
S 230K
[1]Leontaritis I J,Billings S A. Input-output parametric models for non-linear systems Part I: Deterministic non-linear systems

[J]. International Journal of Control,1985,41(2).:311-344.

[2]Mendes E M A M,Billings S A. An alternative solution to the model structure selection problem[J]. IEEE Transactions on
Systems, Man and Cybernetics-Part A;Systems and Humans,2001,31(6) :597-608.

[3]Chiras N, Evans C, Rees D. Nonlinear gas turbine modeling using NARMAX structures [ ] ]. IEEE Transactions on
Instrumentation and Measurement,2001,50(4) :893-898.

[4]Rahim N A, Taib M N, Yusof M I. Nonlinear system identification for a DC motor using NARMAX Approach[ C]//Asian
Conference on Sensors (AsiaSense). Kuala Lumpru, Malaysia,July 18,2003:305-311.

[5] Supeni E, Yassin I M, Ahmad A, et al. NARMAX identification of DC motor model using repulsive particle swarm
optimization[ C]//5th International Colloquium on Signal Processing & Its Applications (CSPA) ,Kuala Lumpur, Malaysia,
Mar. 6-8,2009:1-7.

[6]Rao R V,Pawar P J. Parameter optimization of a multi-pass milling process using non-traditional optimization algorithms
[J]. Applied Soft Computing,2010,10(2) ;445-456.

[7]Chen S.Billings S A. Representation of non-linear systems:the NARMAX model[ J]. International Journal of Control,1989,
49(3):1013-1032.

[8]Kennedy J, Eberhar T R C. Particle swarm optimization[ C]//IEEE International Conference on Neural Networks. Perth
West Australia, Nov, 27-Dec. 1,1995(4) :1942-1948.

[9]Karaboga D. An idea based on bee swarm for numerical optimization[ R/OL]. Kayseri, Turkey: Erciyes University, 2005.
[2012-09-05]. http://www. dmi. unict. it/mpavone/nc-cs/materiale/tr06_2005. pdf.

[10]Moscato P. On evolution, search, optimization, genetic algorithms and martial arts: Towards memetic algorithms[ R/OL].
Technical Report No. 790, Caltech Concurrent Computation Program, California Institue of Technology,1989:1-68. [2012-
09-057. http://citeseerx. ist. psu. edu/viewdoc/download? doi=10. 1. 1. 27. 9474 &.rep=repl & type = pdf.

[11]Eberhart R C,Shi Y. Tracking and optimizing dynamic systems with particle swarms[ C]//The IEEE International Congress on

Evolutionary Computation. Seoul, May 27-30,2001 ; 94-100.
(TSR . 8 L)



