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Fuzzy recurrent neural network modeling based on

chaos DNA genetic algorithm

CHEN Xiao, WANG Ning
(State Key Laboratory of Industrial Control Technology, Zhejiang University, Hangzhou Zhejiang 310027, China)

Abstract: Inspired by the biological deoxyribonucleic acid’s(DNA) genetic mechanism and the chaos optimization
method, we propose a chaos DNA based genetic algorithm(CDNA-GA) for the optimization of the T-S fuzzy recurrent
neural network(FRNN) modeling method. In the CDNA-GA, the parameters of the antecedent part of the FRNN, in-
cluding the fuzzy rule numbers, center points and widths of membership functions, are represented as the nucleotide base
sequences; more complicated genetic operators are designed to improve the performance of genetic algorithm, and the
chaos optimization method is applied to optimize the inferior individuals in the population. Furthermore, the corresponding
parameters in the consequent part of the FRNN are determined with the recursive least-squares(RLS) algorithm. Finally,
the proposed FRNN modeling method is applied to model a pH neutralization process, and the simulation results of the

experiments show the feasibility of the established model compared with other reported methods.
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1 5|5 (Introduction)
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3.3 i EEEH F (Genetic operators)
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Fig. 1 Crossover operation
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3) AT

A SR A e R B AR A A, HIR AT
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Fig. 2 Inverse anticodon mutation

HORAERE— NI Berb BENLE I — N B A
SE SR BERY 1-, AN 11208 8 1 (1A B A 2 B AL
B I)). B S K 3 Watson-Crick B g [ ) A 2E 1%
— B BT R AN 811003, FRZ Y S
B AR5 R BB S 1 e 5 B A T (8 A A 2,
15 BBV 1) [ B 05 717 511300, 55 Je 5 1504 1 s % 1
T3000H B Y 112090 &, T TE B T — A9
R BB AR AT AT RER A pra.

b) AN/

R AU H B 4 g v AR B e T4 b H B
AR AR B, IX A0 AR 7 T IRk A fe Kt /s
A5, P R B3 ET s, AEAMA R, B 1A
P oz i, T RO A T A doe I SR AEBT A4
HR R R A A A B O I AR, 3K B R
J2, B KB/ N AR FARAE R AR — A AR RAE, T
AT AL S E B, E R PAT IR K paw.

R /NE T
[3[1]1]2]of2]1]3]1]2]

R T AR R

[3[olo]2]o[2]0[3]0]2]
BB N

HREEFN A% 2
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3.5 JEVEDNAIR L H 12 ) SE 35 B (Procedure of

CDNA-GA)

Step 1 VB FILIZITSHL, FIE K/ Dsize, it
KL, e KRINED, e KA EL Gy, TRAL ST
BAEBER e, pras Pums P, FTEHILAHAE A I T RE
AL = 0.

Step 2
t=t+1.

Step 3 XA I AMAAT A SARAE, TR BT
A2 PRI A N S AT AR o, AN 3R S A A

Step 4 X ARAE P I BEAS S AR F5Step 300 BT
A GRS AR U 42 T AR S R 3 AT 3 AR S R A,
B AL A AR AR S AT A ARALE R o A7

Step 5 X TR P Y AR BRI AN A
PAT IR PEANAE R, 4513 20 EOB S A 3 B B2 A /N T
JEANA, TR AR AR SR ARAE M AL &
D3 DR AT A A

Step 6 X B P IR T AT AR BAT B AR FEIE £,
FL#Size — IMMABE HE N —ACRIHE, JF B4
b AR P B S A E R S O B 2R — AR
BE.

Step 7 Al W7 A& 15 95 2 BE AL S ) 24 i 2 A AR
Bt 58 T e RSB Gli B 24 BT AR B 1 B A
bt — MR BRI 22 BN T B A,
T A A B I 2 SR A s 5 0 [9] 3] Step 2.

4 EHBHEERD _RKEBERMNHZS
¥ (Determination of consequent parameters
in FRNN with RLS)

MR — LB s 2 B RIS B, T
B JE A S HOHATHORA e R 1E — > e B IR AR 2 Y
7. /) ekt dei Ak TE 7k, B T e
AN, A Ay FH A AR, T HL 2l 3w AR
Wl AL T SR B I, I TG ER SE I B R, Ol
TR TSR, WD B AR TR EAL BT b A
IORUE R G S HU v R, A8 SOR i 4 de /> —
PSR AGZHB;,

0=[Bl By - Byl (7)
b(k) = [ X (k)T - X (R)T]T. (®)
HERL R T
O(k) =0(k—1)+ K(k) x
[ya(k) — ¢ (k)0 (k — 1), ©

THEAE AR AR AN B G Y A, JF B

K(k) = P(k —1)¢(k) x
(" (R)P(k = Dy (k) +1]71, (10)
P(k)=P(k—1)— K(k)K™* (k) x
[ (k) P(k = 1)o(k) +1]. (D
5 pHT AR KL% 5 45 R (Simulation
experiments and results of pH neutralization
process)
pH R I R 3 e e 8 ) (Rl VR 5 Y0 2K RN
W) (R VB S 80 SR BEAT PP ML — > e B [y pH AP A i
FENL LRI K b B 1F 3 # A 2 5O SCRR [19]. bt
PR o B g o F25 o) 8 o 428 il pHU L AL 72 X
B g5 R B 4250 S i A\, pHA H ELpHL, R B 428 0 5
iy, BEAL™ 450020 Kb (gs S AR N I pH ) A T-
SEOR A 28 04 2% 1R I SR AN A Bt Herh 30041 H T
RS 38 1 2 6 % 1911 25, 200200 i) T 7 4 M
AR, B IEDNAT AL VL ZH0h: e KEEAAR
HGrim = 200, P Kisize = 30, BEAZHP) G it
KJEL = 10, 28 X Hp. = 0.6, B M HEp, = 0.5,
pum = 0.5, pry = 0.001, HFRRREAERK 1A = 0.8.
28R EDNA T AL SRR B E I, 15 2 I T-SH
38 U1 2 I 8 AR PRI P 18 2 o 25 B A BSOR £ 0
IS PR S Jeg 52 o 800 IR 4B s . R I IR S A 2 2 8
Lk 2N PSS AL EXR
W fpH, (k)2 A, W
yi(k) = —3.7128 — 0.0873u(k) —
0.002u(k — 1) + 0.0005u(k — 2) +
0.0087y(k — 1) — 0.0028y(k — 2) +
0.001y(k — 3);
W pH, (k)& As, N
Y2 (k)= 14.4429—0.0064u(k)—0.0001u(k—1)+
0.0006y(k — 1) + 0.0001y(k — 2);
W RpH, (k) kA, W)
ys(k) = —2.8181 — 0.1294u(k) —
0.0032u(k — 1) + 0.0014u(k — 2) +
0.0134y(k — 1) — 0.0084y(k — 2) +
0.0019y(k — 3);
WRpH, (k)& Ay, N
ya(k) = —4.1294 + 0.1648u(k) +
0.0038u(k — 1) — 0.0012u(k — 2) —
0.0167y(k — 1) 4+ 0.0073y(k — 2) —
0.0021y(k — 3);
W pH, (k)& As, W)
ys (k) = 8.5796+0.0129u(k) +0.0002u(k — 1) —
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0.001y(k — 1) — 0.0002y(k — 2) —
0.0001y(k — 3).

P, 4 (D)~ @) T RS 2 A SCPT £ 3L (K T-S
R 328 U1 o 2 o 2% A R (1 B . A B A5 D0 AR
S ABORIER. Foh: A AR RV i o, A,
AR A R e, Ao AU A R TR, ALK
R BIR TER S, As AR HH B 8.
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0.8
0.7
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0 2 4 6 8 10 12
pH,
4 JRIEDNAAL AU KFRNN SR 5 2 66 5
Fig. 4 Membership function of FRNN optimized by
CDNA-GA
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1 1 1
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Fig. 5 Modeling error of different algorithms based on test
data
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Table 1 Comparison of modeling error based on test
data for different algorithms

ik BRRE TR
AL 1.2044e — 04  2.6713e — 05
GA-FRNN 5.7029e — 04  8.1412¢ — 05
KH#J{E 2 25-FRNN 0.0095 0.0015

FH 5 B R 10m] L, 3661 [A)AE (g Il B, R VR
TEDNAEE AL IR AR 126 U 1 28 D 58 DS 200 4 e
A TpHF R RE. L K@ AR 7%, 5 FGA-
FRNNA A 2 ZE AR L, kb T r4/5, & K3 {E R0
ABTRZ21/78; SV BR 2, 2 GA-FRNN1/3,
& K B 5 iR 22 1/56.

6 %518 (Conclusion)
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A0 o5 A0 R T-SABR 2 U ot 8 9 4% S5 pH H Rt
FEBEAT (A5, 17 B &5 5 SLAD STV A3 20 1 45 kAT
PO, A ST iR iR AR R 22 B /N, /W T ATk
(A R X Ay v ] U - pe LAt &2 2% R
LRk R G AR ]
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