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Neurofuzzy modeling for nonlinear dynamic systems and

double control system design with internal model control and PID control
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Abstract: In the intemal model control design for nonlinear systems, the precise forward and inverse models of plant are
required, but it is impossible in the majority of practical plants. A modeling technique based on a class of neurofuzzy models for
nonlinear dynamic systems is proposed. The intemal model control design based on neurofuzzy modeling is studied. Because there
is the model mismatch problem between the identified forward and inverse models of the plant based on the input-output data of
plant, it will make the system controllable range narrowed and the system robustness lessened in the control system based on neu-
rofuzzy modeling. To improve the performance of the control system, the double control strategy with neurofuzzy modeling based
internal model control and PID control is proposed. By the concentration control of the reacted mass in a continuous stirred tank
reactor {CSTR) , the double control strategy is able to effectively extend the systern controllable range and improve the perfor-

mance of the system. The simulation results show that the proposed control strategy is simple and effective.
Key words: neurofuzzy systems; internal model control; PID control; chemical reactor
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Table 1 Operation conditions and parameters of CSTR
¢ =100 L/min E/R=9.95x 10K
Cy=1.0mol/L — AH =2 x 10° cal/mol
T;=350K P, = 1000 g/L
T4=350K CpCpe = 1 cal/(gK)

V=100L Qp=103.41 L/min
hA =7 x 10° cal/min K Thy=440.2K
kg =7.2x 10"° 1/min C,0 =0.0836 mol/L

A1 FIE 2 25 R YRR E RS TEMN
Q0= 103.41 L/min 284k + 14% Fl - 35% A, CSTR
RYFFFRIE R , CSTR (e i 2 BLAE s 934t . Y
BHIF R B AL IR + 14% Fl - 35% 0%, CSTR
RUFFER I N b BUAERE , Mk, 240 O, ERITE L
R Z .

10 12 14 16 18 20
t/ min

0 2 4 6 8

” |
N i
4l00 2 4 6 8 l.O 1:2 lit 1;6 I:S 20
f/min
B 1 CSTR I (B HIFIREZ L + 14%)

Fg. 1 Open responses of CSTR with +14% change in Q¢

B2 CSTR FFIFmanz (3% H 2k - 35% )
Fig. 2 Open responses of CSTR with —35% change in Q.
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Fig. 3 Model training for reacted mass concentration
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Fig. 4 Model training for reacted temperature
3.2 CSTR fHZHRA% 45 B (Neurofuzzy modeling
of inverse model for CSTR)
& SISO BHAF R RS S u(k) —~ y(k) , H
P =0 i . i
y(k+1) =f(y(k),y(k—l),"',y(k—n).+l),
w(k),u(k=1), ", ulk-m, + 1)),
(15)
Wh A
yo = [¥(0),y(- 1), ,y(=n, + D],
up = [u(0),ul=1),,u(-m, + 1)].
S y(k+1) = @, AIRRESH n- HIER T RS
IL:p — ulk) BT
u(k) =gler,y(k), -, y(k = n, + 1),
wlk - 1), u(k - m, +1)). (16)
TR AE I BRES SR F BB KR 1y, S TR
il a A SR AR EE A -
R E RGN H R (16), HEEL K CSTR 1
R E C, MR N AR T M iR A, Al
DA %ot i 938 R 45 . B8 T CSTR ROV AR BE R

TARW IR, TR C, SR R AT R 8
Q.(k) = NFo (C,(k +1),C,(k),T(k - 1)),

(17)

XM C(k+ 1) ZBEMHN—EHNE. A

SEIE AR B B [R)RE BOHE , 1R 00 4 A0 I 3 38, B R

AL N 382233230, RIGHIB B A N

30 #) NF B R, B H R WSk 12].

4 #EZ AR MR IE # (Neurofuzzy internal
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Fig. 5 Structure of conventional internal model control
Economou % AZEZHE IMC 20 Hr Mt it 51 A
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ML LU ER TERERR, SR RERE
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SRR AR R R R SRR
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HEHY .
4.1 EXHEEHAEES R R IR (Design of
conventional neurofuzzy internal model control)
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Fig. 6 Structure of conventional neurofuzzy intemal
4.2 HELERRNERERTE CSTR FEIE B (Neuro-

fuzzy internal model control application to CSTR)
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YEE D BIBFE TR E M €. = 0.0836 BrERE
3 C,, = 0. 121 C,, = 0.15 B, PID EHIM RS
PIE e 57 . PID 2 Rl 8 S 8L N Cop > Clos
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WEREE MRS, W ok AR E. 5 C,,
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Fig. 7 Response of CSTR under PID control
F AL ETHER) CSTR YRR 220K (F 15 %Y Al
A R AR E R RS XA SR
PR — BB B RS BE AR y = 0.55. B8 fIE 9 7
PAHRBEM/M Cp = 0.0836 ERAZE C,, =
0.12f C,, = 0.15 B, CSTR B NF-IMC K /4] 3711y
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MBI CFEt AR EE, BRSIREN 0 Y
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#18 C.(¢) BEHBIE, KTE Smin FEARS, X
RERSIRE e, = 1.7% . HIAT WL, NF-IMC #5545
B 114 3 7 25 M o &R B 38 LA T 0 PID #5441
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= 012 1
g ol ]
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T 140

=

g 120 .
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Fig. 8 Response of CSTR under NF-IMC control

Ca 'tmol- L")

Q. (L-min~")

& 9 CSTR NF pA#& £ il i 7 H 2K
Fig. 9 Response of CSTR under NF-IMC control

4.3 2B R ) B9 E4 (Defect of neuro-
fuzzy internal model control)
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MR R S X B AR S R T 25 S B
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WA B [ R R PR s ) R A, X B R G A R AR A
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B KRBT
5 LR ANE/PID WE#E#H (Double

control strategy with NF-IMC and PID con-

trol)

R T T ARAR A 5 B (] RR, — 26 SCER AR o p A
B 18 W 5 AR 6l 45 A 09 B R E AR R g, {8
X2 VABRAR S At P BT H B 1 65 A (XA Y, i ELAS
BAEN S MEERMECS 21 3mE . fE& M
& NF-IMC 458 & F ., 5] A fii 289 PID Je (735
il 42t TANFE 10 Frs B9 A/ PID AU i 45 #y
(1A F% NF-IMC-PID #% i ) . NF-IMC-PID #& #ll 3¢ iR T
NF-IMC PR A& B A A5 5 7 DR B9 #6114 BB T B <5 1]
& [r) B it — R T RS

:é_. PIDY il 4% d (k)

-~ k) Wk
N L e vl o _il_i’.

g()
NFER |-
B 10 MR L PID TUE 15 5 454
Fig. 10 Structure of NF-IMC-PID control system

¥ N AE/PID XU E ¥ H| 4549 B T CSTR #4( ,
HEZSY C,, < C.o B, %3 PIDEHI KLU R
O F L B 42 1 RS . A 7] 3 R A NF-IMC B9 IE R
R BRI IR R A8 S8, M E G R PID 54852
BOYHIHR: Cop < Caoi Kp = 1.2 x 107K = 0.1 x
105Ky = 0.75 x 10°; B 5 B HIRZER R 25% ;
Cup > Ca03Kp = 0.9 x l(ﬁ;Kl =0.05 x 103;Kd =
0.0; B BEENRER R 10% . B 11 #F1E 12 251
T % A NF-IMC-PID ¥l )5, IREHM C,0 =
0.0836 BrEkAEILE) C,,, = 0.15 fl C,,, = 0.06 I,
CSTR WIPH I MR B . 7E b 3 15 5 {90 B N, #
K /PID XU E 35 il 8 15 CSTR A9 %t (S 7 ¥k
FO MM A shF SRR IEY HEMSE. E 11
B, R BN B AG R L 2946 2 min NI R 45
W, BSIRERNTE (H NF-IMC 5 Hl W 53 7 i 726+ (5]
T& Smin 24, MARSIREN1.7% .

18 3 o R AR PN B T A 2R IN AR/ PID
X I P LR, /A, 1 TR T HIREX £IE
WA L5 i R AT £ A7 TEAE B A B (w8, 2 X R E
VISR R IR R EVESDOE 7 N UN ) 8

r(k) +

IMC SR Z XM R Fef5 BRI, MY T THE
RS AR B S E I b
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Fig. 11 Response of CSTR under NF-IMC-PID control
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6 #5i£(Conclusions)
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