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Fuzzy Immune-PID Controller and Its Application in Caustic Process

L1 Guo-dong, WANG Meng-xiao
(College of Electrical and Electronic Engineering, Shaanxi University of Science & Technology, Xi’an 710021)

Abstract It is difficult to obtain the satisfactory controlling performance with the normal PID controller in the temperature controlling system in
practice. A PID control algorithm based on the immune feedback principle is presented. The Centroid defuzzification method is adopted in order to
get the output of the controller. The 3 coefficients of the PID controller change with the variation of output of the controller. Simulation results show
that the Fuzzy-Immune-PID control strategy is adaptive to the object’s parameter variations, and its controlling performance is better than that of the
traditional PID control strategy. The system obtains the performance of strong robustness and self-adaptibility.

Key words fuzzy control; immune-PID; caustic process

1 TS ) B (TH TS 2
)
] T B B
TH TS
B Ts
T, B
[3]
PID
PID u=kp[e+?lijedt+Td %] 1)
u(k) =k [e(k)+1§e(j)+L“(e(k)—e(k -0l 2
PID ’ T =0 T
T Ty o oW
@ PID U(k):U(k—D+kp[(e(k)—e(k—1))+fe(k)+; () —2e(k—-D)+e(k-2))]
PID u(k—1)+k;, (e(k) —e(k—D) +ke(k) +k; (k) —2e(k-1)+e(k—2)) (3)
e
PID Koo ki kg T;
2.1 PID T4
PID
PID k
(1982 )
T ( Ty 2008-03-29 E-mail liguodongjesse@yahoo.com.cn

—218—



£(k) T, Ta(k) T
B T.(k) B
S(k) =Ty (k) -Ts (k)
T (k) =k (k) ; Ts (k) =k, f (S(k), AS (k))& (k)
e(k) e(k) B
S(k) u(k) AS(K) = Au(k)

() =Ko+ 5 o)+ 2% 69 ~e(k-D)] -
kpe(k) + kI 25: e(j)+ kd (e(k)—e(k-1) =
KL=, 00 A ODIe0) + K1, 060, A () +
K[, £, (u(K), AuCk)](e(K) — ek 1)) =
Kie(k)+ ki e(j) +K; (e(k) —e(k -1)) (4)

k, = KilLl-7, f,(u(k), Au(k)] ; K =K;[L-1,T,(uk), Au(K))] ;
kg = K[L—n5 3 (u(k), Au(k))] ; K, K, K,

125773 £.0), 1,0, £,0)
2.2 PID
3
(). £0). £0) 2
< (P)”7 = (N)” 3
< P (@7 < (N)”
(—o0,+00) “c

IfuisPand uisP thenf(u, u)isN(1)
IfuisPand uisN thenf(u, u)isZ(1)
IfuisNand uisP thenf(u, u)isZ(l)
IfuisNand uis N thenf(u, u)isP(1)

Zadeh and
Centroid 1

PID K.,k K,
K, Ky K, PID

u(k) =u(k 1)+ Ky [L—r f, (u(k), Au(k))](e(k) —e(k~D)+
KeIL=73, F, (u(k), Au(k))le(k) +
Koll—7p Fy(u(k), Au(k))I(e(k) —2e(k -1 +e(k~2) =
u(k—1)+k' (e(k)—e(k—1)) +kie(k) +K; (e(k) —2e(k—1) +e(k—2)) (5)

y(),

3.2
G(s) = e (6)
(T +1)?
k T T
5]
6]
k=3.45,T =185s,7=30s Matlab
M 205 K, K, K,
0.6,0.3,0.1 7,77, 0.80, 0.60, 0.10
2
PID =esseeene
PID

s L I

00 02 0.4 0.6 0.8 1.0 1.2 14 1.6 1.8 2.0
1(x10%s)

2 PID PID

2 PID

[7-8]

0.70

0.68 | B

0.66 i

0.64 1

0.62

=
Y

0.56

0.0 02 04 06 08 10 12 14 16 18 20
/(x10%)

3 PID K,

0.335

0.330 | 4
0.325 B

0.320 4
0.315

Ky
|

0.310

0.305 Hp» =

0.300

029% 490 02 04 06 08 10 12 14 16 18 20

1(x10%)

—219—



4 PID K" 5

PID
01025
01020 | 1
01015 1 9]
201010 1
0.1005 1
0.1000 1
[1 - [M].
0.0995 . " . . s . . . . , 2003.
00 02 04 06 08 L0 12 14 16 18 20
/(x10%) [2] , , .
5 PID K", [J]. , 2006, 26(5): 1113-1115.
[3 , : 1.
4 . , 2002, 19(2): 158-160.
6 WinCC [4] . PID [l ,
100 =+ 2002, 19(2): 67-69.
1 5] : , . BP PID
Y []. , 2005, 24(4): 42-44.
6 , . M]. : )
1200 (61 (M
2006.
100.0
- [71 . PID MATLAB [M].
500 2003,
60.0 [8] , , . PID
400 [9]. , 2005, 13(3): 250-251.
200 [9] Takahashi K, Yamada T. Application of an Immune Feedback
0.0 Mechanism to Control Systemsc[J]. JSME Int’l Journal, 1998, 41(2):
3:34:01.515pm 3:36:01.515pm 3:38:01.515pm 3:40:01.515pm 3:42:01.515pm 3:44:01.515pm
184-191.
6 winCC
217
Pinit Pstore Pecode Pigie 1
2.15 0.18 85.60 0.09 1 1152%2304 LDPC
LDPC Ey/No /(Mb-s) (%) ImwW
1.8 28.46 134.93 55.58 48.91
100 2.0 16.48 233.01 32.19 35.42
3 22 10.64 360.90 20.78 18.34
24 8.37 458.78 16.35 15.35
100 25 7.50 512.00 14.65 12.96
2.6 7.05 544.68 13.77 12.19
90
80 - 6
70 LDPC
2 60 -
®
550
2ol
0L . .
[1] Gallager R G. Low-density Parity-check Codes[J]. IRE Trans. on
o Information Theory, 1962, 8(1): 21-28.
oy : : [2] Roy K, Prasad S. Low Power CMOS VLSI Circuit Design[M]. New
0 1.0 1.2 1‘,4 1‘,5 1I,8 zl,o ziz 2[4 26 York: Wiley Interscience Publication, 2000.
(E,/No)/dB [3] Radosavljevic P, Baynast A, Cavallaro J R. Optimized Message
3 1152%2304 LDPC Passing Schedules for LDPC Decoding[C]//Proc. of the 39th Annual
Asilomar Conference on Signals, Systems and Computers. Asilomar,
LDPC USA: [s. n.], 2005: 591-595.
75 Mb/s 3

[4] Ziemer R E, Tranter W H. Principles of Communications: Systems,
Modulation and Noise[M]. 5th ed. New York: Wiley Interscience
8-~ (11) Publication, 2002.

—220—



[5] Wang Kai, Xu Zhiwei. Synopsys Prime Power Manual Release

U-2003.06-QA[M]. New York: McGrawi-Hill Publishers, 2003.

—



