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Fer mentation process TSK fuzzy mode ing based on entropy criteria

TAN Zuo ping®®, WANG Shi-tong®, DENG Zhao-hong®, DU Guo-cheng”
(a. School of Information Engineering, b. Key Laboratory of Industrial Biotechnology of Ministry of Education,
Jiangnan Universty , Wuxi 214122, China. Correspondent: TAN Zuo-ping, Email : zuoping_tantan @126. com)

Abgract : A TSK fuzzy modeling approach based on entropy criteriais presented in this paper. It consders the whole
distribution structure of the training data set in the parameter learning process, which is different from the traditiona
M SE-criteria based parameter learning , and eff ectively avoids the bad generalization caused by over-learning. Then the
proposed method is applied to the complex fermentation process modeling, and the results demonstrate that this
method has better prediction accuracy, generalization and robustness. Such that it offers a research viewpoint to
circumvent the problem of the prediction accuracy deteriorated by noise existing in the corresponding experi mental
data.
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e TSK
) 3.1
(EPY M SE
f1(xi)
fa(x)
. V(f1,f2) =
2 TSK - zfl(Xi)log[fl(Xi)/ fz(Xi)] < 0. (4)
2.1 TSK (4)
TSK (78] ,
, ( )
Ri:if xcis A, and x2is A  and W (f1,f2)
XdiS Aid , fl(Xi) fz(Xi) .
then y = po + puxa + + paXa. (1) W(f1,f2) = V(fs,f2) +V(f2,f1) =
‘R i (i=1,2, ,M),M - zfl(Xi)Iog[fl(Xi)/f2(Xi)]'
;X j (j=12, ,d, , . 1 =
g A, ZfZ(X|)|Og[f2(X|)/fl(Xl)] =
Ai (x) = e-(xj-a”)zlbizj i i Zfl(xi)log[fl(xi)] -
Xj Zfz(Xi)|Og[f2(Xi)] +
-y i . (1) , TSK Zfl(xi)log[fz(xi)] N
. Zfz(Xi)|Og[f1(Xi)]. (5
X = (X1,X2, ,Xd) ,TSK 3.2
y yi {xi,ya}. IXi R , Y
Mo M R,i=1,2, ,N. TSK
v= 3wy W, @ |
Y Z RY ( d =d+1)
) d Xi Yi
w' = ‘ElAij (xj). 7" RY
2.2 MSE TSK S ={Z | Z = (x,vyd)},
S ={Z | Z = (x,y)}.
M SE {x},x R, Parzen el
Loy w2
E = 2NZ(y. - ya)©. (3 K o e
3) , f(x0) = NiZ(ZTG) e 2 | (6)
o
c , ©
A
(6) , S S,
, f1(z0) f2(z0)
3 TSK 1 N y _uz-z-z I
ek fi(zp) = 5 6T0) ‘e = (D)
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G(z- Z0%°) =€ = (mn (3 2 Z;G(zﬁl - 7, 0%)]. (17)
f1(20) = S IO c o, gy (g
dth M SE
f2(z0) = Loy ZZG 7 0% . (10
, N 0%).
3.1 TSK
3.3 TSK
' ( (17) )
f2(z0) f1(z0) TSK
Yi Y. 3
plt+D = pl() - n 5=, (19
E =- W(f1,f2) = iipzj
- [V (f1,f2) +V(f2,f1)] = a(t+1) =a( -r da, ° (19)
If1(2)|Og[f1(Z)/f2(Z)]dZ+ bij(t"'l) _ b}(t) o (20)
Ifz(z)log[fz(z)/fl(z)]dz: : t=0,1, :n n i =
1,2, M;j=1,2, ,d
J’{fl(z)[logfl(z) - logf2(2)] +
f2(2)[logf2(2) - logfi(2) ]}dz. (11)
Taylor Jlogf(2) (EPS
logf(2) =log[l+ (f(2 - 1)]= f(2 - 1. 4.1
(12) (EPS)
(12) (11)
= :J'[ff(z) + f5(2) - 2f1(2) f2(2) |dz
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[10] ,Erhan :
J’fi(z)dz =
(ﬁ /?22)"1 NN . 4.2 J
N llzlzze(ztl - 2,,07%), (14) |
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1
Factors and levels Factors and levels
EPS EPS
T C | L T C |
1 8 0 2 1.5 2.29 + 0.41 28 20 0.3 5 1 1.90 £0.44
2 8 0.2 8 3.5 3.43+£0.12 29 8 0.2 4 3.5 2.68 £ 0.42
3 25 0 4 1.5 5.16 £ 0.73 30 8 0 4 2 2.65 +0.45
4 8 0.2 2 2 2.38 £0.62 31 8 0.2 2 1.5 2.51 +0.66
5 25 0.2 2 2 4.51 +£0.37 32 0.2 8 2 1.99 £0.07
6 25 0.2 8 2 5.32+0.12 33 25 0 4 3.5 5.04 £ 0.16
7 20 0.2 8 1 1.64 £0.18 34 40 0.2 4 1 1.88 £0.05
8 4 0.2 4 1.5 1.54 £ 0.04 35 2 0.2 4 1 0.65 £ 0.46
9 25 0.2 4 2 5.20+£0.24 36 8 0.2 8 2 3.55+0.40
10 25 0 8 1.5 5.66 £+ 0.76 37 8 0.2 4 1 1.20 £ 0.05
11 8 0 4 1.5 2.80+£0.01 38 20 0.2 4 1 1.70 £0.18
12 20 0.1 5 1.80 £ 0.50 39 25 0 2 3.5 4.61+0.73
13 10 0.2 4 1.35+0.64 40 4 0 8 1.5 2.26 +£0.48
14 4 0 4 1.5 1.43+£0.15 41 4 0.2 8 3.5 2.17 £0.39
15 25 0.2 4 1.5 5.22 +0.57 42 20 0.2 1 1 0.80 £ 0.69
16 4 0 2 2 0.98 £ 0.58 43 4 0 2 3.5 1.02+£0.34
17 8 0.2 4 1.5 2.91+0.32 44 25 0 2 2 4.90 £ 0.57
18 8 0.2 8 1.5 3.79 £0.53 45 4 0.2 2 3.5 1.11+£0.21
19 4 0.2 2 1.5 1.08 £ 0.42 46 20 0.2 5 1 1.95+0.26
20 4 0.2 4 1 0.80 +£0.51 47 20 0.2 3 1 1.40 £0.13
21 25 0 4 2 5.40 £0.12 48 4 0.2 8 1.5 1.98£0.79
22 4 0 4 2 1.59+£0.34 49 4 0.2 4 2 1.60 £0.73
23 25 0 8 3.5 5.13+0.30 50 4 0.2 4 3.5 2.53+0.28
24 8 0 2 2 2.59 + 0.59 51 25 0.2 2 3.5 5.04 £ 0.69
25 8 0 4 3.5 2.87 £0.47 52 4 0 8 3.5 2.25+0.12
26 8 0 8 3.5 3.78 £ 0.52 53 20 0.4 5 1 1.86 £0.26
27 4 0 8 2 2.21+0.71 54 25 0 8 2 5.64 + 0.66
'L lactose/ (g/1) , T triammonium citrate/ (g/1) ,C casein hydrolysate/ (g/1) |1 inoculum sze/ (vol %) .
(3) (17) 2 J 0.8810.
, 2 , M SE
4 , M SE )
11 ,
, 7,8,9,10,11 ,
8 1
2 , )
10" M SE ,
TSK 2 20 %. ,
2 TSK 0 20% , 16
TSK J
J J o !
MSE 44 10 8 0.3566 0.8810 - 3
44 10 8 0.4962 0.6889 0.7 f
. M SE
2 , 0%
J 1
0.4962, J 0.6889; '
M SE J 0. 3566
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3 1
MSE
J J 5
1 0.0 0.8810 0.6889 TSK
2 0.01 0.9521 0.7246 ,
3 0.02 1.0852 0.7446
4 0.03 1.1292 0.7438 ’
5 0.04 1.1616 0.7641 (EPS) ,
6 0.05 1.1830 0.7933
7 0.06 1.2195 0.8051
8 0.07 1.1960 0.8063 ’
9 0.08 1.2237 0.8170
10 0.09 1.2291 0.8068 ,
11 0.10 1.2531 0.8124
12 0.12 1.2330 0.8235
13 0.14 1.2689 0.8201 ( References)
5 o  some __ ow e )
16 0.20 1.3141 0.8733 12004, 33(3) : 314-317.
' 1 (Du F,Lé M, LiuQ. Advanced control infermentation
14 process[J]. Information and Control , 2004 , 33(3) : 314
317.)
ﬁ h2 MSE3# | (2] I .
fﬁ 1.0 [31. , 2006, 13(2) : 152-153.
< i (Gao X J, Wang P, Sun C Z, et a. Modeing and
= 08 LATTETETT J@T&NU optimization control for the microbiad fermentation
0 process[J]. Control Engineering of China, 2006, 13(2) :
0 4 8 12 16 20
M B/ 10° 152-153.)
[3] , :
1 [J]. , 2000, 15(5) : 523
526.
M SE (Yin M, Zhang X H, Da X Z. Diswlved oxygen
predictive control based on fuzzy neural networks for
, ' fermentation process[J]. Control and Decison, 2000 ,15
, EPS (5) : 523-526.)
1 [4] , :
[J]. , 1999, 16(3) : 53-55.
EPS ! (Meng H,Fu X M, Cao G P. Neura network fuzzy
2 control of critric acid fermentation process[J]. Hebei J of
, (EPS) Industrial Science and Technology, 1999, 16 (3) : 53
) 55.)
, , [5] , TSK
50 2 [3]. , 2006 , 23(4) : 343-346) .
N ’ 4 (Feng B, Xu W B. Biochemical variable estimation model
based on TSK fuzzy system[J]. Computers and Applied
Chemistry , 2006, 23(4) : 343-346.)
) [6] : : : [M].
MSE 8 1.1197 + 0.1807 , 1999.
8 0.9240 £0.1210 (Bian Z Q, Zhang X G, Zhang C S, et a, Pattern
) recognition[ M]. Beijing: Press of Tsnghua Universty,
M SE 1999.)

( 1181 )
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- 3.3069 3.0783
K: = KB =
- 1.6861 - 0.693
- 1.8879 10.143
Ks = KAB = .
- 9.0157 6.710
2

z(k+1) = (A- GC) z(k) + Gya(k) + Bu(k- 2),
u(kk = Kiz(k) + Keu(k- 1) + Ksu(k- 2).

x(-2) =[52-60]",
x(-1) =[-5354]",
x(0) =[5205]", z(0) =[12-1-2]",
u(- 1) = [34]", u(-2 =1[-36]".
, 1
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