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Temperature Contro Modd in Fer mentation Process

Wang Bin, Wang Sun’ an
(School of Mechanica Engineering, Xi' an Jisotong University , Xi' an 710049, China)

Abstract : To slve the problem of nodeling temperature control in the fermentation process, a neural network nonlinear
auto regressve moving average(NN2NARMA) nodeling method for monlinear sysem is proposed. In the nonlinear mgp2
ping relation of NARMA nodd , which is expressed by radiad bagsfunction(RBF) neural network , the output undergpes
twoorder lonwZrequency passfilter and the genetic arithmetic that has multi mutation probabilities i s employed to optimize
the parameters (e.g. , ddday of NARMA node and coeficients of filter, etc.). A group of contragting experiments in
beer fermentation process are conducted and the results show that the tenperature errorsfrom the top , midde and bottom
o the fermentation tank by the NNZNARMA node are reduced 3819 %, 1315 % and 6113 % regectively conpared with
Bman neura network nodd . The proposed method is nore dfective to slve the problem of nodeling the termperature cor?
trol in fermentation process.

Keywords: nonlinear system; modeing; fermentation process

, Hman ,
(3]

Azinzadeth!!) , , Hman
[2]

: 2003- 10- 31. : (1976 ), , ; ( ),

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



738 38

1
1
: (y) ,
(u)
2 NN - NARVA
, Billings nma b
(NARMA) : ,NARMA x={n,m,a,b}
, NARMA
4] NN - NARMA (h,
YOO = f(Y(t-1) . .Y(t- ) U(t-1), ye (1) = h(U() . x) 2
u(t- m) (D X X,
YD) =[yi(t), (DT U =[w(t), X s
u(o]7 t i ( , y(1)
) ( s
Y:n m Y U . g(x) ='J§kZI y(t) - h(U(k ,x) | (3
1 g(x) ,9(x)
s ReF ,
[ [ X RBF
= .RBF p(x)
s , p(x)
, p(x)
1 1 y
min g(x) } @
2 NN - NARVIA st.op(x) < py
 Po .
NARMA ,
[5,6]_
' P(x) =€ (I g(x)|+18(p) (5)
' ) or 8 (p)
NN - NARMA (Neurad Network NARMA) . 0
<
(RBF) NARVA 8 (p :{ ;p P (6)
£ PP 2 po
I =[y(t), ,y(t-n, U(t-1, U(t- m] X ,
, X
| | (n

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



739

, 20 ,
4 nmm [1,16],a b
M, Pc, [0,17, P. =013, P, =012, r = 0101,
M P, = = .
Pgnﬁc’ MP. > N P,=20, =013
Pm = () 100, 01005,
P
’ 1. ,
n ; Ph N (8°)
81, 5 115

N S N-1
N OAINI YRz QYR (Nl YR< C :
& v 4 :x1 ={16,15,3,013,012} ; x,

Q ZFi}, 0<Q<1 ®) ={14,6,4,013,012} : x3 ={11,5,14,013,012} .
- “ _ U Y1 Y2 U Ys
o ' \ ’ , 20 Hman
O . 1 ' 3
' NN - NARVA Hman
1 2 .
1 i X ;
X ) Emean
, Enax Hman Emean Emax - ' Y1
’ . ' Exreen 3819%.,Y>  Ememn 1315 %, y
' ' Errean 6113 %.
; Pc '
; B ; 0105 ,
01005
1 2
3
NN - NARMA Hman
s 300 Y1 01023 2 01137 3 01038 0 01143 6
400 t ) Y2 01043 0 01170 7 01049 7 011717

Y3 01045 2 01223 5 01116 8 01268 8

) ug 4
Uz usz, 3
\ ) NARVA
Bl (y1,y2,y3) . 2
NN - NARMA ,
Uy uz, 3 .
NARVA
up U m mpy, x={n,m,
. NN - NARMA
mz, a, b}, , 3 _
yi(t) = h(lu () uw()]" x) Hen
y2(1) = h([u(t) ,w(t)]", x) (9 3819 % 1315% 6113 %:
ya(t) = h([u(t) ,u()]7, xa)
X1 X2 X3

., NN - NARMA

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



740

0 20 40 60 80 100
t/ks

7.6 ) ) R L
0 20 40 60 80
tlks

100

(e)NN - NARMAX ya(t)

) NN - NARVA :

[1] AZmezadeh F, Pdizban H A, Romagroli J A. Online optimal
oontrol of a batch fermentation process usng multiple model
goproach [A]. Proceedings of the 37th |EEE Gorference on
Decigon and Gontrol [ C]. Horida Tanpa : |IEEE,1998. 455

[2] , , .
[3]. ,2001 ,31(4) :502 -

(3]

(4]

(5]

(6]

(7]

(8l

8.40
8.35
8.30
©
~. 8.25
a0 k-,
8.20

8.15
8.10
0

20 40 60 80 100

(b) Bman

8.15

8.10

8.00
= 7.95
-~

7.90

7.85
7.80
0

20 40 60 80 100

[M].

: ,1997.190 - 194.
Wadf N. Nonlinear predictive control usng genetic agorithms
[D]. Saud Arabia: King Fahd Universty o Petroleum and
Minerds, 2001.

: , . NARVA
[J]. , 1997 ,31(9)

11- 17.

, . NARMA ARVAX

[3]. 11997 ,23(3) :332 - 337.
: : [J].
2002 ,36(11) 11170 1 172.

[3]. 2004 ,184(4) :102 - 103.

( )

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



