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GSH Fermentation Process Modeling Using Entropy-criterion
Based RBF Neural Network Model
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Key Laboratory of Industrial Biotechnology, Ministry of Education, School of Information Engineering, Jiangnan University, Wuxi 214122, China

Abstract: The prediction accuracy and generalization of GSH fermentation process modeling are often deteriorated by noise existing in
the corresponding experimental data. In order to avoid this problem, we present a novel RBF neural network modeling approach
based on entropy criterion. It considers the whole distribution structure of the training data set in the parameter learning process
compared with the traditional MSE-criterion based parameter learning, and thus effectively avoids the weak generalization and
over-learning. Then the proposed approach is applied to the GSH fermentation process modeling. Our results demonstrate that this
proposed method has better prediction accuracy, generalization and robustness such that it offers a potential application merit for the
GSH fermentation process modeling.
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Table 1 Initial condition for Ls(4°) orthogonal experiments

Levels
Factors

1 2 3 4
A: Glucose /(g/L) 25 30 35 40
B: (NH4).SO4/(g/L) 2 3 4 5
C: Urea /(g/L) 3 4 5 6
D: KH,PO, /(g/L) 15 2 2.5 3
E: MgSO, /(g/L) 0.2 0.25 0.3 0.35

F2 L®OEXRRBEIER

Table 2 Data of the orthogonal experiments

Factors and levels Results of experiments

No.
A B C D E GSH DCW '”“gg"_"”'a’
1 1 1 1 1 1 1660 69 2.40
2 1 2 2 2 2 1635 70 2.32
3 1 3 3 3 3 1670 68 2.44
4 1 4 4 4 4 1607 68 2.38
5 2 1 2 3 4 1582 77 2.06
6 2 2 1 4 3 1510 76 1.98
7 2 3 4 1 2 1566 76 2.06
8 2 4 3 2 1 1526 76 2.02
9 3 1 3 4 2 1513 78 1.95
10 3 2 4 3 1 1425 75 1.91
11 3 3 1 2 4 1435 79 181
12 3 4 2 1 3 1447 82 1.77
13 4 1 4 2 3 1435 74 1.95
4 4 2 3 1 4 1447 78 1.85
15 4 3 2 4 1 1510 84 1.80
6 4 4 1 3 2 1447 82 1.76

1 (2)ZU AT A5 AR B/, )3 79 SIS W 4 2
O3 AT 22 B O, ez, AR AR, X T 2R
SR A3 A 1Y 22 0 SN, Y A A 0 A1 o8 A A
(), ARSI % B e RABL (55 T %) o R AT AN~ 1Y
SR W(EL, )R RAEPSE I3 fL(x)Ff506) 19 22 5]
Ko
W(f1, f2)=V(f1, f2)+V(f2, f1)
= —Z f, () log[ f, (%) / f5(% )]—z f,(%)
log[ f5(x;)/ f1(x;)]
=—> f0¢)log[ f;(x)]1-D f,(x)log
6,001+ 3 ,06) 3)
109l £, (06)1+ X £, 0% logl £, %]
4B INGREALELG Yok Xie R yaeR, i=1,
2,... N AT RBF MZEI%, TlTaT LLfi i 5

Journals.im.ac.cn



832 ISSN1000-3061 CN11-1998/Q

Chin J Biotech

May 25, 2008 Vol.24 No.5

HORCHR R4, BIVREAHS A x; FIREA KT Yy A4 B 1]
AR 2ie R d'=d+1) DI RFEAS A x FIfi2
I 2% B T 4 s AR B T A 2 e RY, D
Si={Z'Iz'=(xi, ya) }, Sa={Z"[z"i=(x;, yi)}-

WRIGGEIT 24 (A G SR HR, 25 T8 FEAR AR A {x:},
xie R%, FIJfl Parzen @/z*;—[lz]‘fu{ﬁfrtﬂﬁﬁzli S (7]
HAT 7 — 2 I M5 2% T o

[x=x

ZMﬁﬂeZG (4)

EEPU%%/T\‘H@DEI’J?U” A [] 1 B8R A X g T
AR o {8, 10 H o R /)N B4 52 i 45 Ak 25 2 B Al
THRIRCR . XTI SE A SCR A T AL i 28
Y IIE : (cross validation) K & o o E 7,

G, X FEREE Su M S, AT LI B
BRI B2 bR AL fu(z, o) Fl fo(z, o):

f(x,0)=—

=]

fl(z,cr>:%i(ﬂa)’”e 20° (5)
i=1
-
fy(z,0) == Z(\/ﬂa) e 20 (6)
| -]
% G(z-z,0%)=e 2 ME)RHMB)R TN
f.(z.0) = (*/2_7;\10)_ S 6(2-7.0%) 7)
t=1
f,(z,0 )_(@0) ZG(Z—Z",GZ) (8)

t,=1

AT F 745 v 3 B4 AR ARG %) M BRI R, A
R, TS M 58 585 B 40 A1 1Y) 22 0 00N, 2 AR R AR
IR B e SAB I, PS5 B O3 A1 58 AR [R], R
fo(z, o)Hl f1(z, o)[F) o0 A HeT & 2Z, P25 A FI0I 4
Wy R yaio UL, E LA —FnY B AR
BRI
E, =-W(f, f,)
=-{V(f, f,)+V(f;, f,)]

[ .@)10gL (@)1 £,z + [ £,(2)logl,(2)/ ,(2)]
dz
= [{t(2)llog ,(2) - log f,(2)]+ f,(2)[log f,(2)
—log f,(2)]}dz )
HAE Taylor ZC8URTT, log f(z)RT LA
log f(z)=log[1+(f(2)-1)] =f(2)-1 (10)

Journals.im.ac.cn

¥ (L0) XA (9) 1L i1
E, = [[1?(@)+ 7 () -2f,() f,(2)ldz  (11)
1622 SCHR[18]H, Erhan Fl Jose FE4H#ES: T 0
T

[ 12(@)dz = (Mf“) ZZG(zt ~7,,20%) (12)
t=1t,=1
[ 12 (@) =202 — (m*/—") ZZG(zt ~7,,20%) (13)
t1—1t2—1
[ 1@ 1 (2)dz = (m\/_") ZZG(Zt -7 .20%) (14)
t=1t,=1
¥ (12), (13), (14)4&/\(11)%@7?
E, = ”ﬁf")_ [zze(zt ~2,,20%)
t=1t,=1
+i i G(z, —2,,,20%) - 22 Z G(z, —2,,.20°)] (15)
t,=1t,=1 t,=1t,=1

BTk, A1 RBF @B 7 — T HE
K&V SO AR P D) £ 7 P 70 D) R A, 32 v DU R

I FEAS S BV AR A F, AT AT 280 se R T 2 42
EI’J MSE 0 o5 %5 U RE RS B #E 4T 2 > (R BB o M) ]
BT 35 AR H 00 1 25 T A o DU ) o e B
Ko HfEfs RBF 282802 > R LI (PR 4 S DL
B 58

3 ERERL A

3.1 TEEEIEHR
Xﬂfﬁ MIZ&IT S, 28 I 25 e X I A 2 1)
Wi ) AT, EHeDRE T I ZE I TERE . T T B LA,
SR AN H B M RE 48 PRk DE U A5 B 2 A BE ) AN
%%‘lﬁ[lg,ZO]:
; ﬁl(m -y)? (16)

N _
>y -y)?

I=1

Hrp, o 15 oo, NORREARGEL oM
y N z Yi

[

AN IR AR R A St ) A I SR A £ (o) 2% A 7Y
By 3 AR/, RERRE IR G TR e, 2k
fiE 7R
32 HRES

k3R 2 Pos, g EdE TR 5 AR K
SEAE N RBF 48 B A, GSH itk BEVE Sy 90 2% i ey
o R SEBR & Bt AR AR H R 2k, R B A fE



A TR MED (Y 6 1 1 RBF 23 b T ik & i i 4

833

AN]SR AT A — M, BT AR AT R
Bl R, ASERY () B e — AR R AR A
O, FoAT R 50 B0E ZH A T 10 YR RIFLEE
M AR RIS 0.02, BRI (1) F(15)
FIF 7 B R 28 22 1 U] R 6T RBF M2 A7 I 45, %
S 5 % 0 TN S R Rk

RSB AR 104 A, AT 5N, 1N .
BB U R/ & a0 V1w | ] S Ay L EZSTHEO R
B 9~12 -}, REASASEI LA LS . N T
R, SCHRAN T TN ECR 10 B SR 45
FSLHG AT o AN, T M R A W Slebm e, RIAE
PR T RFB SRR, MBRRE/NT 1070 B, BRI
S, 1 EEA . TR Jackknife #6386 kX AR 7Y
HIZ AL RESEA T 20, BRI 2 Hh i 16 21356 s,
BB 15 AFE N4, T4 n— 4180
FHM, HRIGH 16 K, XFER— B AR S 2 T
— ANTINAE, AR X (16) % SC I e R L 1Y) 32 b RE
1 B B AR bR, XA A PE REREA T IR, SER
FPRTR 3 s, M TREAR, XEEIMME
BT SR M IR SR, LR 4 Rk 5
TR B A 0.00 L% 0.10 B, ITZRAS 21 i I 26
ZHUAE.

M EFE 3 Xt GSH v B I TN 45 S vT LA
V6 B T A A MR B (B 55 3 P AR — A
FIT7R), &0 e A ALY J fHoh 0.6782, Tifk4t
3L MSE HEN] BRI 3 fH R 0.8299, IX 15 HH 3

x4

T U U] B AR Y A B ey, TR BE Sy . BEE
B g AL 0.02 B4 #) 0.20 Rk R, ST
HEN Y RBF 28 A7 o Y J fELAN 0.7021 34 fin ]
0.7444, TifE5: BT MSE HEI Y RBF BE# 1 J {4
N B\ 0.8448 %A 161 %) 1.2065, BIASCHE H Ay 2T
S5 VDU RS R X 7 1Y) J (B AR 2/ N TR SRR B T MSE
WEN R BERYfG J E, 17 H AR fRARRT F 2%, Xk
Ul B 2 00 B A AE M PG DL, RS AR 1) T
BE TSR T e 7Y, IR DB AR A LA 3 i 12
TBRE S A el T4 DCW A4 i B At Py
GSH ¥ BEAE Ry I 2% i 1y, L 2% S 85001 1 B K
SLE R E b, RS A R INR 6. R T FUR,
%3 EXIRE S GSH RE TN AE Lk

Table 3 Comparison of GSH concentration prediction of
the orthogonal experiments

No. Noise Performance index J
RBF networks based RBF networks based

MSE Entropy
1 0.00 0.8299 0.6782
2 0.02 0.8448 0.7021
3 0.04 0.8599 0.7065
4 0.06 0.8708 0.7136
5 0.08 0.8987 0.7184
6 0.10 0.9366 0.7137
7 0.12 0.9887 0.7127
8 0.14 1.0669 0.7190
9 0.16 1.1154 0.7184
10 0.18 1.1964 0.7251
11 0.20 1.2065 0.7444

KEEE A 0.00 Bl ZFEIB MK S

Table 4 The network parameters after training with the noise at 0.00

RBF networks based MSE criterion

RBF networks based entropy criterion

Hidden

nodes Weight Center Weight Center
1 0.546480  (0.898950, 0.162280, 0.474550, 1.227400, 0.097299) 0.603600  (0.023000, 0.663000, 0.680800, 0.680100, 0.665600)
2 -0.404150  (0.673400, 0.235730, 1.160100, 0.755980, —0.176087) 0.982400  (0.000600, —0.013300, 0.015200, —0.002100, 0.018900)
3 1.063400 (—0.102870, 0.089856, 0.230230, —0.662260, 0.083226)  0.479300  (0.357100, —0.005700, 0.314100, 0.662900, 0.982500)
4 1118900  (—0.096623, 0.765440, 1.008200, 0.574690, 0.792860) 0.525300  (-0.005100, 1.008000, 1.001900, 0.988600, 1.017000)
5 -0.068189  (0.102900, —0.115440, 1.142500, 0.330230, 0.672910) 0.443300  (-0.311600, 0.667900, 0.996700, —0.010700, 0.327900)
6 0.233170  (0.408540, 0.995490, 0.763360, 0.251470, —0.021160) 0.388000 (009700, 0.720800, 0.338700, 0.994500, 0.011300)
7 -0.169220  (0.734240, 1.151900, 0.217970, —0.045359, 0.723530)  —0.148500  (0.662600, 0.665500, —0.007800, 0.344400, 0.988400)
8 0.554810  (0.194670, —0.239240, 0.323700, 0.685560, 1.184200)  —0.330600 (0.670700, 0.331900, 1.014900, 0.681200, 0.002300)
9 0.057640  (0.306350, 0.347890, —0.178490, 1.171800, 0.637480) 0.224700  (0.625400, —0.016100, 0.657600, 0.993200, 0.368400)
10 0.035118  (0.108500, 0.316950, 0.679540, —0.124260, 1.131700) 0.131200  (0.336000, 0.995300, 0.679400, 0.327300, —0.022700)
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Table 5 The network parameters after training with the noise at 0.10
Hidden RBF networks based MSE criterion RBF networks based entropy criterion
nodes Weight Center Weight Center
1 —-0.154180 (0.666150, 0.710200, —0.139500, 0.223140, 1.188500)  0.594300  (—0.021900, 0.655100, 0.634400, 0.644400, 0.651300)
2 0.535370  (0.340390, —0.263000, 0.441820, 0.734570, 1.091000) 0.869200  (0.048600, 0.073800, —0.017900, —0.061300, —0.041800)
3 0.976200  (—0.213330, 0.827210, 0.839730, 0.769730, 0.814290) 0.468400  (0.337900, 0.018300, 0.359200, 0.639700, 1.026600)
4 0.206410  (0.387460, 1.171700, 0.661150, 0.382630, —0.162940) 0.441600  (0.295800, 0.653300, 0.974600, —0.036100, 0.349700)
5 0.078432  (1.168600, 0.264760, 0.700420, —0.094746, 1.151500)  0.525500  (0.003400, 0.978800, 0.986800, 1.033000, 0.959200)
6 0.339560  (0.155380, 0.657690, 1.194900, —0.205470, 0.427930)  0.333600  (1.028400, 0.673700, 0.267800, 0.972500, 0.002500)
7 0.960220  (-0.135330, 0.023643, 0.043977, 0.035000, 0.043829)  —0.145800  (0.643700, 0.678800, 0.025500, 0.329600, 1.040600)
8 0.037310  (0.778740, 0.333190, 0.980850, 0.871030, -0.185360)  0.181700  (0.054100, 0.349100, 0.345000 0.343200, 0.266500)
9 —0.166320 (1113500, —0.154050, 1.148500, 0.319980, 0.645980) —0.255200  (0.708000, 0.363000, 1.024500, 0.666500, 0.012900)
10 0.146070  (0.326450, 0.389280, —0.095472, 1.172500, 0.549120)  0.226300  (0.655200, —0.019900, 0.631500, 0.931700, 0.309200)
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Table 7 Comparison of Intracellular GSH content
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Fig.1 Comparison of GSH concentration prediction
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