i o T TR e R T
LT s R S e
1.2 Fed-Batch Fermentation Processes by Conventional Methods . .
1.3 Artificial Intelligence for Optimal Fermentation Control ......
1.4 Why is Artificial Intelligence Attractive for Fermentation

IRl T 2 R T T A ME S B Y Bebl B s Provd bid pisr BNLE = < s
1.5 Why is Experimental Investigation Important

S Ferinentation B0adR Ty FoRl b DTN v S ok s <ok B
RN 0P the Book ............ ... comimeloterdd - o3 X-
ISRl IOTTUI TR, P oI TR, P T

Optimization of Fed-batch Culture.........................
AR D L ) SRR e S STV IV S PO TR SEr  PURER ML TR e
2.2 Proposed Model and Problem Formulation..................
S Cenchle Algonifhan <o 3l . toovii skl vosa el i fatald L.
2.4 Optimization using Genetic Algorithms

based exi-the Process Model.t. Jevol. scadadl Jedoiad bt 5l
R R exi dabIbeanlbs s Je. e Sormendul Ol aruirtsn. Ja  Ule U
S Hondlnsinmnt o de 2EEadpad SR sathrs s 8 pere a i DY

On-line Identification and Optimization. .. ... .............
PRI el ion.. ie. showie i Rizure -3 1. (P ke acheniabie dinaran: 5
3.2 Fed-batch Model and Problem Formulation .................
Rt R olosr IPRapiERd -ban aooumet foon » Kaied 43t o - piwh

R Binsvinatonl Banltn. ... cicitization « & axbdbgte SRS wiaf s binh <5 d «
PR R IR -+ 3 Crtrambatian «stOcewses £ s 5 dtRaime oy capea fay

On-line Softsensor Development ...........................
IR VRN LTI o 8 o an i anb Easdl god s e Pt lint s = st st Eibla = « = «
4.2 Softsensor Structure Determination and Implementation. ... ..



VIII Contents

4.3 Experimental Verthcation’ i, .o L0 IR L A v i 49
A ) S Y O o e . ... . s rencnnannen 56
5 Optimization based on Neural Models ..................... 57
T TR w1 e iy ey Py W W a7
5.2 The Industry Baker’s Yeast Fed-batch Bioreactor............ 58
5.3 Development of Dynamic Neural Network Model ............ 58
5.4 Biomass Predictions using the Neural Model ................ 62
5.5 Optimization of Feed Rate Profiles. . .................... ... 66
L e 70
6 Experimental Validation of Neural Models................. 71
T e o e s n s 40 s 6 000 aa s a i easns 71
B T B R R s b hh s 1% o1 100 0t 0 nn s bmni s 72
g8 Exparimantal P ro o TR e i s v 5e s 650 00 g8 e s e e 74
L T B N T TR et e £ 5 7.8 o 8 ¢ & &g & % p At 80
B R L L T T CT N o it L .84 8 S &, Eu0od © 00 & * 89
7 Designing and Implementing Optimal Control ............. 91
7.1 Definition of an Optimal Feed Rate Profile.................. 91
7.2 Formulation of the Optimization Problem .................. 94
7.0 Optimigetion P receture s o e e TR U T L a1 ausns 95
7.4 Optimization Results and Discussion....................... 097
o R i e L]y () n - AU B QP e o e 2 o0 o Py o ks i 108
R D R R SRR i 109
L Sl - LT R A e e iy s i e e ] 109
2.0 - Bupgestions for Pubiire TEgermaly /o &0 fa 2t T n e e e ss s vaas 110
A A Model of Fed-batch Culture of Hybridoma Cells ........ 111
B  An Industrial Baker’s Yeast Fermentation Model .......... 113

R DB B . . i st ra i o b e R e Lk mnd oo et ity 117



