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Bioprocess Model Challenges

Scale-up of the production
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Monitoring Bioproduction

m Commercial sensors
Indicator of the state of the
process On-line Off-line

Evaluation of performance ? » (Monitoring)

pH HPLC
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Gas composition Biomasse
& Pressure
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Variables Variables

(Hjersted and Hesnson, 2006; Valentinotti et al., 2003; Riascos and Pinto, 2004)
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Data driven soft-sensors

Support Vector Machine
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I ¢ Statistical learning

® Low quantity of parameters to define

¢ Good generalization of the solution
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Support Vector Machine
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Application of soft sensors for B. thuringiensis

B. thuringiensis
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Application of soft sensors for B. thuringiensis

Model
1 2 3 4 [ 5 1 &6 7 8
® 8 different combinations of variables Gaussin Kernel
RMSEt 18935 6496 66.18 5741 | 65.18 [6622 6126 6642
*  Test of Kernel with SVM RMSEv 20750 17457 133.62 152.31 | 129.26 |126.65 165.01 156.05
Quadrafic Kernel
RMSEt  200.74  128.01 103.62 94.75 | 5045 | 5340 191.29 185.30
RMSEv 19430 316.80 16632 175.14 | 138.05 |151.54 228.61 235.21
Lineaf Kernel
RMSEt 21898 20841 18631 17543 | 122.89 | 13442 14546 148.65
1 X, (t) —xp (t) 2 RMSEv 19995 184.66 17475 189.71 | 218.33 |162.90 168.17 172.29
RMSE - ﬁ T (t) Predictors
heN oD 0 0 0 1 1 1 1 0
Bio 0 1 1 1 1 1 0 0
Gle 0 0 1 1 1 1 0 0
p0O2 1 1 1 1 1 1 1 1
Agit 0 0 0 0 1 1 1 1
pH 0 0 0 1 1 1 1 1
Aer 0 0 0 0 1 1 1 1
Fl 0 0 0 0 0 1 0 0
Sp 0 0 1 1 1 1 0 0
Log(Fl) 0 0 0 0 0 1 0 0
Log(Sp) 0 1 1 1 1 1 0 0
g Strain 1 1 1 1 1 1 1 1
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Model

1 2 3 4 5 6 7 8
Gaussipn Kernel
RMSEt 189.35 1 64.96 66.18 57.41 65.18 66.22 61.26 66.42
RMSEv  207.50 | 174.57 133.62 152.31 | 129.26 |126.65 165.01]) 156.05
Quadrafic Kernel
RMSEt 200.74 128.01 103.62 94.75 50.45 53.40 191.29] 185.30
RMSEv 19430 31680 166.32 175.14 ] 138.05 | 151.54 228.61] 235.21
Lineaf Kernel

RMSEt 218.98 208.41 186.31 17543 | 122.89 | 134.42 145.46] 148.65
RMSEv  199.95 184.66 17475 189.71 | 218.33 |162.90 168.17] 172.29
Predictors
OD 0 0 0 1 1 1 1 0
Bio 0 1 1 1 1 1 0 0
Glc 0 0 1 1 1 1 0 0
pO2 1 1 1 1 1 1 1 1
Agit 0 0 0 0 1 1 1 1
pH 0 0 0 1 1 1 1 1
Aer 0 0 0 0 1 1 1 1
Fl 0 0 0 0 0 1 0 0
Sp 0 0 1 1 1 1 0 0
Log(F1l) 0 0 0 0 0 1 0 0
Log(Sp) 0 1 1 1 1 1 0 0
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Conclusions

® SVM was successfully implemented to estimate protein in fed-batch cultures with different strain types.
® The results proved that the developed soft-sensors are attractive and simple alternative for monitoring.

® The combination using only online measurements is good and preferred due to extrapolability to other
conditions and industrial application

»  Training and validation of SVM with other more experimental data.
»  Training and extension to different conditions.

»  Experimental validation of soft-sensors and control strategy ¥
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