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Evolutionary Algorithm Implemented in the Interactive System for Education 

in Modelling of Bioprocesses

Fig. 1a, b. Setting up a 

fermentation process model 

and metaheuristic algorithm 

parameters in InSEMCoBio



X– the concentration of the biomass, [g/L],

S– the concentration of the substrate (glucose), [g/L];

F– the feeding rate, [L/h];

V– the volume of the bioreactor, [L];

Sin– the initial glucose concentration in the feeding solution, [g/L];

μ– the specific growth rate described by Monod kinetics, [1/h];

μ– the maximum growth rate, [1/h];

kS– a saturation constant, [g/L];

YXS– a yield coefficient, [-].
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Mathematical Model

The application of the general state space dynamical model to the fed-batch cultivation 

process of bacteria E. coli leads to the following nonlinear differential equation system :



Fig. 1c Visualizing the results of the identification procedure in InSEMCoBio

Experimental Data and results



Multistep Modeling of a Class Bioprocesses

Fig. 2 Operational model of class bioprocesses 



Experimental data of fed-batch phytase production
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Fig. 3 Experimental data of biomass and phytase concentrations



Experimental data of fed-batch phytase production

Batch phase

Exponential growth 
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Stationary phase

Fig. 4 Experimental data of substrate and acetate concentrations



Results

qsmax ks kis qomax kos kio qacmax ka kia k1 k2 k3 k4 k5 k6 k7

1 

phase
4.19 0.19 5.54 1.1 2.15 0.088 0.082 1.17 - 3.69 0.557 0.19 4.6 1.41 2.66 0.45

2 

phase
34.24 0.79 1.83 0.469 2.53 0.197 0.143 0.97 0.246 2.08 2.167 0.05 4.1 2.88 1.52 0.5

3 

phase
77.11 0.47 12.3 2.1 3.29 0.134 0.002 0.295 0.228 16.6 11.66 0.42 9.9 39.45 9.53 0.56

Table 1. Estimated kinetic parameters



Fig. 5 Simulation results – models values of the biomass, substrate, acetate, and product

concentrations are compared with experimental data for the three phases: batch phase – green

lines, exponential growth phase – red lines, and stationary phase – blue lines.

Simulation results



Fig. 6 Simulation results – models values of the three specific growth rates for the three phases: 

batch phase – green lines, exponential growth phase – red lines, and 

stationary phase – blue lines.

Simulation results



Biochemical model

When When

Adaptive Biomass Observer in Fed-batch Cultivation of Escherichia coli on the 

Basis of On-line Measurements of Oxygen

(1)



Adaptive Biomass Observer in Fed-batch Cultivation of Escherichia coli on the 

Basis of On-line Measurements of Oxygen

when

where

Operational model

Operational model when qs < qs,crit

(2)



Adaptive Biomass Observer in Fed-batch Cultivation of Escherichia coli on the 

Basis of On-line Measurements of Oxygen

when

where

Operational model

Operational model when qs >= qs,crit

(3)



Adaptive Biomass Observer in Fed-batch Cultivation of Escherichia coli on the 

Basis of On-line Measurements of Oxygen
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Adaptive Biomass Observer for the case 

(4)



Adaptive Biomass Observer in Fed-batch Cultivation of Escherichia coli on the 

Basis of On-line Measurements of Oxygen
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Adaptive Biomass Observer for the case 
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Adaptive Biomass Observer in Fed-batch Cultivation of Escherichia coli on the 

Basis of On-line Measurements of Oxygen

Figure 7

(a)

(b)



Adaptive Biomass Observer in Fed-batch Cultivation of Escherichia coli on the 

Basis of On-line Measurements of Oxygen

Figure 8
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Adaptive Biomass Observer in Fed-batch Cultivation of Escherichia coli on the 

Basis of On-line Measurements of Oxygen

Figure 9
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Adaptive Biomass Observer in Fed-batch Cultivation of Escherichia coli on the 

Basis of On-line Measurements of Oxygen

Figure 10

(a)

(b)



Adaptive Control of Protein Production Bioprocess with Three Physiological States

Ra = 0    oxidative growth on glucose

Ra > 0    oxidative-fermentative growth on glucose

Ra < 0    oxidative growth on acetate

Operational process model describing three physiological states

(6)



Adaptive Control of Protein Production Bioprocess with Three Physiological States

 

Figure 11 Cascade structure of the software sensor for monitoring of three 

metabolic states



Adaptive Control of Protein Production Bioprocess with Three Physiological States

Oxidative growth 

on glucose

Oxidative growth 

on acetate

Oxidative-fermentative 

growth on glucose

𝑑𝐴 

𝑑𝑡
=  𝑅 𝑎𝑝 − 𝐷𝐴𝑚 + 𝑤1(𝐴𝑚 −  𝐴  ) 

𝑑𝑅 𝑎𝑝

𝑑𝑡
=  𝑤2(𝐴𝑚 −  𝐴  ) 

 

𝑅 𝑋2 =  𝑅 𝑎𝑝 𝑘3  

 
𝑑𝑆 

𝑑𝑡
=  −𝑘1𝑅 𝑋1 −  𝑘2𝑅 𝑋2 − 𝐷𝑆𝑚 +

𝐹𝑖𝑛 ,𝑆

𝑊
𝑆𝑖𝑛 + 𝑤3(𝑆𝑚 − 𝑆 ) 

𝑑𝑅 𝑥1

𝑑𝑡
=  𝑤4(𝑆𝑚 −  𝑆 ) 

𝑑𝑋 

𝑑𝑡
=  𝑅 𝑋1 +  𝑅 𝑋2 − 𝐷𝑋  

𝜇 1 =  𝑅 𝑋1 𝑋   

𝜇 2 =  𝑅 𝑋2 𝑋   

𝑑𝑆 

𝑑𝑡
=  𝑅 𝑆 − 𝐷𝑆 +

𝐹𝑖𝑛 ,𝑆

𝑊
𝑆𝑖𝑛 +  𝑤5(𝑆𝑚 − 𝑆 ) 

𝑑𝑅 𝑆

𝑑𝑡
=  𝑤6(𝑆𝑚 − 𝑆 ) 

𝑑𝑆 

𝑑𝑡
=  −𝑘1𝑅 𝑋1 −  𝑘2𝑅 𝑋2 − 𝐷𝑆𝑚 +

𝐹𝑖𝑛 ,𝑆

𝑊
𝑆𝑖𝑛 + 𝑤3(𝑆𝑚 − 𝑆 ) 

𝑑𝑅 𝑥1

𝑑𝑡
=  𝑤4(𝑆𝑚 −  𝑆 ) 

𝑑𝐴 

𝑑𝑡
=  𝑅 𝑎𝑐 − 𝐷𝐴 + 𝑤5(𝐴 −  𝐴  ) 

𝑑𝑅 𝑎𝑐

𝑑𝑡
=   𝑤6(𝐴 −  𝐴  ) 

𝑅 𝑋3 =  −𝑅 𝑎𝑐 𝑘4  

𝑑𝑋 

𝑑𝑡
=  𝑅 𝑋1 +  𝑅 𝑋2 + 𝑅 𝑋3 − 𝐷𝑋  

𝜇 3 =  𝑅 𝑋3 𝑋   

𝜇 1 =  𝑅 𝑋1 𝑋   

𝜇 2 =  𝑅 𝑋2 𝑋   

Figure 12 Observer based estimators grouped, depending on the physiological state of the process



Adaptive Control of Protein Production Bioprocess with Three Physiological States

𝑭 =
 𝑾. (−𝝀 𝑺∗ − 𝑺𝒎 + 𝒌1 𝑹𝑿1 + 𝒌2 𝑹𝑿2 + 𝒌4 𝑹𝑿3

𝑺𝒊𝒏 −𝑺𝒎

Adaptive Control and Results

(7)



Adaptive Control of Protein Production Bioprocess with Three Physiological States

Figure 13 Linearizing control algorithm investigation



Figure 14 Open loop control  for the fermentation according the experimental data

Adaptive Control of Protein Production Bioprocess with Three Physiological States



Further research and work on the system 

Two modules have been planned initially as part of the interactive system

InSEMCoBio.

The module for model parameter identification of the system is currently

under development. It will be further expanded with new hybrid

metaheuristic algorithms and different models of cultivation processes.

The work on the system InSEMCoBio will continue further by developing the

second module for an adaptive control design
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