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Concentrations of ammonia in biological processes were controlled by PID controllers and also neural network based
controllers (NN controllers). A flow injection analysis system has been used to on-line monitor the concentrations of ammonia
in a bioreactor. The effect of the analysis error and the residence time of samples on the control performance were studied.
The optimal neural network structure was investigated by using computer simulation and found to be a 3(input
layer)-2(hidden layer)-1(output layer). The NN controller is often time consuming, but it has advantage over the PID controller
in sensitivity. The 3-2-1 NN controller has been applied to control the ammonia concentrations in a simulated bioprocess and
also a real cultivation process of yeast. The good control performance showed that the 3-2-1 NN controller based on the
FIA system can be used to control the concentration of substrates in biological processes very well.
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Figure 1. Set up of ammonia FIA.

Table 1. Standard operating conditions of ammonia FIA system

Ammonia FIA
Carrier flow rate 1 mL/min
Sample flow rate 0.15 mL/min
Indicator flow rate 1 mL/min
Sample injection volume 50 ul
Cyclus time 240 sec
Temperature 26T
Recording frequency 2 Hz
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Figure 2. Backpropagation neural network.
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Table 2. Comparison of PID parameters calculated by Ziegler-Nichols method and Cohen-Coon method

Methods Kp T, (min) Tp {min)
Ziegler-Nichols 12 %1/ (To * S)= 0.12 2*T, =378 Ty /2= 9.45
Trcal / 2 / TL * TI, * (32 + 6 * TL / Treal) / TL * 4 / (12 +2 * TL / Trea])
Cohen-Coon
(133 + T [/ 12 Tew) = 0.784 (13 + 8 * Ty [ Tra) = 33.15 = 5.48

Ammonia {g/1}
N W F-N ¥, AN

[T

Figure 4. Simulation of ammonia concentrations by a PID-controiler
using 3 different controller parameters (set point :

Time [min]

5 g/L).

Table 3. Modified PID parameters calculated by simplex method
(To = 0.25 min), compared with Ziegler-Nichols method and Cohen-

Coon method
Qi =Kpr |q=-Kp (1+2

Methods =KpTp/ T
(1+ To fTo)| To/ To - To/Tp| "~ *7 12 /70

Ziegler-Nichols 4.66 9.19 4.54

Cohen-Coon 17.97 -35.15 17.19

Simplex 0.60 -0.28 -0.18
gl AFgle] AAYel wel TIHE ¥ + U B,
Ziegler- Nichols 33} Cohen-Coon ¥oll 213+ wjM$zHe&
e Aoole 2 Aol B0l A HkHE B 4 o
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Table 4. Simulation results with different neural network structure

Korean J. Biotechnol. Bioeng., Vol. 16, No. 5

Network structure Numbers of connection

Training cycles

Mean errors (without A.E.) Mean errors (with 5% AE.)

3-0-1 3 5000
J-1-1 4 1000
J-2-1 8 1000
3-3-1 12 5000
3-3-2 15 5000

3.0% 83%
2.9% 82%
0.9% 6.2%
> 50% > 50%
> 50% > 50%

A.E. represents the analysis error of an ammonia-FIA system
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Figure 5. Time course of ammonia concemrations in simulation and
experiment by a PID-controller (set point : 0.5 g/L; analysis frequency
of the ammonia FIA : 24 1/hr).
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