HWAHAK KONGHAK Vol. 28, No. 1, February, pp. 11-21

(Journal of the Korean Institute of Chemical Engineers)

A

i

myt WEHLS Il ZAHsE ofX|E Ao
Part 2. WX HIZH oL 28 #HEE A

gdE - 0|FY - S - olHET

g2 oes1 49 shehast
A7 m gk
(198913 54 11« A<, 1989 8 10 =)

Digital Control of Cell Mass Concentration in Continuous

Stirred Tank Bio-Reactor
Part 2. Cell Mass Control Using Bilinear

Adaptive Control Algorithms

Young Bo Hwang, Gyeongbeom Yi, Ho Nam Chang and Kwang Soon Lee*

Department of Chemical Engineering, Korea Advanced Institute of Science and Technology, P.O. Box 131,
Cheongryang, Seoul, Korea
*Department of Chemical Engineering, Sogang University, Seoul, Korea
(Received 11 May 1989; accepted 10 August 1989)

2 of

ETAE AguFgA Aojol vl FRe =AY HGAAY|7F AdEIgich wiokE AL wlRo] Aol
MHFZ et 7kalE SISO 4dat melz dehgiglon], Ao} dmejEEe 4

FA7) e HAAF oiws A AddislE gt A AoirlE 23e H, AAMSES SHRSR
AAgto 2 AAsiglon], ztt BAC Mzt al#do] 7}z
SBAC (g 4zt H-34o}), 12)z SDC(%
AEuR7lol A AP wlAdY AZA|r|7t wER =k FEAE ke
WIBAC 2} tfdA 2idoll tidh o) &4 Fujs =gt

\3 ny r-l-‘
ole
)
_2
z
ox]
>
2

Abstract— Four bilinear adaptive controllers were developed for control of a continuous yeast cell cultivation pro-
cess. The process was described by a SISO-bilinear model having only one unknown time-varying parameter. Each
control algorithm was designed by combining exponential data weighting least squares parameter estimalor and gener-
alized one-step ahead controller, and the design variables were ggt to specific values. Those algorithms were named
BAC(Bilinear Adaptive Control), WIBAC (Weighted Input Bilinear Adaptive Control), SBAC(Simple Bilinear Adaptive
Control), and SDC(Simple Digital Control). Experiments in a laboratory scale CSTBR demonstrated that the developed

bilinear adaptive controllers had satisfactory dynamic properties. A theoretical proof of global convergence of WIBAC
algorithm was established.
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Table 1. Brief comparisons of the four bilinear
adaptive control algorithms

BAC WIBAC SBAC SDC

Input Eq.4) Eq.(49) Eq.(12) Eq.(15)
calculation

Parameter  Eq. (6) Eq.(7) Eq.() Eq.(13)
estimation

Design T,m,e ap, Py a,P, T,Do
variable Do,“', D,, T, o, DO T, DO

Locality of general m=k+1 w=00f m=1,
algorithm  case of BAC WIBAC w=00of

BAC

BAC; Bilinear Adaptive Control

WIBAC; Weighted Input Bilinear Adaptive Control
SBAC; Simple Bilinear Adaptive Control

SDC; Simple Digital Control
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Table 2. Experimental conditions

A. Culture conditions

Reactor volume 2!

Temperature 30°C

pH (IN HC], NaOH) 5
B. Equipments

APPLE-Ile

Spectrophotometer

Peristaltic pump
C. Medium compositions

Glucose 20g/
Yeast extract 3gh
Bacto peptone Sgh
Malt extract 3gh

D. Micro-organism
S. cerevisiae (ATCC 24858)
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Fig. 3. Cell mass concentration control with bilinear model adaptive controller(a) and estimated param-
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Fig. 5. Cell mass concentration control with bilinear model adaptive controller(a) and estimated parame-
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Fig. 6. Cell mass concentration control with bilinear adaptive controller with setpoint 5 gfl (SBAC;
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Table 3. Initial choice and converged value of pa-
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DeviatiorN Step-up Tep-down Step-down
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Converged “ 8.1x1073 51x103 7.12x10*
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Table 4. Brief comparisons of the three control

performances
Controller SDC SBAC P ‘511%‘3% 00
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Control Fig. 4 Fig. 5 Fig. 6 Fig. 7
results
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NOMENCLATURE
a : unknown parameter, scalar
ax : estimated parameter of ay
4, : reconstruction error of ag

: upper bound of control signal

D, : dilution rate [hr']

E, : general error function

J¢ : control objective function

k : descrete-time instance

P, : covariance of data, scalar

q~ : shift operator

S¢ : loss function of parameter estimation

t : time index [hr]
T : sampling time [hi]
Xa, : arithmetic averaged signal

X : cell mass concentration [kg m™]
. set point of X (kg m~]

letES Hi28H X1z 19904 2EH

€ R > vy

10.
11.

12.

13.

14.

15.

. Parulekar,

Greek Letters

: damping factor

: forgetting factor

: specific growth rate [hr)
. weighting factor
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