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Abstract— A new adaptive dissolved oxygen tension (DOT) control algorithm considering DO probe dynamics
has been developed. The adaptive algorithm was used to compensate for time-varying properties of bioreactor
dynamics. The probe dynamics are considered because the widely used membrane-type of oxygen probe has a time
delay that makes it difficult to properly control the DOT. A bilinear model including two parameters was used for DOT
dynamics in a bioreactor. Air flow rate and agitation speed were used as manipulating variables. The parameters were
estimated using the regularized constant trace method. A one-step ahead control algorithm with resetting scheme was
used to establish the control law. The new control algorithm performed better than the other control algorithms tested,
PID control and adaptive control without a scheme for DO probe dynamics compensation.
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Fig. 1. Step response of oxygen probe (log scale).
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Fig. 2. Block diagram of bilinear adaptive control
of dissolved oxygen concentration in
batch fermentation.
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(a) the control results with the tuning parameters of K.=5, 7,=24,7,=3
(b) the control results with the tuning parameters of K,=2,7,=25,7,=6
(c) the control results with the tuning parameters of K,=0.8, r;=25,t4=10

Air flow rate (L/min)

297

HWAHAK KONGHAK Vol. 28, No. 3, June, 1990



sho] wfofele] §F AlAFET} 9087 ol oig ql
ZhsHA wske Abglol A AlaA FollAle] 3ghAZEA|
(transportation lag) Aol ofsl Azdh A4 4k
F5g AR5 Rl wAE Aoz Agztset,
Fig, 4a, b, collA] B vj9} o] o|AE 3] &ufek
%Zé% zdodde o] A7)e) wlE FEA Wi}
#ab ope} £ AbaATo) SAIHG 5 o
UEe 554E AYm QU] dlfel 342 S
9 554E BARlY R2E Ao)7)7} A=A

[} o1 o
ol §F AkFEE U Aol £ g Aoz
B7ech

4-2. HEHof

Aupd o 2 A-gAlojAlad ol AA7lel|A] FA 5o
of sz wirt Hokxd AlAbEE FA43] F7et
I AejdnEr SxsA g AlelE Fdsl7t
olgich[22], & A-7old N &F ALFE T5A
Aol Hz=le} Qe wAle fAHS 4= S
7ol Mo abadw S vepiz] A 7P 71EH
ol keaol #AEE o9 OUR, &, F 7H2A] ®l
2 7hehe Aol 7% o] F=5 sl

SF ALTE FHAL o] BollA T3 (6)4]2E
EpiAl sloh, £ Aol ARG AbaA =] 79t k,
v 247k 1029} 0,05%e190ch, (6)4e] C, ()4 vlE

e FoAl Sl LA B (T Bold 343
gol Aalxl7] ol T, 122 ohod Clk-d) % 7+
apeic,

tizig PID #Alez Aold 29e 7bed sam-
pling ZHAE @A stol AREshe el Alel4
Fole UduwpAal ol x]qt H LA ololdE sam-
pling A17ke] Zo|7} Aols} oM FHoll M2 At
A 33kS n]X 7] wjfol H-SAejol 2] sampling
A7k AAL PID Aole] 7ol mlgle] Bl
Rohrs 5[23]¢] cjAlet H-Gallo{7] Al Fdt A
o= 78 AojA|ar welg ol oA 7t
5l Ala"el unmodeled 54| 2& v, sampling
AZFe 34 Bl A2 AleiAe HA4E 2§
71 Yt Adimies Fasichw slao, =M

sampling 7+7o] Holx® whelA) ket Alofeol] wheds]

PNy (e

2

ster3a;

X287 X3z 19907 63

= Aregks a9bE Hojzo 2 Aoy 52 oksluic],
wehi] Aojg} o FA0] nE AEE sampling

p=
1AL A AL AoIAEE S 7zAe)

o
[
u

dAs Tag FAloldh, mak £ ATl dep
F Aol EAst A=Y A7 AS BAbshe #

oA = o4 F235c}, A4 olE52 sampling
Aol 2gE cofniAlY ¢l&g 27-8le, ol
T3 AL A7t Wolx|A Hel, 3‘%}741 o 4ke] o &
3 Be AAE 275k 5 F
d%oﬂ*it THAl2] Abey
ik @l%’ﬂ% /‘F& }—x— 14|°1°ﬂ Hlodsl e AdEks 5
2]7] $13led sampling A7 522 ‘é’f;*ﬁP% =
ofj 7l =3 Aol] A}8-3} regularized constant trace
iy e oluprlo g de) AEE 3 9y data weight-
ing recursive least square parameter estima-
tion #r 9] chA& FNAE7] Yle] AMuE Aoz A
el el excitation ©] 2Hg ] A2 FHALY
3 F,7} A543 22 Z7}5k= estimator wind-up &
A& sl fete] FEANYEe trace ¥E T4
AAZ Z(C))ez FlgHA & $ut ohlz} £3 4
28 R 173k (eigen value)Eo] 0] He
$lsted ohA] FEARYE
A7k HeleH15],

singularity ¥A41& u=jsl7] ¢
o ozt %1'@?} #*(C I)
Fig, 5a = 4k

1 T o
FH= °—J°Pﬁ'-7l %H = *&i%i—?@ﬁ[ (6)41%
ARgahA] e (5)*412.% Azg) mElAS 45l
AgA g Arfelet, & Abb¥E a2l IR
wstoll At Al 5H Aol A FEA ol F=isA]
%t AE B 4 e oldd Ao ohe st el A
dE 4 ok AkaA S FEAS skl g 4l
4dFe] FHPE HEIIH AA §E AliEsE
el & AbagEot ole] BRG] =ekglEel
E E7em Ak Fole SR Add el ofs

of Alol7l 287 £ ez AT Wil 47
sgolaon Aojolag FAAIIA ek, webd 4t
sAFel e SRAAAT FT walsA &
z gasre) BAG R4 A5Hom AL
AERAL A2l 4 9% Aew A7 Fig, 5b
£ dedFel FEAAS FE Aol 234

i
Y
(R ad
Hr
o
ol
2
S
o




DO concentration

DO concentration

Air flow rate (1/min)

AU AN S AaFE AGA ol

299

100
80

60

(a)

20

0 LN LN LN LN NN NN _ A
N N NS N N NS TN NS

o2
.

[

<l
(W3

6
Time (minutes)

100
80

60

(b)

[~

Air flow rate (L./min)

|

0

3

6

9 12

Time (minutes)
Dissolved oxygen tension control with adaptive controller with T=4, C,=100, C,=0, £ =0.3.
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(b) probe dynamics considered case
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S e B SR
NOMENCLATURE

C  : dissolved oxygen tension{kmole O,L™"]

¢ . oxygen electrode output [kmole O, L7

C, : set point of dissulved oxygen tensionkmole
0yL™Y

C, : constant trace

C* : saturated dissolved oxygen tension [kmole Oy
L

F : covariance matrix of data vector

Fm : modified covariance matrix of F

ke : characteristic slope of oxygen prubefh™]

Ke @ proportional gain of PID control

k,a @ volumetric oxygen transfer coefficient (h™

Ly : exlended Kalman filter gain

OUR : oxygen uptake rate [kmole Oyh™')

Q : covariance of process noise

R : covariance of observation noise

RPM : revolution per min[min']

w o~

T

Ty
Uk
Yk

301

. sampling time [s]
:+ time difference [s]
: air flow rate [L-min~']
Euler approximation of dC/dt
1 estimation

Greek Letters

N> D N

. Bailey, J.E. and Ollis, D.F.:

: damping factor in adaptive controller

. transfer function of uxygen probe
unknown parameter vector

: forgetting factor
response time delay of oxygen probe [h]

: derijvative time constant of PID control [h™!]

. integral time constant of PID control [h]

. regression data vector
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