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OBSERVER BASED CONTROL OF CULTURE
FERMENTATION PROCESSES

Demosthenes KAZAKOS and Triantafillos PIMENIDES ©

Abstrach

This paper deals with the problem of controlling a nenlinear culture
! I

fermentation process by computer, with the knowledge of enly the input and the

autput. of the svstern. This becomes possible by using an observer in the closed-

leop svatem and proving that the separal on principle holds.
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1.Introduction

We consider here a culture fermentation process which takes place in a
bioreactor where microorganisms grow by eating a substrate, the feed of the
reactor. Our purpose is, to control this process such that the production of

biomass reaches a prescribed level. However, the concentrations of the biomass

o |
and the substrate {which represent the state vector of the system), are not known
exactly, thus preventing us from using a coutrol law whieh iz a function of these
variables. We propose to construct an observer to overcome this problem and

implement the control law using the output of the observer,
2. Model and control law

The mathematical model of the culture fermentation process is the

following ([3]) -

) (B3] .
g = _lullilx + Disg—s) (2.1
% o= {p(s)—Dx

y=s

where 5 and x are the substrate and bivmass concentrationz respectively, I is the
dilution rate, usually regarded as the input of the system, sy is the feed substrate
concentration, R is the biomass yield, a parameter of the system and p(s) is the

cell growth. We assume that the cell growth is described by the law of Herbert:

= R
+s

pls) = A — d (2.2)
whete 7 and k are chiaracteristic parameters of the process and d is the cell deatl

rate.  Sinee the objective is to design a control law which will steer the biomass |

concenbralion to some relerence value %, we make the following change of |




variables: we define X = X—=r. Then our system becornes:

B 5 1) — Diso—) (2.3)

g5 =

i = (p(s)—D)(E+xr)

I

We also normalize x by R, the yield, in order to simplify the

X

calculations, i.e. X= 3-

Note also, that since u = D, the system {2.1) helongs to the general class

of systems :
(2.4)

¥ = Aluy)X + B{uy)

¥y = CX
where Afu,y) and Blu,y) are matrices with elements some nonlinear functions of
¢ in this stape that the whole state

u and ¥ and X is the state vector. 1 we assum

veckor 18 neas surable thern,

PROPOSITION 2.1 :

The control low D:{r-—l—s—-su'{lz asymptotically stabilizes the system

0, s=0).

{2.3) to the equilibrium point (x=

3. The observer

The observer we will use is the one proposed by Hammouri-DeLeon ([4]).

concerning systems of the form (2.4). Itis well-known that for nonlinear systems

the property of ohservability is input-dependent. But since our system of culture
n iz ohservable for any input applied, by nature, we can use this

fermentatio

s gt




e

observer for every admissible input. Then we have:

PROPOSITION 2.1:

The syslem

: = Alug)z + Bluy) — SICT(Ca—y) (3.1) |
§ = —05—AT(n,3)5 — SA{uy) + €TC
i5 an observer for system (2.1) in the sense that
Jzt0—Xx()] < MYt
for @ large enough.

The proof ean be found in [4].

4.0bservation and Control

The final and most important part is, to prove that we can implement
the control law of proposition (2.1} using the output of the observer instead of

the actual X. For this we have to prove the

THEOREM 4.1:

ff the system (2.3) is stabilized around r=1x; by the contral law n=D=
={r-f-.s-~:.*|:,}2_. then the composite systen:
P = Alngy)z + Bluy) —51cT e
¢ = (Alu,y)—52CTCe
§ = —08 —AT(w.9)S —5A(u,y) + CTC

s qlobally asymplotically stable for # large enough,




The proaf is based on the following three lemmas:
LEMMA 4.2: The matriz S(t) is bounded for @ large enough.

LEMMA 4.3: For S(1), t_ﬁ:t;} S(t) =800, where Soo i8 the unigue
o0

solution of : 0 = —6Sm—AT{u,y}S—Sﬂ{nry:|+CTr;'

LEMMA 4.4: The composite system (4.1) 15 locally asymptotically siable

al the point (0,0,550) by the feedback law D={1+s—$¢}?.

REFERENCES:

[1] Carr 1., " Applications of center manifold theory™, Springer-Verlag,

Applied Math. Sciences 35, New York, 1981,

[2] Celle F., Sauthier J.P., Kazakos D., Sallet ;.. " Synthesis of
nonlinear observers: An harmonic analysis approach™ Math. Systems Theory, vol.

29 1980, 201-322.

[3] Gallegos 1.A., Gallegos J.A., ” Estimation and control techniques for
continuous culture fermentation processes” Biotechnology & Biocengineering,

vol.25, 1984, 442-451.

(4] Hammouri H., De Leon M., " Observer synthesis for state affine

systems” Froc. 90t" Clonference on Decision and Contrel, Hawai, 1990.

[3] Kazakos D., Deleon M., Pimenides T., © A separation principle for

nonlinear culture fermentation rocesses” submitted for publication.
P P




