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Find ~;’s by building Lyapunov-Krasovskii functionals (LKFs).
Equivalent to KL formulation; see Sontag 1998 SCL paper.



Background and Motivation

Feed Effluent

Constant volume. Substrate pumped in and substrate/biomass
mixture pumped out at same rate
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{'S(f) = D(s(t = 7(1))[sin — ()] — (1 + 0(£)) u(s(1)) x (1) ©)
) 1

= [(1+0(0)n(s(t)) — D(s(t — 7(1))1x(1)

T(t) _ Tf, te [Oan)
T+t —1t, te[ti+ 7 l1+77)and j >0
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u(s) = 1‘1‘7((;), with a unique maximizer sy, € (0, Sin]

Goal: Under suitable conditions involving an upper bound 7, for
7(t), and for constants s, € (0, si,), design the control D to
render the dynamics for Y (t) = (s(t), x(t)) — (Sx, Sin — S«) ISS.
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Theorem: For all componentwise positive initial conditions, all
solutions of the chemostat system (C) with 6(¢) = 0 and

D(s(t - (1)) = 1=teiLom (1)

remain in (0, o0)? and converge to (., Sin — S.). O
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Conclusions and Future Work

Chemostats model substrate and species interactions.

They have uncertainties, delays, and discrete measurements.
Discretization of continuous time controls can produce errors.
Our control only needs discrete delayed substrate values.

Our general growth functions are not monotone.

Our barrier functions gave ISS with uncertain growth functions.

We plan to generalize this work to multispecies chemostats.

Thank you for your attention!
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