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Open Loop Control: Time-dependent forcing functions chosen to
optimize or achieve desired behavior for system’s solutions.

Feedback Control: Automatically adjust the system to respond
to information about the system’s state and surroundings.

Delays and Sampling: Time-lagged state observations and/or
observations at discrete instants instead of continuous ones.
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System of ODEs with delays 7, controls u, and perturbations o:
Y'(t) = f(t, Y(t),u(t, Y(t— (1)), 6(1‘)), YtHey. (1)

Y CR" ¢ :[0,00) — D is (nonstochastic) uncertainty. D C R™.
Choose u to achieve desired behavior for the solutions Y(1).

: time lags in computing or communicating control or state...
J: uncertain model or uncertain control effects,..
Closed loop system:
YI(t) = G(t, Y(1), Y(t— (1), 0(1), Y(t) e, @)
where G(t, Y(t), Y(t —7),0) = F(t, Y(t), u(t, Y(t — 7)), 9).
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ISS (Sontag, '89) generalizes uniform global asymptotic stability.
YI(t) =G(t, Y(1), Y(t— (1), Y()e) ()
Y1) < v (e va(1Ylty—=1])) (UGAS)

~i's are 0 at 0, strictly increasing, continuous, and unbounded.
sups>o 7(f) < 7. 7i € K not depending on Y.

Y(t)=G(t, Y(1), Y(t—7(t),6(1), Y(t)ey (Zpert)
YO <91 (€9 2| Yli—701) + 73(10]11.) (ISS)

Without explicit flow maps, prove UGAS and ISS indirectly.
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Our goals: Input-to-state stabilization of equilibria with uncertain
uptake functions using only delayed sampled substrate values

O. Bernard, D. Dochain, J. Gouze, J. Monod, H. Smith, ...
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Feed Effluent

Constant volume. Substrate pumped in and substrate/biomass
mixture pumped out at same rate
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Assumption 1: The function y is C' and ;(0) = 0. Also, there is
a constant sy € (0, siy] such that x/(s) > 0 for all s € [0, syy) and
1'(8) < 0forall s € [spy,00). Finally, u(s) > 0 for all s > 0.
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Uncertain Controlled Chemostat with Sampling

{'S(f) = D(s(t = 7(1)[sin — ()] — (1 + 0(£))u(s(1)) x (1) ©)

x(t) = [(1+o(1))u(s(t)) — D(s(t — 7(1))]x(t)
(t):{Tf, tE[O,Tf)

Tr+t—t, te[ti+71t1+77)and j>0
0<61§tj+1—tj§62. 52[0,00)—>[g,oo),Witth(—1,0].

u(s) = 1‘27(2), with a unique maximizer sy € (0, Sin]

Goal: Under suitable conditions on an upper bound 7 for the
delay 7(t), and for constants s, € (0, si,), design the control D to
render the dynamics for Y (t) = (s(t), x(t)) — (S«, Sin — S«) ISS.
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One of Our Results for Unperturbed Case

ws = Inf ,u'(S), w; = sup ,u/1(S), pI= sup '7/(3)7

S<[0sul s€[0,5in] 5€[0,5i]
s K201 11 (52)Sin7) u(s)
Pm = 3, /En[EJ?Sin] T+ () , Where ;L(S) = T17(s)

) (a

Assume that -#1(Sn)_ _ (S ;>0

1+v(sin)  1+v(Sin—1(S)Sin

1 1
{zW 2pr5ir (5] } ’

Theorem 1: For all componentwise positive initial conditions, all
solutions (s, x)(t) of the chemostat system (C) with ¢(f) = 0 and

D(s(t - (1)) = 1=teiam (3)

remain in (0, c0)? and converge to (s,, S, — S.) as t — +oo. [

b
and (<) max

with s, < S;,.
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Extensions and Ideas of Proof

ISS with respect to 6(t) without upper bounds on [0|s...

14d)1 (Sin . .
( T;L‘(‘;(ﬁ = 1+v(sif—1§j()s*)sin ) >0 (14 0(0)u(s(D)).
Up(st) =

s(t)—ss t t )
/0 singimdm—Fme/t /e(s(m)) dmd¢.

Use z = Sin — S — X = (Sin — S« — X) + (S — 8) — 0 exponentially.

Mazenc, F., J. Harmand, and M. Malisoff, “Stabilization in a
chemostat with sampled and delayed measurements and
uncertain growth functions,” Automatica, 78:241-249, 2017.
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Conclusions

Sampling and delays are common in feedback control problems.
Bioreactors involve uncertainties, delays, and sampling.
Discretization of continuous time controls can produce errors.
Our control only needs discrete delayed substrate values.

Our general growth functions are not monotone.

We have analogs for many other engineering models.

Thank you for your attention!



