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(ds (t)
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\dt
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x(t)

D(t)
S;

= —u(s@®)z )+ D@)(Si, — s (1))

= (u(s (1) - D(t))z (1) S [P
substrates —

biomass T
influent flow rate — | ‘
substrate concentration F Y
in the influent s(t)
1(s) >0, u(0) = 0 specific growth rate, z(t)

Monod u(s) = kﬁﬁl‘fsor
Haldane pu(s) = —£0°
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Only s (t) is measured

ds(t)

= (s ()2 (1) + D(Sip — 5 (1))

The system is observable.

Only x (t) is measured

dxdgt) = (u(s()) — D)z (t)
dps (;t(t)) = W (s@®)(—p @)z @)+ D @) (Sin — s #)))

The system is observable (depending on u).



UNIVERSITE DE BOURGOGNE

Same questions but u (s) is unknown

| T = )2 1)+ D(Si — 5 (1)
| dwdit) = (u(s(t)) — D)x(t)

Only x (t) is measured,
can we reconstruct p(s) and s(t) 7 no

Only s (t) is measured,
can we reconstruct pu(s) and = (t) 7 ves, if ...

Both x (t) and s (t) are measured,
can we reconstruct p(s) 7 yes



d:cht) = (u(s) —D)x

$ ds(t) o
dt = —p(s) z+ D(Siy )
\ y = &

s() = e Pls(0) + [ e P (= (uar)(r) + DSin)ar
s(0) = sg

3(t) = e Dtz /Ote—D@—'f)(—(W)(T) DS;,)dr
5(0)

p(s) =p(s) =

§O ~ S0
dx (1)
dt

= (B (s(t)) — D)z (1)



(5§ = —z4D@)(Sin — )
r = z—D(t) x
< o= oz
Rk—2 — *k—1
zg—1 = O
Ly = (s2)

ds __ -
where 77 = S

Linear (optimal) Kalman observer
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- X = x+s
{ D(t) = fc’iD (7)dr
A = PW(s—8,) + Sin

A = —ePOX —s)u(s)
= (A—Xog)u(s)
with A (0) = s(0)
If s (to) s (tl), to < t1 then
A(to) . A1)
Alto) — Xo p(s(to)) = p(s(ty)) = ACt1) — Xo

A(t)

gives Xg hence u(s(t)) = OB
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s(t) visits twice the

1 (s) is identifiable <—
same value

1. wpis identified at sample values £As, at time
t, giving s (hAs);

2. x (t) is estimated using a linear Kalman filter
and ji; (hAs)

Simulation:

1 (s) is the Haldane law, jig (s) is the Monod
law,



UNIVERSITE DE BOURGOGNE

Identification
w2 . /
@ Lambdait |_|
el > Linear
& Q infarmation ODSErver
S_in
-
Input D(t) > westim |
—
]
[ ]
D) e ™
[ ]
+, e | reacteur 2 lbruit a1t
t
_— w1t
Dbaze| O
molt]

Process model
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Monod'’s (initial guess) law
Haldane’s (actual) law
|dentified part of pu(S)




