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Chemical and Biological Processes

Highly nonlinear dynamic

Badly known parameters

Lack of sensors

→ Need for nonlinear observers

Analytic nonlinear observers

− Need structural properties

− Unable to handle constraints

→ Optimization based observers

zopt(t)← arg min
z

J0(z , t, y t
t−T ) =

∫ t

t−T
‖Y (τ, t − T , z)− y(τ)‖2

Qdτ

x̂(t) := X (t, t − T , zopt(t))
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Chemical and Biological Processes

Highly nonlinear dynamic

Badly known parameters

Lack of sensors

→ Need for nonlinear observers

Analytic nonlinear observers

− Need structural properties

− Unable to handle constraints

→ Optimization based observers

Generally a non convex
optimization problem

many local minima
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A very particular problem . . . !

zopt(t)← arg min
z

J0(z , t, y t
t−T ) =

∫ t

t−T
‖Y (τ, t − T , z)− y(τ)‖2

Qdτ

Mazen Alamir (IFAC World Congress, Seoul 2008)

Redundancy in nonlinear dynamic inverse problems 3/11



Dynamic Inverse Problems Redundancy Singularity crossing Example 1 Example 2 Conclusion

A very particular problem . . . !

zopt(t)← arg min
z

J0(z , t, y t
t−T ) =

∫ t

t−T
‖εy (τ, z , t)‖2

Qdτ

Mazen Alamir (IFAC World Congress, Seoul 2008)

Redundancy in nonlinear dynamic inverse problems 3/11



Dynamic Inverse Problems Redundancy Singularity crossing Example 1 Example 2 Conclusion

A very particular problem . . . !

zopt(t)← arg min
z

J0(z , t, y t
t−T ) =

∫ t

t−T
‖εy (τ, z∗, t)‖2

Qdτ= 0

Mazen Alamir (IFAC World Congress, Seoul 2008)

Redundancy in nonlinear dynamic inverse problems 3/11



Dynamic Inverse Problems Redundancy Singularity crossing Example 1 Example 2 Conclusion

A very particular problem . . . !

zopt(t)← arg min
z

J0(z , t, y t
t−T ) =

∫ t

t−T
Φ0(τ) · ‖εy (τ, z∗, t)‖2

Qdτ= 0

Mazen Alamir (IFAC World Congress, Seoul 2008)

Redundancy in nonlinear dynamic inverse problems 3/11



Dynamic Inverse Problems Redundancy Singularity crossing Example 1 Example 2 Conclusion

A very particular problem . . . !

zopt(t)← arg min
z

J1(z , t, y t
t−T ) =

∫ t

t−T
Φ1(τ) · ‖εy (τ, z∗, t)‖2

Qdτ= 0

Mazen Alamir (IFAC World Congress, Seoul 2008)

Redundancy in nonlinear dynamic inverse problems 3/11



Dynamic Inverse Problems Redundancy Singularity crossing Example 1 Example 2 Conclusion

A very particular problem . . . !

zopt(t)← arg min
z

J2(z , t, y t
t−T ) =

∫ t

t−T
Φ2(τ) · ‖εy (τ, z∗, t)‖2

Qdτ= 0
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A very particular problem . . . !

z∗ is the global minimum of all the cost functions Ji s.t:

Ji (z , t, y
t
t−T ) =

∫ t

t−T
Φi (τ) ·Ψ

(
ε(τ, z , t)

)
dτ
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(∃r∗) (∀z) ∆(z) := min
i∈{0,...,N}

[
J0(S(r∗)(z , Ji ))− γJ0(z)

]
≤ 0
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In the paper

Precise formulation

Dedicated algorithm

Parallel computing version

Hereafter

Bio-reactor State estimation example

Parameter estimation example / comparison:

Multiple starting points
Redundancy-Based singularity avoidance
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Example 1: Recombinant Escherichia Coli

Ẋ = µ(S)X − kd exp(−
kp

P
)X

Ṡ = −ysµX − kmX

Ṗ = ypµ(S)
I

I + kI
X − kd exp(−

kp

P
)P

X : E. Coli strain

S : substrate glycerol

P: intracellular product
β-galactosidase protein

µ is the growth rate

µ(S) =
µmS

ks + S

Escherichia coli under 15000

magnification factor

Output measurement:

Light produced by the bioluminescence:

L = yl · µ(S)
I

I + kl
XP
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Example 2: Parameter estimation

ẋ1 = −p1x2

ẋ2 = (1 + p2)x1 + (1− x2
1 )x2

y = x1 + x2 + ν
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ẋ1 = −p1x2
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ẋ1 = −p1x2
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Conclusion

Dynamic inversion leads to particular optimization problems

Singularity crossing algorithm based on redundancy

6= multiple starting points

Scheme that is solver-independent

Additional layer to any existing global scheme
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