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Dynamic Inverse Problems

Many systems
» Highly nonlinear dynamic
» Badly known parameters
> Lack of sensors

— Need for nonlinear observers
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Dynamic Inverse Problems

state

Many systems
» Highly nonlinear dynamic
» Badly known parameters /\/—
Zo X(t,to, x0)
> Lack of sensors

— Need for nonlinear observers

Analytic nonlinear observers 0 ; time
— Need structural properties
— Unable to handle constraints x(t) = X(t, to, x0)
y = h(x)
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Dynamic Inverse Problems

measured output

Many systems
» Highly nonlinear dynamic
» Badly known parameters Y(,t-T,2)
» Lack of sensors 2(t)
— Need for nonlinear observers o(t-T)
Analytic nonlinear observers L ; time

— Need structural properties

— Unable to handle constraints (t) = X(t, to, x0)
x)

X
N y = h(
— Optimization based observers

t
Zopt(t)  argmin Jo(z, £,y 1) = / IY(rt— T.2) — y(r)Podr
z t—T
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Dynamic Inverse Problems

measured output

Many systems
» Highly nonlinear dynamic
» Badly known parameters Y(,t-T,2)
» Lack of sensors 2(t)
— Need for nonlinear observers o(t-T)
Analytic nonlinear observers L ; time

— Need structural properties
prop » Generally a non convex

— Unable to handle constraints optimization problem

— Optimization based observers » many local minima

t
Zopt(t)  argmin Jo(z, £,y 1) = / IY(rt— T.2) — y(r)Podr
z t—T
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Redundancy

A very particular problem .. .!

measured output

| ey 2, )

Y(G,t—T,2)

time

t
Zopt(t) — arg min JO(Za t,y:,'r) :/
z

t—

Y= T,2) - y(7)lgdr
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Redundancy

A very particular problem .. .!

measured output

| ey 2, )

Y(G,t—T,2)

time

t
Zopt(t) <= argmin  Jo(z, t, ytth) = /
z

ley (7. 2, t)|[GdT
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Redundancy

A very particular problem .. .!

measured output

fz=z2"=2(t—-1T)

6'.1/('727t)
t—T + time
‘ 2
ZoPt(t) —arg mzin JO(Za tvytffT) = Hey(T: Z*’ t)HQdT: 0
t—T
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Redundancy
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measured output

1 Po(-) =1

fz=z2"=2(t—-1T)

6'.1/('727t)
t—T + time
t 2
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Redundancy

A very particular problem .. .!

measured output
O
1
fz=z2"=2(t—-1T)
6'.1/('727t)
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t
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Redundancy

A very particular problem .. .!

measured output
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Redundancy

A very particular problem .. .!

z* is THE global minimum of ALL the cost functions J; s.t:

Szt vt ) = /t tT :(r) - W(e(r, 2, 1)) dr
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Singularity crossing

M. Alamir, Journée Automatique, Caen 2014 Crossing Singularity in Dynamic Inverse Problems



Z1 29 ¥ 23 Z

M. Alamir, Journée Automatique, Caen 2014 i i ity i mic Inverse Problems



Z1 29 ¥ 23 Z

M. Alamir, Journée Automatique, Caen 2014 Crossing Singularity in mic Inverse Problems



Z1 29 ¥ 23 Z

M. Alamir, Journée Automatique, Caen 2014 Crossing Singularity in mic Inverse Problems



Z1 29 ¥ 23 Z

M. Alamir, Journée Automatique, Caen 2014 Crossing Singularity in mic Inverse Problems



Z1 29 ¥ 23 Z

M. Alamir, Journée Automatique, Caen 2014 Crossing Singularity in mic Inverse Problems



M. Alamir, Journée Automatique, Caen 2014 Crossing Singularity in mic Inverse Problems



M. Alamir, Journée Automatique, Caen 2014 Crossing Singularity in mic Inverse Problems



M. Alamir, Journée Automatique, Caen 2014 Crossing Singularity in mic Inverse Problems



M. Alamir, Journée Automatique, Caen 2014 Crossing Singularity in mic Inverse Problems



M. Alamir, Journée Automatique, Caen 2014 Crossing Singularity in mic Inverse Problems



M. Alamir, Journée Automatique, Caen 2014 Crossing Singularity in mic Inverse Problems



M. Alamir, Journée Automatique, Caen 2014 Crossing Singularity in mic Inverse Problems



M. Alamir, Journée Automatique, Caen 2014 Crossing Singularity in mic Inverse Problems



M. Alamir, Journée Automatique, Caen 2014 Crossing Singularity in mic Inverse Problems



M. Alamir, Journée Automatique, Caen 2014 Crossing Singularity in mic Inverse Problems



M. Alamir, Journée Automatique, Caen 2014 Crossing Singularity in mic Inverse Problems



M. Alamir, Journée Automatique, Caen 2014 i i ity i mic Inverse Problems



Singularity crossing

Crossing the singularity -
21 using J;
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Singularity crossing
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Singularity crossing

Next

» Bio-reactor State estimation example

» Parameter estimation example / comparison:

» Multiple starting points
» Redundancy-Based singularity avoidance

M. Alamir, Journée Automatique, Caen 2014 Crossing Singularity in Dynamic Inverse Problems



Example 1. Recombinant Escherichia Coli

X = u(S)X—kdexp(—%)X
= —yspuX — kmX
- /
Po= )X~ ke 20

Escherichia coli under 15000
» X: E. Coli strain magnification factor

v

S: substrate glycerol

Output measurement:

» P: intracellular pI’OdUCt Light produced by the biolumines-
[-galactosidase protein cence:
> 1 is the growth rate
fmS L=y - u(S) ' xp
S)=-"F -
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Evolution of the cost function {]i}iio

)

t
t-

J(@z,.2,0. ).ty

L I I I L L I I
0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

Evolution of ® (for i in [1,...5)

» T =10
» x(t— T)=1(0.08,2,0.1)
» n=x(t—T),

Z3 :X3(t— T)
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Evolution of the cost functions {Ji}i“:0

7 T T T T T T T T T

D

t
t

J(@,,3,0.),ty,

1 L L L L L L L I I
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
z
1

Evolution of ® (for i in [1,...5)

» T =15
» x(t— T)=(0.05,3,0.1)
» n=x(t—T),

Z3 :X3(t— T)
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Algorithm 1: Multiple starting points

Algorithm A,: Redundancy based approach

0. Initialization p(®? initial guess,
m<+—0;i«+1
while (Jo(p'™") > 0) do
failure < true
while (failure ) do
€m 51 (pm) o)
failure
 (B(E™) > (1= )h(p™)
If failure then
(m, i)+ (0,i+1), p'™" « random
Else m + m+ 1, pl™m) « glmi)
End while
End while

0. Initialization p© initial guess,
m+ 0
while (Jo(p'™) > 0) do
i < 0; failure < true
while (failure ) do
€ 5" (p™, )
failure
e ((€™) > (1= ) h(p™))
If failure then
i< (i+1)-mod-N
Else m <+ m+1, p\™ « {(’”"')
End while
End while
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Example 2: Parameter estimation

X1 = —pix2
(1+ p2)xa + (1 — x7)x2
Yy = X1+x+v

X2

M. Alamir, Journée Automatique, Caen 2014 Crossing Singularity in Dynamic Inverse Problems 11



Example 2: Parameter estimation

X1 = —pixe
o = (1+p)x+ (1—x7)x

Yy = X1+x+v

M. Alamir, Journée Automatique, Caen 2014 Crossing Singularity in Dynamic Inverse Problems 11



Example 2: Parameter estimation

- —Jo(p)
X1 = —pix -
. 2
X2 = (14+p)xa+(1—x3)x
y = X1t+x+v

p2
. ()
()
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Example 2: Parameter estimation

X1 = —p1x2
o o= (T+p)x+(1—x)x
Yy = x1tx+v
. ()
®y(-)
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Example 2: Parameter estimation

- —Jo(p)
X1 = —p1x
o = (1+p)x+ (1—x7)x
y = x1t+x+v
. ()
®y(-)
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Example 2: Parameter estimation

. —Jo(p)
X1 = —pix -
o o= (1+p)xa+(1-x)x -
y = x1t+x+v
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Example 2: Parameter estimation

X1 = —pixe
o = (1+p)x+ (1—x7)x
Yy = X1+x+v

// ~Jo(p)
a

37 23
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Algorithm 1

Algorithm 2

Pr [Jo(@™D) > 400] > 0.25
Pr [Jo(p™D) > 400] > (0.25)?
Pr [Jo(p™?) > 400] > (0.25)°

W N oA

Conv. to £
Conv. to {p"}
Conv. to {p"}
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Conclusion

» Dynamic inversion leads to particular optimization problems

v

Singularity crossing algorithm based on redundancy

v

= multiple starting points

v

Scheme that is solver-independent

v

Additional /ayer to any existing global scheme
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xT =f(x,u,p)
y =h(x,p)+w
o uy =U(k,q) with g cQ
e y2(q, p) prediction under w = 0
o v/ effective measurement
e p" true value of p
o e(a.p",p) = ¥i(a.p) — ¥i(a.P)

dt(w,w") = max{O, |w| — W*}

(component wise)

Assumption on measurement errors w
The Lh.s of the equation beside for for a MATLAB's

0.01x RANDN function (maximum over 1000 trials) and
its approximated upper bound W - ¢y (k) = 0.03/(K%%)

L 3
= gipsa-lab
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