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Problem Statement

Given a solver S, propose a concrete
(on-line) feedback τu stabilizing y = 0.

NOTA: The computation time needed
for this feedback must be negligible.

This results in the extended dynamic system:

x(tui ) = X r
(
τu, x(tui−1), p(tui−1),w

)
p(tui ) = Sq

(
p+(tui−1),X (τu, x(tui−1), p(tui−1))︸ ︷︷ ︸

x̂(tui )

)
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NOTA: If K < 1, the settling time is tr (τu) ∼ τu

| log
(
K (τu)

)
|
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J(tuk+1)

J(tuk )
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[J(tuk+1)

Ĵ(tuk+1)
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Ĵ(tuk+1)

]
︸ ︷︷ ︸
Uncertainty

×
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Updating Strategy

Provided an approximation of K (k)(·) can be obtained, a possible up-
dating strategy is given by:

τu(tui ) :=

 arg min
τu

[
tr (τu)

]
under K (k)(τ) < 1 when feasible

arg min
τu

[
K (k)(τu)

]
otherwise

where:

tr (τu) ∼ τu

| log
(
K (τu)

)
|

1 Parametric structure for K (k)(·) = E
(k)
f (·) · D(k)(·)

2 On-line identification of the parameters
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K (k)(τu) =
[
E

(k)
f (q(τu))

]
·
[
D(k)(τu)

]
Parametric structure

Suggested structure for E
(k)
f (q)

E
(k)
f (q) :=

1

αf ·max{0, q − qf }+ 1

Suggested structure for D(k)(τu)

D(k)(τu) := 1 + αD ·
[
τu
]d

On-line identification

α
(k)
D =

J(tuk )− Ĵ(tuk )[
τu(tuk−1)

]d · Ĵ(tuk )

q
(k)
f is the smallest index leading to

decrease in the cost function
during the past optimization step

α
(k)
f is the solution of a low

dimensional linear system

depending on q
(k)
f

[§ paper for details]
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τu(tuk−1)

]d · Ĵ(tuk )
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]d · Ĵ(tuk )

q
(k)
f is the smallest index leading to

decrease in the cost function
during the past optimization step

α
(k)
f is the solution of a low

dimensional linear system

depending on q
(k)
f

[§ paper for details]



Monitoring
Updating Period
in Fast NMPC

6/11

Mazen Alamir

Problem
Statement

A Small Gain
Result

Updating
Strategy

Existence of
Trade-Off

Example

Conclusion

K (k)(τu) =
[
E

(k)
f (q(τu))

]
·
[
D(k)(τu)

]
Parametric structure

Suggested structure for E
(k)
f (q)

E
(k)
f (q) :=

1

αf ·max{0, q − qf }+ 1

Suggested structure for D(k)(τu)

D(k)(τu) := 1 + αD ·
[
τu
]d

On-line identification

α
(k)
D =

J(tuk )− Ĵ(tuk )[
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StabilityUnstab.

(a) αf = 0.1

StabilityUnstab.

(b) αf = 2

qf = 4, τc = 0.005, αD = 8 and d = 1
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Instability for all τu < 0.03

High sensitivity of tr over τ ∈ [0.038, 0.06] as tr ∈ [0.3, 0.9]
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Nonholonomic Power Form
System

x+
1 = x1 + u1+ η1

x+
j = xj + x j1u2+ η2

j = 2, . . . , n

Stabilize at x = xd

Scalar parametrization:
Alamir et al. J. Optimization Theory Appl.

118, No.2, 229-244 (2003)

Uncertainties ← η1, η2 and
unknown dynamic of xd

τc = 4τ

Nu = τu/τ ∈ [5, 40]

S: Matlab’s fmincon
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Evolution of the closed-loop cost function:

Jcl (k) :=
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i=0

[
‖x(i)− xd (i)‖2 + β|p(i)|
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and their filtered values.
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Conclusion & Future work

A starting point . . .

General Scheme (additional layer to any pre-existing solution)

Deeper investigation for specific solvers

Investigate the origin of Oscillations ?

Validate on relevant problems

Directly transposable to Moving-Horizon Observers framework

Investigate more elaborated
model-free output feedback
control design
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Alamir, M. and Murilo, A. Swing-up and stabilization of a Twin-Pendulum under state and

control constraints by fast NMPC scheme. Automatica, Vol. 44, pp. 1319-1324, (2008).
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