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Introduction

Research on power converters control

Why should we get an interest in converters ?

Their omnipresence

Relevant issues

Efficiency
Reliability

... , how Automatic Control can improve those properties?
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Motivation Modelization & Equilibrium

Switched Affine Systems

ż(t) = Aσz(t) + bσ, (1) z(t) ∈ Rn : state vector

σ ∈ K := {1, ...,N} : control input

Aσ ∈ {A1, ...,AN} and bσ ∈ {b1, ...,bN} are matrices of suited dimension

Existence of a couple (ze , λ) ∈ Rn × ΛK

Ωe = {ze ∈ Rn, Aλze + bλ = 0, λ ∈ ΛK},

Assumption 1

Notation

ΛK :=
{
λ = [λ1, ..., λN ] ∈ RN : λi ≥ 0,

∑N
i=1 λi = 1

}
,

Aλ :=
∑

i∈K λiAi , bλ :=
∑

i∈K λibi .
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Error equation

ẋ(t) = Aσx(t) + Bσ, (2) x(t) := z(t)− ze

Bσ = Aσze + bσ
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Motivation High frequency switching

Periodic sampled-data control

Control laws that consider min-projection strategy :
(Deaecto and Geromel, 2017), (Hauroigne et al., 2011) and
(Hetel and Fridman, 2013)

→ No suitable for high frequency systems
→ Depends on the Lyapunov matrix or systems matrices

Control law that consider high frequency model :
(Ventosa-Cutillas et al., 2018)

→ Invariance of the set is not proven
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Problem statement Discretization

The discretization with δ-operator

The sampling period is very small, T << 1

Assumption 2

δ-operator (Middleton and Goodwin, 1986)

For any function ξ from R+ to Rn, the vector δξk , at any sampling instant
tk ∈ R+, is defined as follows:

δξk :=
1

T
(ξk+1 − ξk), ∀k ≥ 0,

Notation

δξk = δξ(tk) and ξk = ξ(tk)
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Problem statement Discretization

The discretization with δ-operator

Hence, we have

δxk = Aσxk + Bσ, (3)

where matrices Aσ and Bσ, with σ ∈ K, are given by

Aσ =
1

T
(eAσT − I ), Bσ =

1

T

∫ T

0
eAσ(T−s)dsBσ

When T → 0
Aσ → Aσ and Bσ → Bσ

Remark 1
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Problem statement Attractor set and objectives

Attractor set and stability

Lyapunov function

Attractors expressed as a level set of a Lyapunov function

V (x , xc) = (x − xc)TP(x − xc), (4)

Attractor

A(xc) := {x ∈ Rn | V (x , xc) < 1} (5)

The set A(xc) is Uniformly Globally Asymptotically Stable if

1. if xk /∈ A(xc), then T δV (xk , xc) = V (xk+1, xc)− V (xk , xc) < 0

2. x = 0 ∈ A(xc)

3. whenever xk ∈ A(xc), then xk+1 ∈ A(xc)

Stability
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Problem statement Switching control law

Switching control law

σ depends on xk
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Problem statement Switching control law

Switching control law

σ depends on xk

Free-matrices min-projection control law

σ ∈ argmin
i∈K

[
xk
1

]T
Ni

[
xk
1

]
(6)

Nλ :=
∑

i∈K λiNi
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Problem statement Switching control law

Switching control law

σ depends on xk

Free-matrices min-projection control law

σ ∈ argmin
i∈K

[
xk
1

]T
Ni

[
xk
1

]
(6)

Nλ :=
∑

i∈K λiNi

Suitable for high frequency
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Free-matrix based switching control design Main result

Main Result

For a given ze ∈ Ωe and a given parameter µ ∈ (0, 1), assume that
matrices P ∈ Rn×n � 0, h ∈ Rn, and Ni = NT

i ∈ R(n+1)×(n+1) are the
solutions to the optimization problem

min
µ,P,h,Ni

− log(det(P))

s.t. P � 0,

LMI1(Ai ,Bi ,P, h,Ni , λ) ≺ 0, ∀i ∈ K,
LMI2(Bλ,P, h, λ) � 0,

Then, the control law ensures that A(−P−1h) is UGAS for system and
of a minimum volume.

Theorem 1
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Free-matrix based switching control design Main result

Proof

P, h,Ni , i ∈ K : a solution to the convex problem, for a given µ ∈ (0, 1)

Assumption 3

At any tk , the control law
ensures :[

xk
1

]>
(Nλ − Nσ)

[
xk
1

]
≥ 0

∀x ∈ Rn, s.t. V (x ,−P−1h) > 1,
we have :[

x
1

]> [
P h
h> h>P−1h − 1

] [
x
1

]
> 0

δV =

[
xk
1

]>
Ψσ

[
xk
1

]
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Free-matrix based switching control design Main result

Proof
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Assumption 3

At any tk , the control law
ensures :[

xk
1

]>
(Nλ − Nσ)

[
xk
1

]
≥ 0

∀x ∈ Rn, s.t. V (x ,−P−1h) > 1,
we have :[

x
1

]> [
P h
h> h>P−1h − 1

] [
x
1

]
> 0

δV =

[
xk
1

]>
Ψσ

[
xk
1

]
< 0

Using S-procedures, into the existence of a positive scalar µ > 0, then
using the Schur complement, we obtain LMI1
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Free-matrix based switching control design Main result

Proof

1. → Computing convex combination, weighted by λ, we obtain LMI2

2. → With

V (xk+1,−P−1h) = V (xk ,−P−1h) + T δV

= V (xk ,−P−1h) + T

[
xk
1

]>
Ψσ

[
xk
1

]
≤ (1− µ)V (xk ,−P−1h) + µ
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Simulation

Example Boost converter

ż(t) = Aσz(t) + bσ

Aσ =

[
−R

L
(1−σ)

L
(σ−1)
Co

− 1
RoCo

]
, bσ =

[
Vin
L
0

]
, ze =

[
3

120

]
⇒ λ =

[
0.22
0.78

]

T µ (det(P))
1
2 xc

3.10−5 0.113 393.42
[
1.669 −4.099

]>
10−5 0.013 54.08

[
0.1506 −0.3214

]>
10−6 0.001 5.57

[
0.0146 −0.03012

]>
Values

Vin = 100V , R = 2Ω, L = 500µH, Co = 470µF and Ro = 50Ω.
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Example Boost converter



Conclusion

Conclusions & Perspectives

Conclusions

The introduction of a free-matrices min-projection control law.

Control design for discrete time switched affine systems using the
delta-operator for high-frequency.

Perspectives

Robustness to parameter uncertainties or variation in the sampling
period.
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Conclusion

Thank you !
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Appendix

Main result

For a given ze ∈ Ωe and a given parameter µ ∈ (0, 1), assume that
matrices P ∈ Rn×n � 0, h ∈ Rn, and Ni = NT

i ∈ R(n+1)×(n+1) are the
solutions to the optimization problem

min
µ,P,h,Ni

− log(det(P)) (7)

s.t. P � 0, (8)Ψi + Nλ − Ni − µ
T

[
0 0
∗ 1

]
µ
T

[
P
h>

]
∗ − µ

T P

 ≺ 0, ∀i ∈ K, (9)

He
(
h>Bλ

)
+ T

∑
i∈K

λiB
>
i PBi � 0, (10)

Theorem 1
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Appendix

Main result

where

Ψi := He

([
A>i
B>i

] [
P h

])
+ T

[
A>i
B>i

]
P
[
Ai Bi

]
, (11)

Nλ :=
∑

λiNi . (12)

Then, the switching control law given by

σ ∈ argmin
i∈K

[
xk
1

]T
Ni

[
xk
1

]
(13)

ensures that A(−P−1h) is UGAS for system and of a minimum size.

Theorem 1 (cont.)
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Example Boost Converter



Appendix

Example Boost Converter

100 V

2 Ω 500 µH S2

S1 470 µF 50 Ω
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