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W
hatis

L
A

A
S-C

N
R

S
?

1

F
renchN

ationalC
enterfor

S
cientificR

esearch.

➥
P

ublic
basic-researchorg.producingknow

ledgeand
m

aking
it

available
to

society.

➥
26,000em

ployees(11,600researchers).

➥
1,260units,spreadthroughoutthe

country,coverallfields
ofresearch.

A
nalysisand

A
rchitectureofS

ystem
s

➥
PartofC

N
R

S
-

S
T

IC
departm

ent

(S
cienceand

Technologyfor
Inform

ation
and

C
om

m
unication)

➥
500

em
ployees(200

researchers)

➥
12

researchgroups

➥
C

ontrolT
heory,R

obotics,M
icro

and
N

ano-S
ystem

s,Com
puterscience

➥
In

Toulouse,F
rance.
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M
ethods

and
A

lgorithm
s

in
C

ontrolgroup
2

M
A

C
group

http://www.laas.fr/MAC

❏
R

esearchfields:R
obustcontrol&

N
on-linearcontrol

❏
A

pplication
fields:A

eronautics&
S

paceindustry&
E

nvironm
ent

R
esearchin

robustcontrol

❏
M

IM
O

LT
I

system
sw

ith
param

etricuncertainty

❏
S

tate-spacem
odelingand

Lyapunov
theory

❏
S

tability
and

perform
ance(H

∞
,H

2 ,pole
location,im

pulseto
peak)

❏
A

nalysis&
C

ontroldesign(state-feedback,full-orderand
staticoutput-feedback)

❏
LM

I
basedresults&

S
em

i-definiteprogram
m

ing

❏
R

obustM
U

Lti-O
bjective

C
ontroltoolbox

(V
1

in
S

eptem
ber)

http://www.laas.fr/OLOCEP
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Q
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for

LT
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system
s

E
xam

ples
of

results
for

robustness
and

design

➙
P

relim
inariesand

notations

➙
R

obustanalysisand
losslessnessofquadraticseparators

➙
Q

uadraticseparationand
controldesign
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M
ethodology

and
notations
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U
ncertainm

odel
❏

E
ngineeringproblem

m
odeledasuncertaindifferentialequationsw

ith
constraints

❏
S

tate-spaceLT
Isystem

s/param
etricuncertainty/pole

andinducednorm
constraints

�

O
ptim

izationproblem
❏

A
t

best:losslessform
ulation

w
ith

a
globalpolynom

ial-tim
ealgorithm

❏
C

onveniently:C
onservative

form
ulation

w
ith

a
globalpolynom

ial-tim
ealgorithm

❏
U

sually:C
onservative

w
ith

sub-optim
alheuristicalgorithm

❏
LM

I
form

ulatedresults➾
convex

S
D

P
&

� n
6�5�

algorithm
s

❏
Y

A
LM

IP
interfacein

M
atlab

&
S

olvers:S
eD

uM
i,S

D
P

T
3,C

S
D

P,...

v �

C� ∆� x�

D� ∆� v
ẋ �

A� ∆� x�

B� ∆� v
∞ g

v
�

m
in

γ
:

� P� Θ� γ�	�
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G
raphofΣ

1
and

inversegraphofΣ
2 :

� Σ
1� �

��


x �
zw

:
Σ

1� z� w� �

0 ���

I� Σ
2� �

��


x �

zw
:

Σ
2� w� z� �

0 ���

S
tability

result[S
afonov]:

T
he

interconnectedsystem
z

w
2

Σ

1
Σ

is
stable

❏
iff

� Σ
1� �

I� Σ
2� �

� 0�

❏
iff

�

d
:

��


d� x�	�

0

���

x�
� Σ

1�

d� x� �

0

���

x�

I� Σ
2�

d
:topologicalseparator

(seealso
“supply

rate”in
dissipative

theory[W
illem

s])
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Q
uadraticfunction

for
the

topologicalseparator:

d� x� �

x �

Θ
x

Θ

�
Θ �

� �
� m�

p�	�� m�

p�

Losslessfor
linearsystem

s

E
.g.for

m
atrix

gains

T
he

interconnectedsystem
w

z
Σ

1  
!

p "

m

Σ
2  

!

m "

p
is

w
ell-posed

❏
iff

det�$#&%

Σ
1 Σ

2� ' �

0

❏
iff

�

Θ
:

�(((((((�(((((((


w �
)

Σ �

1

#
* Θ

+,
Σ

1
#

-.
w�

0

���

w' �

0

z �
) #

Σ �

2* Θ

+, #Σ
2 -.

z�

0
���

z' �

0
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R
obustanalysis

w
z

Σ
1  

!
p "

m

Σ
2

is
robustly

w
ell-posedfor

allΣ
2 � /

0 �

m�

p

❏
iff

det�$#&%

Σ
1 Σ

2� ' �
0

���
Σ

2 � /
❏

iff

�

Θ
:

�(((((((�(((((((

)

Σ �

1

#
* Θ

+,
Σ

1

#
-. �




) #

Σ
2 �

* Θ

+, #Σ
2 -. �



� �

Σ
2 � /

➥
Q

uadraticseparationresultsare
LM

I-based.

➥
Is

it
possibleto

handlethe
infinite-dim

ensionalconstraintw
ithoutconservatism

?
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E
xam

ple:Lyapunov
m

atrix

A� 1
n �

n

s 2

1#
z 3

ẋ
w 3

x
is

stable(interconnectionw
ell-posedforall s 2

1� �
�

)

❏
iff

�

Θ
:

�((((((�((((((

)

A
T

#
* Θ

+,

A#
-. �




) #

s 2�#
* Θ

+,
#s 2

1#
-. �



� �
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1� �
�

❏
iff

�

Θ

�
+,
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-.

:
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)
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#
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A
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➥
Losslessquadraticseparator.

➥
O

thersetsthan�
�

➾
pole

location.
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E
xam

ple:boundedreallem
m

a

w
z

+,

A
B

C
D

-.

+,

s 2

1#






∆

-.
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robustly
stable(

s 2

1� �
�

�

∆
T∆�

#

)

❏
iff

thereexists
a

separatorsuchas:

Θ

�
+44444,






%
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%
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τ #
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,
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τ�

0
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LM

I
constraint:

)
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1

#
* Θ

+,

Σ
1

#
-. � %
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A
T
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T
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Losslessquadraticseparators

❏
F

ull-block
dissipative

(
-procedure)

) #

∆ �

D

* +,

X
Y

Y �

Z
-.
+, #∆

D
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6

Θ

�

τ +,

X
Y

Y �

Z

-.
�

τ�

0

❏
D

isk
located,repeated,com

plex
valuedscalar

∆ �

δ
c #

α�

δ
c β�

δ �

c β �
�

δ
c δ �

c γ�

0
6

Θ

�
+,

α
P

βP

β �

P
γP

-.
�

P�



❏
B

ounded,repeated,realvaluedscalar

∆ �

δ
r #

α�

2δ
r β�

δ
2r γ�

0

6

Θ

�
+,

α
P

βP�

Q

βP�

Q �
γP

-.
�
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and
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C
onservative

quadraticseparatorsfor
block

diagonaluncertainty

❏
R

epeatedfull-block
dissipative

∆ �#

r 7

∆
D

) #

∆ �

D

* +,

X
Y

Y �

Z
-.
+, #∆

D

-. �



�

Θ

�
+,

T7

X
T7

Y

T7

Y �

T7

Z

-.

T�



❏
B

lock
diagonalpolytopic

∆ �

diag� ∆
1�	888� ∆

r�

∆ �

∑
ζ

i ∆ 9

i:

:
∑

ζ
i �

1

�

ζ
i;

0

�

) #

∆ 9

i:* Θ

+, #∆ 9

i: -. �



Θ
22ii ; 


❏
A

ny
block

diagonalstructureofprevious
types(losslessif

2� m
r �

m
c� �

m
D�

3)

∆ �

diag� ∆
1� 888�

�

Θ

�
+,

diag� Θ
111 � 888�

diag� Θ
121 � 888�

diag� Θ
211 � 888�

diag� Θ
221 � 888� -.
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oth

interconnected
operators

are
uncertain
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R
obustanalysis:param

eter-dependentseparators

w
z

Σ
1< ∆

1=

∆
2

is
robustly

w
ell-posedfor

all�

∆
1 � /

1

���

∆
2 � /

2

❏
iff�

∆
1 � /

1 �

Θ� ∆
1�

:

�(((((((�(((((((

)

Σ �
1 � ∆

1�
#

* Θ� ∆
1� +,

Σ
1� ∆

1�
#

-. �



) #

∆
2 �

* Θ� ∆
1� +, #∆

2 -. �


���

∆
2 � /

2

➥
Infinite

num
berofLM

I
variables&

infinite
num

berofconstraints
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oth

interconnected
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E
xam

ple:µ-analysis

w
z

∆ Σ< jω=

is
robustly

stable(
ω

� 1
�

�

∆� /

)

❏
iff�

ω

� 1
�

�

Θ� jω�

:
�(((((((�(((((((


)
Σ �� jω�

#
* Θ� jω� +,

Σ� jω�
#

-. �



) #
∆ �

* Θ� jω� +, #∆

-. �


� �

∆� /

➥
A

n
optim

istic
boundon

µ
can

then
be

obtainedby
gridding� ω

1� 888� ω
N� 0 1

�

.

➥
Foreachω

i ,build
finite

dim
ensionalLM

Is.
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oth

interconnected
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E
xam

ple:Param
eter-dependentLyapunov

F
unction

w
z

A< ∆=

s >

1?

is
robustly

stable(
s 2

1� �
�

�

∆� /

)

❏
iff�

∆� /
�

P� ∆�

:
��


A
T� ∆� P� ∆� �

P� ∆� A� ∆� �



P� ∆� �



Q
uestion:W

hen
A� ∆� �

A�

B∆�$#&%

D
∆� 2

1C

how
is

this
resultrelatedto

the
robuststability

of
w

z

+,

A
B

C
D

-.

+,

s 2

1#
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ow

ards
lossless
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A
nsw

er:
C

onsiderthe
im

plicit
augm

entedsystem

diag� s 2

1#� s 2
1#� ∆� ∆�

Σ
Σ

:

�((((((((�((((((((


ẋ �

A
x

�

B
w

ẇ �

ẇ

z �

C
x

�

D
w

ż �

C
A

x�

C
B

w

�

D
ẇ

0 �
%

w

�

w

Q
uadraticseparation�

param
eter-dependentLyapunov

m
atrix

P� ∆� �
) #

C
T�$#&%

D
∆� 2

T∆
T

*
P

+,

#

∆� #&%

D
∆� 2

1C

-.

P
rospective

w
ork:

❏
In

relation
w

ith
[B

lim
an],build

asym
ptoticallylosslessP

-D
Lyapunov

functions

❏
Take

into
accountinform

ation
on

the
derivativesof ∆

.
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separation
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T
hereexists

a
m

atrix
K

suchthat
w

z
K Σ

is
stable

❏
iff

�

K

� �

Θ
:

)
Σ �

#
* Θ

+,

Σ#
-. �



�

) #

K �
* Θ

+, #K

-. �



❏
iff

�

Θ

�
+,

X
Y

Y �

Z

-.

:
�((�((


)
Σ �

#
* Θ

+,

Σ#
-. �




X�
Y

Z 2
1Y �

Z�



➾
A

ll
m

atricesK
suchthat) #

K �
* Θ

+, #K
-. �


 ,stabilizethe
interconnection.

➥
T

he
non-linearconstraintX�

Y
Z 2

1Y �

is
notconvex
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Im
provem

ents
and

challenge
17

Q
uadraticseparationfor

design,features:

∆
K

ΣK ∆

❏
D

esignofsetsofcontrollers:handlesfragility

❏
LM

I
form

ulationsfor
state-feedbackand

full-orderoutput-feedback

❏
A

ll
robustm

ulti-objective
problem

scan
be

recastasLM
Is

+
X�

Y
Z 2

1Y �

C
hallenge:

❏
A

lgorithm
s

to
handlethe

non-linearm
atrix

inequality.

❏
S

uccessfulresultsofa
gradient-typealgorithm

-
to

be
im

proved.
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Som
e

generalprospectives
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❏
Tow

ardslosslessrobustanalysis-
P

D
LF

and
beyond

❏
Topologicalseparationfor

controldesign

❏
A

lgorithm
s

for
N

LM
Is

❏
F

reeacadem
icsoftw

are
to

testand
com

pareresults.

http://www.laas.fr/OLOCEP

❏
C

ontroltheoryand
optim

ization-
D

uality,separation...
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