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Overview

1 — Designof resilient SOF gains

[] Matrix ellipsoids
[1 SOFdesign
[] Resilience
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1 - Designof resilient SOF gains

Definitionof {X, Y, Z}-ellipsoids

K € RMxP

— { K e R™P

(I “Matrix ellipsoids”

[1 Closedcorvexsets

X Y 1
ﬁﬁ Eg <0 , Z>0
Y Z K

(K—Ko)Z(K—Kg) <R , Z>0 }

CentreK, = —Z~ 1Y’ € R™*P
RadiuskR = Ky ZKy — X € RP*P
GeometryZ e R™Ms.t.Z> 0, ||Z||=1

O Nonemptyiff | X <YzZ~1Y’
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1 - Designof resilient SOF gains 5

SOFdesign

Thesystem>

Iff

2+ K

IS stabilisableby staticoutputfeedback

thereexistsa Lyapuna@ matrix P > 0 andannon-empty{ X, Y, Z}-ellipsoidsuchthat:

/

<

C D
0 1

X <YZ 1Y

/

XY C D
Y Z 0O 1
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1 - Designof resilient SOF gains 6

Resilience/Fragility

[0 Lyapuna functionV(x) = X' Px provesclosed-loopstability for all controls.t.:

-X <- - 1 -
u(t) = KDY ERLCH NIV | I L

[0 ThecentreK, of the{X, Y, Z}-ellipsoidis resilientto dissipatve uncertainty:

2*(Ko+/Ak) stablelf ZN\ <R

[1 Resilienceconstraintglo not make morecomplex the SOFdesignproblem

[1 Multiplicative uncertaintyandnorm-boundedincertaintyconsideredn IFAC’'02.
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Overview

2 — Multi-P erformance Synthesis

[] RolustH. performance

[] RolustH, performance

] RolustmixedH>/H. performance
[] Multi-Performance
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Multi-P erformance Synthesis 8

Designfor robustH. performance

\V

€ { Xt Yitt» Zift r-ellipsoid
e.g.norm-boundear positve realuncertainties

[ X(t) = AX(t) + Buw(t) + Bw(t) + Bu(t) 4
5. Z(t) = Cx(t) + Daw(t) + Dav(t) + Dnyu(t) W
g(t) = Cox(t) + Dgww(t) + Dgw¥(t) + Dguu(t) Vs |9
| Y(t) = CX(t) + DywW(t) + Dy¥(t) + Du(t) | o<y
u —A y

>+ /A= Z(A): open-loopuncertainsystem

Closed-loogobustH,, performancepecification:
VA Z(A) *xKlle < Yeo
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Multi-P erformance Synthesis 9

\V

Designfor robustH. performance

0O P X_ﬂ <=eH —1 () X Y
_/\_w Mq < Tyt _/\_\N _<_N|_|H8_<_w M3+ _/\_m Mgy
P, © itk At 0 Vil Y Z
Tt >0 Tw >0 Z>0 Po > 0 X <YZ-Y!

= {X,Y, Z}-ellipsoidis a setof stabilisinggainssuchthat:
1Z(A) % K]l < Yoo forall Ae{Xg, Yist, 45t -ellipsoid

1 ()] ()] )] C; Daw Dx Dy
Mq = Mo =

A By B, B 0O 1 0O 0O

O@ U@<< U@< U@c C U<<< U<< D

0O 0O 1 0O ()] 0O 0O 1
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Multi-P erformance Synthesis 10
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Designfor robustH, performancs

€ {Xitt, Vi, Zirt }-ellipsoid
e.g.norm-boundear positve realuncertainties

N?

X(t) = AX(t) + BwW(t) + BY(t) + Bu(t) N
5. ) 5(t) = CX(t) + DaWi(t) + 0¥(t) + Dau(t) w
§(t) = Cof(t) + Dgulk(t) + OU(1) + Dauu®) vV || = < 9
| v(t) = CK(t) + DywW(t) + O%(1t) + Du(t) | '<y
u _A y

> +/\=3(/\) : open-loopuncertairsystem

Closed-loogobustH, performancespecification:
VA || Z(8)* K]l < Y2
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Multi-P erformance Synthesis 11

Designfor robustH, performancé

W

0 P N Xige Y X Y
4 Ny < TN, «_\n M_n N~ ToNGNg + NG | Na
tracd B, P2B,) < T2y3 T >0 >0 Z>0 P> 0 X <Yzl

= {X,Y, Z}-ellipsoidis a setof stabilisinggainssuchthat:
|2(2)*K][; <Yz forall A€ {Xg, Yig, i }-ellipsoid
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Multi-P erformance Synthesis 12
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Designfor robustmixedHz/H. performance

N?

z

<

T K =Y T K =Y

Uniguecontrolgainfor performancdevelsdefinedfor distinctmodels:

[1 Notthesamedisturbancenputandcontrolledoutputsignals
[1 Loop-shapindilters = Modelswith differentorder
[1 Performancedefinedfor distinctconfiguration®f the system

[1 Differentprescribedevelsof uncertainty
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Multi-P erformance Synthesis 13
Designfor robustmixedH,/H. performance
/ 0 Pe / X__n_” <=n_” ! —1 0 / X Y
M3 M1 < Tt My M2 + T M3 M3+ M, My
P. O Yite At D Vil Y Z
T >0 Too >0 Z>0 P >0
0 P 3 X Y, X Y
N} NN | N oNgNe N | Ny
P 0 <=e_“ N__eH Y' Z
trace B,P,B,) < Toy3 T >0 >0 P, >0
X <YZ~LY’

[1 No additionalconseratism:distinctLyapunae functionsfor eachperformance
[1 No constrainbnthesystemsnodels

0 EntirelywritesasLMIs + X <YZ~1Y’
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Multi-P erformance Synthesis 14

\J

Designfor multi-performancs

Uniquecontrolgainfor finite numberof distinctmodel/performancspecifications:

[J He and/orrobustH.,

[1 H, and/orrobustH,

[1 Polelocationand/orrobustpolelocation(IFAC’'02)
[J Simultaneoustabilisation

[1 Overallresilienceof the control

= LMI constraintst X <YZ~1Y’
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Overview 15

3 —Algorithm and example

[1 Conecomplementarityormulation
[] Gradienttypealgorithm
[] VTOL example
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Algorithm and example 16

Conecomplementarityormulation

L(Q,X,Y,Z) <0 X <Yzly

0

0= min traceTS)

L(Q,X,Y,Z) <0 X
AO> ) < S X Y >0 T — 1 T >0
X < X T >1 Y Z T T3
Gradienttypealgorithm (Tkt1, Seq1) = arg min tracé TS+ TS

Stoppingcriteria

[ At theoptimumTS=0 andX < X =YZ~ 1Y’

0 StopassoonasX <YZ~lY’
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Algorithm and example 17

VTOL mxmB_u_mf RolustmixedH,/H. specifications:

~

[2(A)* K]l <Y |[Z(A)*K][z<y2  VAEAq

whereA is norm-boundedincertaintyset- uncertaintylevel parametrisetby a.

test | Vo Yo a Iter CPU  Tr(TS) K{ Al

@ | 05 03 3 4 8s 500 | [0.014 1.55]

) | 05 03 5 4 9s 700 | [0.059 2.45] | |

c | 05 03 7 4 9s 400 | [0.043 1.93] | . . ﬁ
d | 3 3 10| 65 167s 0.006 | [-0.68 0.94] v
e) | 10 10 13| 51 122s 0.02 | [-052 1.21] | | ﬁ Q

| 10 10 14| 65 166s 001 | [0.57 127] | . o

@ | 3 3 14| 36  85s 4 fails S RE

~

__MA v*_AoAJ__8AO.®n_. __MA v*_AoCJ__NAO.H_.M VA E ANg=14
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Conclusions- Prospectves 18

[1 Easyto manipulatormulationof generabroblems
[1 Needsto improve thealgorithm
[1 Dynamicoutputfeedback

[J Rolustnessvith respecto structureduncertainty— PDLF
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