Tokyo Institute of Technology

Robust Set Invariance Theory

|

Tokyo Institute of Technology



Outline

Tokyo Institute of Technology

2. (Preparation for Chapter 3)
3.

(Composition of Initial State Set)
4,

Fujita Laboratory 2

Tokyo Institute of Technology



1,

X = AX + BU,

min Z {XiTQ X; + uiT R ui}
i=0

—

X(t) e X
[u(t)eU "tef0, N}

Tokyo Institute of Technology

Tokyo Institute of Technology

@ Initial state

V N
Y
A .
S
S
S S
N AN
N N
S N
S N
A AN AN
N\ N AN
3 AN AN
N AN AN
3 N
N\ AN
N\ N
\
N N
A AN
S N
N
\\ N
S >

N

~
N N
N N
N
N N N
N N
N N
A N
N
N
N N
N N
N N\
N
N
N
N
\,




1.

Tokyo Institute of Technology

@ Initial state

N =1 .j .Q\\ \\\\\ \\\\
min Z{xiTQxi+uiTRui}+xT(N)PX(N) //\ /
CXBeX

ut)eU "tef{0, ,N} )/
_X(N)eT T

Tokyo Institute of Technology



2. (Preparation for Chapter 3)
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2.1Robust One-Step Set
Definition ( , X = TXoU) )

X u 1

Q Q(€2)
Q(QQ) = {X, e R"

“u, el :x,.,, e}
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2.2 Robust Control Invariant Sets
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Detinition ( , X = F(X,U) )
X, u
Z,
In other words y
- . k+1
X, €l = ukeU.XkHeZl/

21 c Q W’hen u 1s not Z
® Maximal robust control invariant set appropriate input :
Definition

COO (Q) robust control invariant set Q
robust control invariant sets , C_(€2) Maximal robust
control invariant set

C o (Q) unique
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2.3Geometric condition for invariance
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Theorem(Geometric condition for invariance)

The set Q < R"is a robust control invariant set

if and only if Q < Q(Q)
Proof: Q(Q)
(=) QzQ) Q)
X, €O "X, e
Xk+1 = Q u Xk+1. .
Fig. Q  Q(Q

C2 robust control invariant set

(<) Q robust control invariant set X, €

u X, €Q

Q(Q2) X, €O

QzQ(2)
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2.3Geometric condition for invariance
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Theorem

Q is robust control invariant if and only if 2N Q(L2) =Q
since QNMQ(Q)=Q < QcQ(Q)

2)

® Algorithm(€2 is invariant set or not)

1.Compute Q(€2) Fig. ) = Q(Q)
2.0 Q(Q)

3. Qc Q) (2 robust control invariant.
Q z Q(Q) (Q not robust control invariant.
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2.4 Robust Positively Invariant Sets

Definition ( X = F(X,h(x)))
X, Z, Z,

In other words
X, €L, = X, €4,
L, cQ
@ Maximal robust positively invariant set

Definition

o (Q) robust positively invariant set Q
robust positively invariant sets : OOO (Q) Maximal
robust positively invariant set

O (Q) unique
L(£2) 9
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(Composition of Initial State Set)
k+1 f (Xk > U )
minZ{Xi Qx +u Rult+x"(N)Px(N)
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3.1Robust Controllable Sets

Definition

X u 1-1 Q
1 T

K (Q,T)={x,eR"
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3{Uk e U }2)_1.
X €Q}y,x €T}

T target set
T eR"

Definition of K_(€2,T) n

The Iimit , if 1t exists , defines the infinite-time robust controllable set

def
Fujita Laboratory e

K, (€, T)=1lm K;(Q,T)
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3.1Robust Controllable Sets
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Lemma
Ki+1(QaT):Ki(Q9T) 1
= K_(Q,T)

® Algorithm(Robust Controllable Sets)
L. K 0 (Q DT ) =T
2. K (Q, T)=0Q(K.(Q2,T)) nQ
3.1fK .., (Q, T ) = K, (Q,T ),then terminate the algorithm
andset K_ (Q,T)=K.(Q,T)
It K (Q,T)# K, (Q,T), repeat No.2
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3.2 Robust Admissible Sets

Definition
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X u 1 Q

C.(Q)={x,e R"|*{u, e U} {x eQ}}

Q)

® Algorithm(Robust Admissible Sets)
1Cl(gl) — KI(Q,Q)

2. K (Q,T) Cia(Q) =Ci(Q2)
C,(©2) =C;(Q)
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3.3Robust Stabilisable Sets

Definition
Q X u N

T i T
S (Q,T)={x,e R"|”{u, =h(x,)eU}}"’
N <i:{x eQy}y ", {x eT Q. T <Q(M)}
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T target set
(robust control invariant subset of )

Theorem

Si+1(QaT):Si(QaT) 1
< S _(Q,T)
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3.3Robust Stabilisable Sets
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® Algorithm(Robust Controllable Sets)

1.5;(Q2,T) = K;(Q,T)

2.1f S, (Q,T) = 5;(Q, T ) then terminate the algorithm
andset S_(Q,T)=S5.(Q,T)
IfS,.  (Q,T)=#S.(Q,T),repeat No.l

1+1
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