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Some basic notions

sE — Ais regular, if { =n and det(sE — A) € R[s] \ {0}
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Some basic notions

sE — Ais regular, if { =n and det(sE — A) € R[s] \ {0}

generalized Wong sequences:

Vy := ker C, Vi1 := A"HEY, +im B) Nker C, i > 0,
Vi \ VB,A,B.0)
Wo := {0}, Wit1 = E"Y(AW; +im B) Nker C, i > 0,
Wi /* Wig,aB.c]
E=1

e (%) is invariant subspace algorithm [WONHAM ’85]
e (W) is controllability subspace algorithm [WONHAM ’85]
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S Ex(t) = Az(t) + Bu(t) + Qd(t), de c™
y(t) = Cu(t)

sE — A regular: disturbance decoupled <= C(sE — A)"1Q =0
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S Ex(t) = Az(t) + Bu(t) + Qd(t), de c™
y(t) = Cx(?)

sE — A regular: disturbance decoupled <= C(sE — A)"1Q =0

(p[E>Aszc] : Coo _> P(COO)?
U { y € C™ ‘ Jx € C™: (v,u,y) € B apc }

Def. (B =0): [E, A,Q,C] is DD 1<

Vdi,dy € C: @pa0,c)(di) = P a,0,0(d2)
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Thm.:

[E,A4,Q.ClisDD <= imQC BV 400+ AWa00]
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Thm.:
[E,A4,Q,Clis DD <= imQ C EYy 4001+ AW 400
Thm. [WoNHAM ’85]:

IF: [I,A+BF,Q,ClisDD <= imQC ¥ 50
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[E,A,Q,ClisDD <= imQC EWy 400+ AW a0
Thm. [WONHAM ’85]:
IF: [I,A+BF,Q,ClisDD <= imQC ¥ 50

Thm. [BANASZUK ET AL. '90]:
JF: [E,A+ BF,Q,C] is DD <
e im(Q@ C E‘V[E,Aﬂc] + AWFE,A,B,C} +im B,
o dim (FR* +im Q) < dim R*
where R =Yg aB.a.00 " MEA B0
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Behavioral feedback

d(t) y(t)
T 4EBx(t) = Ae(t) + Bu(t) + Qu() [
u(t) y(t) = Ca(t) ®)

le(t) + Kgu(t) =0

closed-loop system:

wranon= 2 9.4 2] {)ieo]
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Behavioral feedback

4 Bx(t) = Az(t) + Bu(t) + Qu(t)
u(t) y(t) = Ca(t) =®)

le(t) + Kgu(t) =0

closed-loop system:

K 1K nK ~K1_ ||[E O |A Bl |Q
[E 7A 7@ 7C ]_ |:|:O O:|7|:K1 KQ I O 7[070]
Def.: K = [K, K3] is compatible for [E, A, B, C], if

V(a:,u,y) S %[E,A,B,C} H(j‘,ﬂ) S %[EK,AK,O,O} : E$(0) = Ef(O)
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Thm.:

3 compatible K = [K;, K»]: [EX, AKX QK CX]is DD
= mQCEVp,p0)+ AWpapc +mB
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Thm.:
3 compatible K = [K;, K»]: [EX, AKX QK CX]is DD

= mQCEVp,p0)+ AWpapc +mB

Still a lot of freedom in the choice of K
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Open problem due to [LEBRET ’94]

Disturbance decoupling does not guarantee disturbance rejection!
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Y
Open problem due to [LEBRET ’94]

Disturbance decoupling does not guarantee disturbance rejection!

Example:
B1(t) = —aa(t) + d(t), (1) = 21(1)

is DD since ®(d1) = ®(d2) = C*° for all dy,ds € C™
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Open problem due to [LEBRET ’94]

Disturbance decoupling does not guarantee disturbance rejection!

Example:
B1(t) = —aa(t) + d(1),  y(t) = 21(0)
is DD since ®(d1) = ®(d2) = C*° for all dy,ds € C™

but: y still depends on d
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additional assumption: %EKz(t) = AKX %(t) has unique solutions
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additional assumption: %EKz(t) = AKX %(t) has unique solutions

i.e., [EX, AK]is autonomous <= kergyy (sEX — A%) = {0}
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additional assumption: %EKz(t) = AKX %(t) has unique solutions
i.e., [EX, AK]is autonomous <= kergyy (sEX — A%) = {0}
Aim: Characterize existence of compatible K s.t.

o [EK AK QK CX]is DD

o [EX, AK] is autonomous
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Let inv. S,T be s.t.

—An A 0

_|slp,
S[sE— A,—B]T = { 0 0 $Eyy — Ay

where tk(AE99 — Agg) = ng for all A € C;

5Q = [gj L [COT = [C1,Co, C] KT = [Ky, Ko, K
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Let inv. S,T be s.t.

—An A 0

_|slp,
S[sE— A,—B]T = { 0 0 $Eyy — Ay

where tk(AE99 — Agg) = ng for all A € C;

5Q = [gj L [COT = [C1,Co, C] KT = [Ky, Ko, K

Lemma:

K is compatible for [E, A, B, C] s.t. [EX, AX] is autonomous
<— imK; CimKy A rkKy=ng9
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If [EX, AK QK CK]is DD, then

Vde c™ 3 (xy,x2,23) € C: 71 = A1z + Ajpxs + Qd
Egoig = Agoxs + Q2d

0=Chz1 + Cozs + Cix
0= Kiz1 + Koxs + K3zx3
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If [EX, AK QK CK]is DD, then

Vde c™ 3 (xy,x2,23) € C: 71 = A1z + Ajpxs + Qd
Egoig = Agoxs + Q2d

0=Chz1 + Cozs + Cix
0= Kiz1 + Koxs + K3zx3

By Lemma: Jinv. V sit.: V[Ky, Ko, K3 = {Zl Iny Zﬂ

0 0 Zs
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If [EX, AK QK CK]is DD, then

Vde c™® I(x1,2,23) € C: &1 = Ap1xy + Apprs + Qrd
E22i3 = A221'3 + QZd
0=Chz1 + Cozs + Cix

0= Kz, + Koxg + Kszs

By Lemma: Jinv. V st.: V[K}, Ky, K3 = {Zl Ins Zﬂ

0 0 Zs

Vde Coo B (1'1,.7)3) (S Coo : (i‘l = (AH — Alzzl)l'l — A12Z2.’IJ3 + Qld
Eat3 = Azox3 + Q2d
0= (01 — CQZl)J}l + (03 — CQZQ)ZE;;
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— dF= [Zl,ZQ]Z

Inl 0 A11 0 A12 Ql
0 E22 y 0 A22 — 0 F, Q2 ,O is DD
0 0 Cl 03 02 0
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— dF= [Zl,ZQ]Z

Inl 0 A11 0 A12 Ql
0 E22 y 0 A22 — 0 F, Q2 ,O is DD
0 0 Cl 03 02 0

equivalently, by [BANASZUK ET AL. '90], with

o I, 0 A 0 A (@1
[E»AaBaQ] = 0 E22 ) 0 A22 ) 0 ) Q2 ’

0 0 Ci Cs Co 0
+im B,

*MQECEVE 15q T AW[%,A,B,O}
o dim (Efi* +im Q) < dim R*
where R* = 7/[};74,[3,@],0] n W[E,A,[B,QLO]
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