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Èñòîðè÷åñêàÿ ñïðàâêà

Âëàäèìèðîâ Êóðäþêîâ Ñåìåíîâ

Èãîðü Àëåêñàíäð Àëåêñàíäð

Ãåííàäèåâè÷ Ïåòðîâè÷ Âëàäèìèðîâè÷
(ÈÏÏÈ) (ÈÏÓ) (ÃîñÍÈÈÀÑ)

Semyonov A.V., Vladimirov I.G., Kurdyukov A.P. Stochastic

Approach to H∞-Optimization // Proc. 33rd IEEE Conf.

Decision and Control. 1994. V. 3. P. 2249-2250.

Âëàäèìèðîâ È.Ã., Êóðäþêîâ À.Ï., Ñåìåíîâ À.Â. Àíèçî-

òðîïèÿ ñèãíàëîâ è ýíòðîïèÿ ëèíåéíûõ ñòàöèîíàðíûõ ñè-

ñòåì // Äîêëàäû Àêàäåìèè íàóê. 1995. Ò. 342. �4. Ñ. 583-

585.
I Àíàëèç ñòàöèîíàðíûõ è íåñòàöèîíàðíûõ ñèñòåì
I Ñèíòåç óïðàâëåíèÿ: ñòàöèîíàðíûé ñëó÷àé
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Ìàêñèìîâ Òèìèí ×àéêîâñêèé

Åâãåíèé Âèêòîð Ìèõàèë

Àëåêñàíäðîâè÷ Íèêîëàåâè÷ Ìèõàéëîâè÷

Êóðäþêîâ À.Ï., Ìàêñèìîâ Å.À. Ðîáàñòíàÿ óñòîé÷èâîñòü

ëèíåéíûõ äèñêðåòíûõ ñèñòåì ñ íåîïðåäåëåííîñòüþ, îãðà-

íè÷åííîé ïî àíèçîòðîïèéíîé íîðìå // Äîêëàäû Àêàäå-

ìèè íàóê. 2005. Ò. 400. �2. Ñ. 583-585.

Òèìèí Â.Í., ×àéêîâñêèé Ì.Ì., Êóðäþêîâ À.Ï. Ðåøåíèå

çàäà÷è àíèçîòðîïèéíîé ñóáîïòèìàëüíîé ôèëüòðàöèè ìå-

òîäîì âûïóêëîé îïòèìèçàöèè // Äîêëàäû Àêàäåìèè íà-

óê. 2012. Ò. 444, �6. Ñ. 612-615.

I Àíàëèç ñèñòåì ñ íåîïðåäåëåííîñòüþ
I Ôèëüòðàöèÿ
I Ñóáîïòèìàëüíûå ïîñòàíîâêè çàäà÷
I Ìåòîäû âûïóêëîé îïòèìèçàöèè
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Èñòîðè÷åñêàÿ ñïðàâêà

Êóñòîâ Þð÷åíêîâ Áåëîâ

Àðêàäèé Àëåêñàíäð Èâàí

Þðüåâè÷ Âèêòîðîâè÷ Ðîìàíîâè÷

Áåëîâ Àíäðèàíîâà

Àëåêñåé Îëüãà

Àíàòîëüåâè÷ Ãåííàäüåâíà

I Àíàëèç è ñèíòåç äëÿ äåñêðèïòîðíûõ ñèñòåì

I Ïîñòàíîâêè çàäà÷ äëÿ íåöåíòðèðîâàííûõ âîçìóùåíèé

I Àíàëèç äëÿ ñèñòåì ñ íåîïðåäåëåííîñòÿìè ðàçíûõ òèïîâ

I Ñèíòåç ðåãóëÿòîðîâ è ôèëüòðîâ
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Ìîòèâàöèÿ äëÿ èññëåäîâàíèÿ

Ðèñ.1.Ñðåäíåêâàäðàòè÷íûå êîýôôèöèåíòû óñèëåíèÿ äëÿ ñèñòåìû

â îøèáêàõ îöåíèâàíèÿ
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Àíèçîòðîïèÿ ñëó÷àéíîãî âåêòîðà

Îòíîñèòåëüíàÿ ýíòðîïèÿ ïëîòíîñòè ðàñïðåäåëåíèÿ f îòíîñè-

òåëüíî g ðàâíà

D(f ||g) = Ef

[
ln

(
f

g

)]
Îïðåäåëåíèå

A(W ) = min
λ>0

D(f ||pm,λ) =
m

2
ln

(
2πe

m
E[|W |2]

)
− h(W ),

ãäå pm,λ = (2πλ)−m/2e−(x
Tx)/(2λ)

Åñëè W ∼ N (0,Σ), òî

A(W ) = −1

2
ln det

(
mΣ

trΣ

)
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Àíèçîòðîïèéíàÿ íîðìà ìàòðèöû

Ñðåäíåêâàäðàòè÷íûé êîýôôèöèåíò óñèëåíèÿ

Ïóñòü F ∈ Rp×m � ëèíåéíûé îïåðàòîð, W ∈ Lm2 � âõîäíîé

âåêòîð. Òîãäà

Q(FW,W ) =

√
E[|FW |2]
E[|W |2]

F
FW

W

Îïðåäåëåíèå

|||F |||a = sup{Q(FW,W ) : W ∈ Lm2 , A(W ) 6 a}
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Îáúåêò

Ñèñòåìà ñ ìóëüòèïëèêàòèâíûìè øóìàìè

xk+1 = (A0,k + ξ1,kA1,k)xk + (B0,k + ξ2,kB1,k)wk,

zk = (C0,k + ξ3,kC1,k)xk + (D0,k + ξ4,kD1,k)wk,
(1)

Ïðåäïîëîæåíèÿ íà ñëó÷àéíûå âåëè÷èíû

I E[ξi,k] = 0, D[ξi,k] = 1 ∀ i, k,
I E[ξi,kξj,r] = δi,jδk,r,

I {wk} è ξi,k íåçàâèñèìû
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Çàäà÷à 1: êîððåêöèÿ îòêàçîâ

Ðàññìàòðèâàåòñÿ íåñòàöèîíàðíàÿ ñèñòåìà âèäà

xk+1 = Akxk +Bkwk, x0 = 0,

zk = Mkxk +Nkwk,

yk = λkCkxk +Dkwk + (1− λk)yk−1,
(2)

ãäå Ak, Bk, Mk, Nk, Ck è Dk � çàäàííûå ìàòðèöû,

A(W0:N ) 6 a, P (λk = 1) = p è P (λk = 0) = 1− p.

Öåëü

Ïîñòðîèòü îöåíêó âûõîäà zk, îáîçíà÷àåìóþ ẑk,

îáåñïå÷èâàþùóþ |||Fz̃w|||a 6 γ, γ −→ min
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Çàäà÷à 2: îöåíèâàíèå äëÿ ñåòè äàò÷èêîâ

Ðàññìàòðèâàåòñÿ íåñòàöèîíàðíàÿ ñèñòåìà âèäà

xk+1 = Akxk +Bkwk, x0 = 0,

zk = Mkxk +Nkwk,

yj,k = λj,kCj,kxk +Dj,kwk,

(3)

ãäå Ak, Bk, Mk, Nk, Cj,k è Dj,k � çàäàííûå ìàòðèöû,

A(W0:N ) 6 a, P (λj,k = 1) = pj è P (λj,k = 0) = 1− pj .

Öåëü

Èñïîëüçóÿ äîñòóïíûå èçìåðåíèÿ yj,k, j = 1, n,

ïîñòðîèòü îöåíêó âûõîäà zk, îáîçíà÷àåìóþ ẑk,

îáåñïå÷èâàþùóþ |||Fz̃w|||a 6 γ, γ −→ min
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Ñåòåâûå ñèñòåìû (ñåòè äàò÷èêîâ)

×àñòî â ðåàëüíûõ çàäà÷àõ èìååòñÿ íåêîòîðîå ìíîæåñòâî äàò-

÷èêîâ, â êîòîðûõ ñ îïðåäåëåííîé ÷àñòîòîé ìîãóò ïðîèñõîäèòü

îòêàçû, ÷òî ïðèâîäèò ê ïëîõèì ðåçóëüòàòàì îöåíèâàíèÿ � â

ýòèõ ñëó÷àÿõ çàêîíîìåðíî ïðîèçâîäèòü íåêîòîðîå �âçâåøåí-

íîå� îöåíèâàíèå, íî äëÿ ýòîãî òðåáóåòñÿ îðãàíèçàöèÿ îáìåíà

äàííûìè ìåæäó ñåíñîðàìè.

aii ajj
aji
aij

i j

pi pj

Ñõåìàòè÷íîå èçîáðàæåíèå êîììóíèêàöèè äâóõ ñåíñîðîâ.
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Îñíîâíîé ðåçóëüòàò

Óñëîâèå îãðàíè÷åííîñòè àíèçîòðîïèéíîé íîðìû

Äëÿ ñèñòåìû ñ ìóëüòèïëèêàòèâíûìè øóìàìè F àíèçîòðîïèé-

íàÿ íîðìà îãðàíè÷åíà |||F |||a 6 γ, åñëè ñóùåñòâóåò ðåøåíèå

ðåêóððåíòíûõ íåðàâåíñòâ

Rk �
M∑
i=0

(
A>i,kRk+1Ai,k + qC>i,kCi,k

)
+ L>k S

−1
k Lk (4)

ãäå Sk =

(
Imw
−

M∑
i=0

(
qD>i,kDi,k +B>i,kRk+1Bi,k

))−1
,

Lk = Sk
(
B>0,kRk+1A0,k + qD>0,kC0,k

)
, ñ ãðàíè÷íûì óñëîâèåì

RN+1 = 0 è íåðàâåíñòâîì ñïåöèàëüíîãî âèäà

N∑
k=0

ln detS−1k > 2a+ lw ln(1− qγ2) (5)
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Ýòàïû ðåøåíèÿ çàäà÷

1. âûáîð îöåíèâàòåëÿ∗

â çàäà÷å ñ êîððåêöèåé áåç ñåòè

x̂k+1 = Wkx̂k +Hk(yk − C
p
kx̂k), x̂0 = 0,

ẑk = Mkx̂k,
(6)

â çàäà÷å ñ ñåòüþ áåç êîððåêöèè

x̂j,k+1 =
n∑
i=1

aji

(
Akx̂i,k +Hji,k(yi,k − ŷi,k)

)
,

ẑj,k =
n∑
i=1

ajiMkx̂i,k

(7)

∗äëÿ êîððåêöèè � ïðåîáðàçîâàíèå ìîäåëè
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Ýòàïû ðåøåíèÿ çàäà÷

2. çàìûêàíèå ñèñòåìû âûáðàííûì îöåíèâàòåëåì, ôîðìèðî-

âàíèå ¾ñèñòåìû â îøèáêàõ¿,

3. ïåðåõîä îò Ðèêêàòè ïîäîáíûõ íåðàâåíñòâ ê ÌÍ,

4. ââåäåíèå ñïåöèàëüíîé çàìåíû† äëÿ ïðåîáðàçîâàíèÿ ÌÍ ê

ËÌÍ,

Uk =

[
0nx×nx

0nx×py
Wk Hk

]
, Xk = Rk+1Uk

5. ðåøåíèå çàäà÷è îïòèìèçàöèè ñ âûïóêëûìè îãðàíè÷åíèÿ-

ìè,

6. îáðàòíàÿ çàìåíà äëÿ îïðåäåëåíèÿ ìàòðèö îöåíèâàòåëÿ

Wk = R−12,k+1X1k, Hk = R−12,k+1X2k

†äëÿ çàäà÷è ñ êîððåêöèåé
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Ðàçâèòèå: èòåðàöèîííîå óëó÷øåíèå

aii

ajj

akk

aji

akj

a ′ii

a ′jj

a ′kk

a ′ji
a ′ik a ′jk

a ′′ii

a ′′jj

a ′′kk

a ′′ji
a ′′ija ′′ik a ′′jk

step : n− 1

i

j

k

step : n

i

j

k

step : n+ 1

i

j

k

ïåðåñ÷åò ìàòðèö
îöåíèâàòåëÿ

ïåðåñ÷åò ìàòðèö
îöåíèâàòåëÿ

ïåðåñ÷åò ìàòðèö
îöåíèâàòåëÿ

Çàìå÷àíèå: ïðåäëîæåííàÿ ïðîöåäóðà ïîçâîëÿåò ïîëó÷èòü ìàò-

ðèöó ñìåæíîñòè ñåòè, äëÿ êîòîðîé ãðàíèöà àíèçîòðîïèéíîé

íîðìû ¾ñèñòåìû â îøèáêàõ¿ íå ïðåâîñõîäèò çíà÷åíèå, ïîëó-

÷åííîå äëÿ èñõîäíîé ìàòðèöû
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Îòäåëüíûå îöåíêè äëÿ íåñêîëüêèõ äàò÷èêîâ
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Ðèñ.3.Îöåíêè áåç ñåòè
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Îöåíêà, îñíîâàííàÿ íà ñåòè òðåõ äàò÷èêîâ
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Ðèñ.5.Ïîêàçàíèÿ 3ãî äàò÷èêà
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ÑÏÀÑÈÁÎ ÇÀ ÂÍÈÌÀÍÈÅ!
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