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[11amn:

. Brenenune: rapaHTUpOBaHHOE OIEHUBaHKE (PA3OBBIX

COCTOIHUN

. MeToa 31maIcon 0B Ipu HEOIIPEIeJIEHHOM OIMCAHNN
MOJIEJIN:

npejicka3anue (prediction),

yrouHenwue (correction)

. HacTablil ciy4aii:
OlleHMBaHUE HapaMeTPOB METOJI0M JJLJIUIICOUIOB B
JIMHEMHBIX MHOI'OMEPHBIX CHCTeMaX MIPHU HeOollpeaeJIEeHHOM

ONUCAHUU MOJE/M (CTATHIeCKUil CIIyUaii)




[. I'apanTupoBaHHOE OlleHUBaHUE (PA3OBBHIX COCTOSHUIA:

JluckperHasi cucreMma:
x(k+1) = T xX(k);v(k);k); x(0)=Xgq
y(K) h (x(k); w(k); k)

OmnenuBanue: R — anmpoxcuMmaliuss BEKTOPa (Ppa30BbIX COCTOSTHUM

Croxactuuecknii moaxon (stachastic approach):
BO3MYIIIEHHSI — CJyUYaliHbIEe BEKTOPA C U3BECTHBIMU (PYHKITUSIMHU

pacnpenenennsi (puabrp Kanvana)

[apanTupoBanHbIil 101X0, (Worst-case approach):
TIOMEXHW — HEM3BECTHBI, HO OrpaHuveHbl (set-membership estimation)




['apaETHPOBaHHBI TTOIXO/T;

MIPEUMYIIECTBA, HEIOCTATKU:

+ He TpebyeTcsi 3HAHUS 3aKOHOB pacupeiesieHusl Heolpe e IeHHbIX

BCJIMYUH.

I KOHCEpBATHU3M OIEHOK

] CYIECTBEHHOE BJMsTHUE BBIOPOCOB (“mioxux”’ m3mepeHuii)

Ienab:

IIOCTPOUTDH aJITOPUTM IJIJIUIICONTAJIBbHOT'O OIICHUBAaHUA JIA JJUHENWHBIX

JAUCKPETHBIX CHUCTEM C HEOIIPpEACJIEHHBbIM OIIMCaHHMEM MOICJIN

ITONIPOOOBATH YMEHBINUTH KOHCEPBATU3M OIIEHOK.
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OlleHUBaHUe COCTOAHUNI: IIOCTAHOBKA 3a/1a4u

JImHeliHasg JUCKpeTHasd MOAEb: Xk+1 = Ak Xk + By Vg,

Yk = Ck Xk + Wg

Xk 2 R™ — BekTop pazoBbix cocrosinmii, Vi 2 R' — Buemmuee Bo3mymenue,

Yk 2 RM — BekTop m3mepennii, Wi 2 RY9 — ommubku n3mepenui.
Heonpenenennoctb: Xg 2 Xg, Vk 2 Vi, Wk 2 Wy, Ax 2 Ak, Ck 2 Ck

Tpebyercs HaliTH rapaHTUPOBAHHYIO OIEHKY BEKTOpa Xk ,
COIVIACOBAHHYIO C VY1, ..., Yk 1 CA€JJaHHBIMH IIPEAIIOJIO2KEHUAMMU
0 Xo; Vo,:iiuViks W inwe Agan Agg Corin Gy,

[logxonpl: 3AAUIICONIAIBHBIN, MHTEPBAJbHBIN, IIOJU3APAJIbHBIN U IP.




Meton snnuncongos

Xk+1 = Ak Xk + Bk vk
Yk = Ck Xk + Wg
ey, , 2 KEAKK® | kwick® o 1. KECWK® | kwik®
y11 LERE yk1 Bk o HBB'; XO E07 "2 + _2 -« ’ "2 _2
Ak Vk Ck Wk

Xk 3E(Ck;Pk) i ?

AnropurMm:
IIpeaCKa3aHne — CyMMa MHOXKECTB
YTOLIHeHI/Ie — I1epeCcedeHue€ MHOXKECTB

Quummrcons: E(c;P)= x2R": xjo)TP(xjc)=1;P ,0

Pazmep snnaumnconga:
oobem gt = f INdetP, caen marpunpr i = trP il




dran npejickasanus (Prediction)

Xk+1 = Ak Xk + Bk Vk;

Xo 2 E(Co; Po); Po>0; o + —— <l
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Ortan npeackasanus (prediction)

b:(A‘F ¢A)X+V;

ke ak? N kvk? .

II2 2

1:

X 2 E(c;P);

MnuozxkecTBO jJocTuzKUMOCTH (1 mar):

F= B=Ax+z: X2E(CP); kzk® = "kxk* + -*

F % E(;Q)i?




Teopema 1 (prediction)

Kaxkawrit smuncond u3 cemeiicrsa E(d(); Q(¢)), rme

di) = (Li-“)AQi'Pc;
/A(?ilAJ-+'éi1| il
Q) = ST E—s ;
1i»(@)
Q. = (@i-?)P ™l
() = (@i-%)c'Pci(@i-%)°c'PQiPc;
comepkuT F mpmBcex ¢, 79 0<¢{ <¢ = e

1€ ,min = MIN eigP.

{min = arg _min f(Q )

0<¢<¢




R=(A+Cp) X+V;

ke ak? N kvk? -

X2 E(c;P);

||2 2

1:
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R=(A+Cp) X+V;

X 2 E(c;P);

npu C =0 =) onTuMaIb-
Hasl JITATICOUTATIbHAS
OIIEHKA MHOXKECTBA, JJOCTH-

ZKUMOCTU.

OINS N kvk? -

||2 2

1:
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dran yrounenus (Correction)

Xk 2 E(ck;Pk); Pk >0;

KCCrk?  kwyk?
Yk = (Ck + €Cy) Xk + Wk; = uShS Tk - 1
Ck _Wk

=) AIllIIpOKCUMaAllud IIepeCcedeHus1
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dral yrounenus (correction)

x2E(;P), P>0

keck?>  kwk?
-+ -
17, 2

y=(C+Cc)X+w, 1:

ViCX=CcX+Ww;
ky i Cxk® = "2kxk? + -*

X id)M(xijd) el

rAc M:yTCRilcTRyiny+_2; d=RilCly; R=CTC "l




Teopema 2 (correction)

Eciu X2E(C,P), u y=(C+ Cc)x+w, kq;..‘;kz + k"_"fz -],
o X2E(9(@);Q()), rame

Q) 1i”)"Q.;
Q. = (@Qi¢)P+iM E
g¢) = QiYL i ¢)Pc+Md];
" = (1i¢)c"Pc+ed™™Md i g(:)TQ,a();
%0
8 : 0=; <¢ =min 1

3

1

1 1 >min

: .min = Mineig(M;P)_—

¢min = arg 0 min&/f(Q(;)
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X2 E(c;P)

2 2
y=(C+e&c)x+w; —kquk +szk =L

IIpumep:

4

y=3; C=(il5; 3);
"=15 and -=0:5 T il

E(;P): ¢c=0; P = 0 : 1

1=9




DJLIUTICONTAJIBHBIN PUIBTD:

prediction + correction.

Boyd et al. (1994), El Ghaoui & Calafiore (1999)
1 ¥  LMI nonxorn

1 1 3amgava cBoaMTCA K OJHOMEPHON MUHUMHU3AIINNA.
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HexkoTopsie 0000menns Ha

1. ncnosp30BaHWE APYTUX MATPUYHBIX HOPM
2. pa3/ieabHble OTPAHUYEHUA HA MATPUYHYIO U BEKTOPHYIO
HEOIIPEJICJICHHOCTHU

rax:

DJLIUIICOUTANbHBIN huabTp: prediction -+ correction.

1. CybonTumMmaJjibHbIE JIIUIICOUIAJIbHbBIE OIEHKMU.
2. Tpynnoctu:

BBIIIYKJIOCTD I1€JIEBBIX (DYHKITUIA,
CTaOUJIBHOCTH BBIYMUCJICHU,

BJINSHUE BBHIOPOCOB

Cratpsa: B. Polyak, S. Nazin, C. Durieu, & E. Walter (2004). Ellipsoidal parameter or

state estimation under model uncertainty. Automatica, 40(7).
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II. OnenuBaHue napamMeTpos:

9Tall YTOYHEHUA JJId CUCTEM C MHOT'MMM BbIXOJaMU

X 2 E(co;Po); Po>0 j anpuopnas undopMaIius

k¢Cik2 + kWi|(2 -

Vi = (Ci + €c;) X+ wj; ) — 1, 1=1;:;m:
| |

E;: — ? i¥ E(d;Q)3x,

c, — X % T.4. X yaoBa. (1) u (2).

c, — — Y3
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n
X = x2R": vy =(Ci+¢Ci)TX+Wi;

k¢Cik2 + jWij2

2 2
i i

6l 1=1::::m

MHOKECTBO BO3MOXKHBIX I1aPAMETPOB 00bEKTA
(Feasible Parameter Set)

? i1 E(;Q) T E(co;Po) \ X
‘ w cc
X= Xi= x2R": (xig)' Mi(xijg)61
=1

Mi = Ri= y?c] Ritc i y2+-2 ; gi =vyiRi'ci; Ri=cic] i "2l




Teopema 3

Ecom X2 E(Co;Po); Po>0, m

ka&cik?  jw;j?
s
1 1

ro X 2 E(dfi; (1 § ») #'Qni), rae

yi = (Ci + €ci) X + w;; 6 1, 1=1;::::m;

2

. P _
Qfi = figPo+  fixMy;
k=1 q
=1 . m -
di = Q4~ figPoCo +  fikMyogk
k=1
i = fipcl P +ﬁ:f' T M i df Ofidsi:
»fi l0Co PoCo IO, MOk i dyj Qridri;
k=1

npu Bcex 3HaueHusx fi ﬁfio; 0 fim) T, Takux uro fi; > 0; 1 =0;::;m,
Eloﬁi =1uQf>0.
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IIPU OrPAHUYEHUSIX

2

o b 1 1
P
g in;O fl. =1
. P. .
Qs = figPy + i1 fi;M; > 0:

=) LMI/SDP
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k=1
@) 1
_ 2K eI X
sk = e-||<_ Qf'ilek O @ A>0;, 1o ftr Qf'.l 6 2k
ex Qs k=1
- X
min 27K
k=1
IIPA OIPAHUYEHUSIX
2
fi; >0; 1=0;:;m;
o :rlo fij = 1;
o Qfi = fioPoy+ {2, fiiM; > 0;
T
@ "% A=>0 k=1::n:
ek  Qfi
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