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Abstract. Regular algorithms for estimating uncertain
perturbations in the problems of synthesis of invariant
control systems are given. Recurrent algorithms for
estimating uncertain perturbations in dynamic control
systems are proposed based on the methods of dynamic
filtering and solving ill-posed problems. The regularization
parameter is recommended to be determined based on
the method of model examples. The above algorithms
make it possible to find a regularized estimate of the input
vector compatible with the observed system output, and
thereby improve the accuracy of estimating the input
uncertain perturbation.

Keywords: estimation of uncertain disturbances, invariant
control systems, dynamic filtering, regularization,
regularization parameter.

Annotatsiya. Invariant boshqgaruv tizimlarini sintez qilish
vazifalarida noaniq buzilishlarni  baholash  uchun
muntazam algoritmlar berilgan. Dinamik filtrlash usullari va
noto'g'ri  muammolarni hal qilish asosida dinamik
boshqgaruv tizimlarida noaniq tartibsizliklarni baholash
uchun takroriy algoritmlar taklif etildi. Tartibga solish
parametr model misollar usuli asosida aniglash uchun
tavsiya etiladi. Yuqoridagi algoritmlar kuzatilgan tizim
chiqishi bilan mos keladigan kirish vektorining tartibga
solingan bahosini topishga imkon beradi va shu bilan
kirish noanigligini baholashning anigligini oshiradi.

Kalit so’zlar: Noaniq g'alayonlarni baholash, invariant

boshqarish tizimlar, dinamik filtrlash, rostlagichlar,
rostlagich parametrlari.
AHHoTaums.lNpnBoasiTcs perynsipHble anropuTMbl

OLIEHVBaHKS1 HeonpeaeneHHbIX BO3MYLLEHWA B 3ajavax
cuHTE3a VHBapUaHTHbIX cuctem ynpasneHus.
MpeanoxeHbl PEKYPPEHTHbIE anropuTMbl  OLiEHUBaHUSA
HeompefeneHHbIX  BO3MYLUEHUA B AMHAMUYECKUX
cuctemMax  ynpaeneHust Ha  OCHOBe MeTO[0B
OVMHaMUYeCKoi UNbTPaLMM U PELLEHUS] HEKOPPEKTHBIX
3agay. [apameTp perynsipusauum  pekomeHayeTcst
onpenensiTe Ha OCHoBe crnocoba MoAenbHbIX NPUMEPOB.
MpuBedeHHble  anropuTMbl  MO3BOMSOT  HAXO4WTb
perynsipusoBaHHyio OLIEHKY BeKTopa BXOL0B,
COBMECTUMOrO C HabniogaembiM BbIXO4OM CUCTEMbI, U
TEM CaMblM MOBBLICUTb TOYHOCTb OLIEHMBaHUSI BXOAHOTO
HeornpeaeneHHOro BO3MYyLLEHNS.

KnioueBble crnoBa: OLEHUBAHWE HEOMpPedeneHHbIX
BO3MYLLEHWUA, WHBApWaHTHbIE CUCTEMbI  YNpaBREHNS,
OuHamuyeckasi (unbTpauusl, perynspusauus, napameTtp
perynspusauuu.

To date, in the theory of adaptive systems,
methods of parametric adaptation have received
significant development [1-4]. However, the
methods of signal adaptation, due to the
incompleteness of the a priori and the presence of

the current uncertainty of knowledge about external
influences, have not received due development, in
particular, these are the issues of estimating
uncertain disturbances and uncontrolled input
actions in dynamic control systems. The problem of
restoring the initial state and the input action of a
dynamic system based on the results of measuring
the output belongs to the class of inverse problems
of the dynamics of controlled systems [5]. Since
this problem is ill-posed, it is necessary to apply the
methods developed in the corresponding theory
[6,7] to solve it.

Consider a linear dynamical system with
observation:

X1 = ApXy + Bewy, x (ko) = x°, (1)
Vi = CXxy + Dwy, )

roe x ER", weRP,yeR™; x =x, — state of the
system; x° — initial state of the system; w, € L} —
input unmeasured perturbing effect on the system;
Y, € Lt — system output; Ay, By, C, D, — matrices of
corresponding dimensions.

Let
@ =R"xI},Y =L}

Let us turn the space into a Hilbert space by defining
the scalar product on it (8;,8,)¢ = (x?, x2)gn +
<W1,W2)L12’-

Relations (1), (2) define the linear operator
F:0 - Y, which each pair 8§ = (xy,w) € 0, that is,
the input of the system, assigns the function y € Y at
the exit of the system. Let y* — some system output
(1), (2). Denote by ©* non-empty set of all inputs
6 € 0 such, that

FO = y". )

Let wus consider the problem of
approximate restoration of an element 8* = (x2,w*)
based on the results of inaccurate measurements of
the output, assuming that the matrices A,B,C,D
known exactly.
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To solve the equation (3) we will use the
concepts of dynamic filtering. To denominate
equation (3), we write it in the form:

Ors1 = O + wy, 0(0) = 6y, (4)

Virr = Feg1Opr1 + Vi1 (k=0,1,...), ()

where 8, — system state vector, y; — measurement
Vector, wy, n v, — Gaussian white noise with zero
mean and intensities Qy, Ry; 6, — Gaussian random
vector with known characteristics M(6,) 1

M(6,61) = P,.

We will assume
correlated with 6, but

that w, and v, not

M[ka]T] = Sk5kj,5k * 0, ,

where §;; - Kronecker symbol. Matrix R, - positive
definite.

Let's also assume that
— 0
Wi = Vg + Wi,

where

M[W,?U]-T] =0,

at Vk,j,M[W,?WjOT] = Qpbk;-

According to [10], we have
ék+1|k = éklk + M[wy|y]. (6)

It can be shown that in the case under consideration
the condition

0,ecnuj < k,
0,,xT| —
Mlwyj*] = {Sk,ecnuj =k. (7)
Based on the properties of conditional

mathematical expectations [8], as well as relation
(7), we obtain

Mwy|yi] = Wilyx — Fkéklk—l]r (8)
where

Wy = Si[FxPri-1Fr + Rl 9)

Py ; - correlation matrix of estimation error g ; =
Hk - 9k|]
Substituting (8) into (6), we find

ék+1|k = ék|k + Wilye — Fkéklk—l]- (10)

Based on the representations [9,10], we
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A AN ~ %
Ok+1ik+1 = Orvrje + Kir1View 1k

K= Pk+1|kF;cT+1Ga (Pk+1) ; (11)

-1
Ga(Pk+1) = [Pk+1 + Cd] ’
T
Pk+1 = F;C+IBc+l|ka+l +R .,
w1 = Fk+1ék+1|k + Viet1,

9k+1|k = O — 6k+1|k1

Vi+1 — Fk+1ék+1|k = [Fir1Pes1cFreaRicts + N Yisr —

Frs10ks1jk41]s

rae G, (P,,,) — generating system of functions for

the regularization method, @ - regularization
parameter.

The regularization parameter a in (11)
should be determined based on the method of
model examples [11].

Then
ék+1|k = ék|k + Dy [y — Fkék|k]1 (12)

where
Dk = Slezl.

By virtue of [12,13], the optimal current estimate of
the state vector is determined using the relation:

ék+1|k+1 = M[Oks1|y1 - Vir Vi1

M[Oxs1|yis- - Vi Yiewr] = M[Opqalyi, - Vil +
M[6k+1|3~’lz+1|k]!
}7;:5+1|k = Yis1 — M[Yisalyis - Vel
ék+1|k+1 = ék+1|k + M[9k+1|371t+1|k]' (13)

Now, using equations (12) and (13), we can obtain
the optimal filter equation:

ék+1|k+1 = Agéklk + Kicr1[Vis1 — Fk+1Agék|k] + (I
- Kk+1Fk+1]DkY;E'90|o =0,

where
AY = [ — D, F,.
Based on (4) and (12), we can write:
Exs1jk = A€ + Vi,

where

m—CXPress ék+1|k+1 in ék+1|k:
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I, =, =Dy); v = (Wlf'vlz)T’
At that

Qr Sk
): FkM[vkglak] = 0.

L, = M[v, vl =<
k [ k k] SIZ Rk
Then
Pisajk = ARPie AR + LLi Ly

Pk = [I = KiFie]Pyjie-1,Poj0 = Po- (14)

Pk+1|k = Al?Bc\k—lAl?T - A]?Bc\k—lF;cTGa(Pk+l)F;ch\k—1AI?T + FkLkaT'

Equation (15) is a discrete Riccati equation, the
methods of investigation of which are given, for
example, in [14-20]. The matrix arises as a natural
notation for the transfer matrix in equation (12). Note
that the assumption that is not essential and can be
taken into account by introducing the initial condition
of the optimal filter equation:

é0|0 = M(0,).
The constructed algorithm generates an estimate

B = M(6klyi, 0 < i < k)

by processing current measurements y; together
with previous measurements y;,_;.
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