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AHHOTAIUS

Paccmotpena 3anaya OLIEHKH HEU3BECTHBIX MTOCTOSIHHBIX NapaMeTPOB HEJIMHEMHONW HECTAllMOHAPHON CUCTEMBI B
YCIIOBHUSX 3ama3/bIBaHMs B KaHane u3MepeHuil. [leapro paboThl ABIIETCS CHHTE3 aJaNTUBHOTO HAOTIONATENS s
HEIMHEHHOH HeCTalHOHAPHON CHCTEMBI, 00€CHEUNBAIONIETO ACUMITOTHYECKYIO CXOAMMOCTh OLIEHOK HEM3BECTHBIX
MTOCTOSIHHBIX ITapaMeTPOB K UCTHHHBIM 3Ha4CHHAM. [IpenmokeH METO OLEHUBAHUS HEM3BECTHBIX MOCTOSTHHBIX
rapaMeTpoB HEIMHEIHON HecTallMoOHapHOI cucTeMsl, 6asupyromuiicst Ha Texuoorun GPEBO (Generalized Parameter
Estimation Based Observer). Ha ocroe texnonornn GPEBO BbInonHeHa mapamerpu3anist HCXOAHON JUHAMUYECKON
CHCTEMBI K BU/TY JIMHEIHON PerpecCHOHHOI MOJIENN ¢ NOCIeayoIeH HaeHTU(UKAIel HEeM3BECTHBIX apaMeTpoB. [l
OLCHMBaHUA HCU3BECTHBIX IMTapaMETPOB JIMHEHHOM per‘peccnoaﬂoifl MOJEIIM IPUMEHEH METO/I HAMMCHBIIINX KBAaJIpaToB C
(axTopom 3a0bIBaHMs. B pamkax paboThI PeIIokeHo pacInpeHUe MPEAbIAYLIINX PE3yIbTaTOB aBTOPCKOTO KOJUIEKTHBA
Ha Cllyyall HeTMHEWHBIX HECTALMOHAPHBIX CUCTEM C 3ala3/IblBAaHUEM B KaHase u3MepeHuil. [IpenokeHHbIi alroputm
OIIEHKH TapaMeTPOB MOJKET UCIIOIBb30BAThCS JUIS PELICHHS MPUKIAJHBIX 33/1a4, TAKNX KaK KOHTPOIb TEXHHYECKOTO
COCTOSIHHS, @ TAKXKE B 33/1a4aX CHHTE3a CHCTEM aBTOMATHIECKOTO YIIPABICHHUSI.
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A.A. Bobuos, H.A. Hukonaes, O.A. Kozayék, O.B. OcbkuHa

Abstract

Unknown constant parameters estimation problem for a nonlinear time-varying system with delayed measurements
is considered. The objective of this work is to design an adaptive observer for a nonlinear time-varying system. The
observer must provide asymptotic convergence of the unknown constant parameters estimates to their true values. The
main idea behind the method is to perform the parametrization of initial dynamical system based on GPEBO (Generalized
Parameter Estimation Based Observer) technology and to build a linear regression model. The identification of linear
regression model unknown parameters is performed using least square method with forgetting factor. This work develops
the previously published approach for the case of nonlinear time-varying systems with delayed measurements. New
parameters estimation algorithm can be applied for technical tasks, such as technical condition control and automatic
control systems design.
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[pemnoxeno pa3BuTue pesyiabrara paboTsl [1] s
cilydasi, KorjJa B KaHaJle H3MEPEHUs IPUCYTCTBYET U3BECT-
HOE ITOCTOSIHHOE 3amna3/bIBaHue (T. €. BBIXOAHAS IIEpEMEH-
Has U3MEpPEHa C HEKOTOPOI BPEMEHHOU 3aJepkKoii). B
paMkax 000OIIEHHOTO MO/X0/a K CHHTE3y HadIronaTeneh
[2], ocHOBaHHOTO Ha OLIEHKE MOCTOSHHBIX MapamMeTpoB,
TIPEUIOKCH HAOTIOAATeNh, 00€CIIeUNBAIOIINN aCUMITOTH-
YECKYI0 CXOAMMOCTb OLEHOK HEU3BECTHBIX MOCTOSHHBIX
MapaMeTPOB HEJIUHEMHON HECTALMOHAPHON CUCTEMBI K
HUCTUHBIM 3HAYEHUSIM B YCJIIOBUM HaJMUUs 3alla3[bIBaHM
B KaHaJie U3MEPEHUN.

PaccMoTpuM HeNMHENHYIO HECTALMOHAPHYIO CUCTEMY
C OJTHUM BXOJIOM M OiHUM BbIxoqoM (SISO) Buna:

x(1) = A(O)x(?) + KCT(H)x(£) + bu(f) + w(CT()x(?), 1),
() = CT(p(0)x(¢(1)),

rae x(z) € R" — HeusBeCTHBIM BEKTOpP COCTOSHUSA,
u(t) € R — wusBectHbIil BXomHO# curHam, y(f) € R — us-
MepsieMblit BbixoqHoM curnai; A(f) € Ry CT(r) € R —
M3BECTHBIC MATPHIIBI C OTPAHUYCHHBIMH BO BPEMCHH
HecTanuoHapHbiMK mapameTpamu; kK € R7 u b € R? —
MOCTOSIHHBIE M Heu3BecTHBIE BekTophl; W(CT(1)x(1), £) —
YaCTUYHO HEHM3BECTHAs HEIMHEIHAs BEKTOP-QyHKIIMS;
¢(f) — u3BecTHAs HEOTPHLATENbHAS (QYHKIIHS, OTIPEICIIsi-
OILIAs] 3alla3/IbIBaHUE B KaHAJIe H3MEPECHUM

(P(l) =1- dn (P(t) > 09 (2)

rae d > 0 — IOCTOSIHHOE 3ara3/ibIBaHMe.

B oTHO1IEHNHN paccMaTprUBaeMOi CUCTEMBI IIPU pellie-
HHH TTOCTABJICHHOM 33/1au IPUMEM CJIS/YIOIINE THIIOBbIC
nomyuienust (Hanpumep, [3-5]).

Jonymenue 1. HenuneliHas BeKkTOp-(yHKIIHS
w(CI(9)x(¢), t) moxeT ObITH ipeacTasiena B suae w(CI(z)
x(?), t) = mf{CT(0)x(?)), tue ACT(¢)x(t)) — u3BecTHas cKa-
JspHAas HelMHelHas GpyHKiwms, a m € R” — BekTop Hens-
BECTHBIX ITOCTOSTHHBIX ITapaMeTPOB.

Jomymenue 2. [IpeamnonoxeHo, 9to curHai u(f) orpa-
HHUYEH M IIPU 3TOM TPAEKTOPHH BEKTOPA MEPEMEHHBIX CO-
CTOSTHHSA X(f) TaK)Ke OTPAHUICHBL.

()

Jomymennue 3. [Tapa marpun A(f) u CI(f) obnapyxusa-
eMa, T. €. CYIIECTBYET BEKTOp 00paTHO# cBsi3u L(f) Takoi,
YTO aBTOHOMHAsl CUCTEMA

(1) = [A(1) - LOCT0)]x(7)

SIBJIIETCSL ACUMITOTUYECKU YCTOWYMBOM.

Jonymenne 4. ABroHOMHas cuctema X(1) = Ay (?)x(?),
e Ay(t) = A(f) — L(#)CT(f) — paBHOMEpHO ycTOHYMBa
(uniformly stable). [Ipyrumu ciosamu, ee HyHIaMCHTAIb-
Hasi MaTpuUla yJ0BJIETBOPSET yCIOBUIO [6, Teopema 6.4]:

|® (1, D] < ¢, VE=T120.

Jlnst cuctemsl (1) onmpenenym 3a1aqy CHHTE3a aJIalTHB-
HOTO HaOJroIaTess BUA:

2(0) = F(q(0), u(®), y(1)),
[X() k() B(r) ()] = Sx(), u(?), ¥(1),

rae %(f) € R — Bce curnansl BekTopa y(f) OrpaHIYEHB;
X(7), k(f), b(¢) 1 t(f) — TeKyIme OLEHKH, COOTBETCTBEHHO,
x(¢), k, b u m.

AanTUBHBINA Ha0IIOHATENb JOKEH 00€CIeYnBaTh
CXOIMMOCTb OIEHOK HEPEMEHHBIX COCTOSHMS M IOCTOSH-
HBIX HEM3BECTHBIX NMAPaMETPOB K PEAlbHBIM 3HAYCHHSM,
a IMEHHO:

(1) = x(¢), k(f) = k, b(f) = b, m(7) = m,

1t Beex X € R~ y(f) € R,
Jlyist penieHns MoCTaBICHHON 3a/1auM, 110 aHAJIOTHH C
[5], paccmoTpum cuctemy (1) B MOMEHT BpeMeHHU ¢ — d

%= Ax,+KCax,+buy+wuy()=Clxy, (3

e Xy = X(9(0)), Ag = A(9(1)) , C, = CT((1), 1y = u(o(),
W, = mf(Cd Xd).

JIns OIeHKH HEU3BECTHBIX MapaMETPOB CUCTEMBI
(3) ucnompizyem texHonoruto Generalized Parameter
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AnanTuBHbIV HabnoaAaTeNb NEPEMEHHBLIX COCTOSIHUS HENIMHENHOWN HECTALMOHAPHOM CUCTEMBbI...

Estimation Based Observer u o anasiorun ¢ padoroii [1]
paccMOTpUM ypaBHEHHS BHA:

E(D) = Ag&(D) + Lgn(1), §(0) = 0., (4)
(1) = Agn(?) + 1(1), n(0) = 0,,.,, (5)
E(0) = Agdb(0) + Tug, §(0) = 0,,.,, (6)
P(1) = AgaP(D) + 1fy, p(0) = 0,5, (7

D(1) = A D(1), D0)=1,,,, (8)

rae Ay, = Ay(o(?)) u L, = L(e(¢)) — marpuusy; I — enu-
HUYHAs MaTPHIIA COOTBETCTBYIOIECH pa3MepHOCTH.

Taxum 06pa3om, TOCIe HECTOKHBIX MATEMATHUECKAX
npeoOpazoBanuii (1o anaioruu ¢ [1]), HICXOTHYIO THHAMHU-
geckyro cucremy (1) mpeobpasyem K IMHEHHOH perpeccu-
OHHOM MOJIeH BUA:

z(t) = ¥(n0, )

rae z](t) =) - CdT 40) o I/I3Me;[)${eMLH71 curnan; Y(r) =
=[C, () Cym() C L C,p(f)] — BexTOp U3BECT-
HeIX Qynkimii; @ =[0 k b m]7 — Bekrop HensBecT-
HBIX TTIOCTOSTHHBIX TTapamMeTpoB, 0 = x(0).

BOCCT@HOBJICH BEKTOP COCTOSIHHSI HCXOJJHOW JITMHAMHYECKOH
cucremsl (1).

Juist miumoctpanun paboTocIocoOHOCTH MPEIoKEH-
HOT'O TT0/IX0/1a BBIIIOJIHUM KOMITBIOTEPHOE MOJICITNPOBAHHE.
IIpu momenupoBanwu it cucteMbl (1) OBLTH BRIOpaHBI

2 —sint 1 ] _[ 1]
8+cos() 0] 2]
, W(y, 1) = msin(CT(2)x(¢)), tme m = [

CIICYIOIINE TTapaMeTphl: A(f) =

k=| . |lCO=
3 PCO=(,

a4l

HauanbsHble yemosus Bekropa coctostaust x(0) = N
2 —sin(f)]

HWcnonp3yst BekTop 00paTHOit cBsizu L(7) = 1+ cos()
cos(?)]

>

nonyyum Ay (f) =

5 ol

Jliist ipoBepku paboTOCIIOCOOHOCTH TPEIT0KEHHOTO
anroput™ma (4)—(8) COBMECTHO ¢ METOJJOM HAMMEHBIIUX
KBaJpaToB ¢ GpakTopoM 3a0BIBaHUA M7 OI[EHKH Tapa-
MeTpoB Mojaen (1) mpuMeHnuM CleayIonue mapamMeTphl
a=105 M=10 B =1, f, = 0,1. IIpu 5TOM Ha BXOJ CH-
CTeMbI OBLJT IMOJIaH CHHYCOUIANbHBIN curHai u(f) = sin(f).

Pesynbrarsl MozeupoBaHust (PUCYHOK) MOATBEPAMIN
JIOCTHIKEHHUE MTOCTABJICHHOM 1IEJIH.

T
O4-bg, 1)

T
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PucyHOK. Hepexo;ll-nﬂe TMPOLECCHI IO OLEHKaM HEM3BECTHLIX MapaMETPOB

Figure. Transients of unknown parameters estimates

Jist OLIeHKH HEM3BECTHBIX MTOCTOSIHHBIX MapaMeTpOB
Mojenu (9) IpUMEHUM METO]] HAMMEHBIINX KBaJPaToB
¢ (akropom 3a0biBanus (forgetting factor) [7, 8]. Iocie
TIOJTyYEHHs OLIEHOK HEN3BECTHBIX APAMETPOB MOXKET OBITH

B pabote mpemioxxeHo pazButue pesynbrara [1] mis
citydasi, KOTJla BBIXOTHAs TICPEMCHHAs JHHAMUYECKON CH-
CTeMBI JJOCTYITHA U3MEPECHUIO C U3BECTHBIM ITOCTOSHHBIM
3ama3aeiBaHreM BuAa (2). Pesymsrarel MogennpoBaHUs
MIPOJIEMOHCTPUPOBATIN PabOTOCIIOCOOHOCTh MPETOKECH-
HOTO aJIrTOpUTMa.
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