VIIK 681.51

DESIGN OF FINITE-TIME ALGORITHMS OF ADAPTIVE COMPENSATION OF
MULTISINUSOIDAL DISTURBANCES IN LINEAR SYSTEMS WITH
UNKNOWN PARAMETERS

Thai Son Nguyen' (Master’s student)
Scientific supervisor — Candidate of Technical Sciences, Assoc. Prof. Dmitry N. Gerasimov'
IITMO University
thaisonitmo24@gmail.com, dngerasimov(@itmo.ru

Abstract

This work studies adaptive output-feedback compensation of unmatched multisinusoidal
disturbances in LTI plants with unknown parameters and unmeasurable state. The disturbance
affects both input and output and has unknown harmonic components. A disturbance observer
based on a modified of the model reference adaptive control (MRAC) parametrization lemma
enables a direct output-feedback design without backstepping. Controller parameters are tuned via
finite-time convergence (FTC). To avoid ill-conditioning and underflow of determinant-based FTC
in high dimensions, QR decomposition is used for numerically reliable matrix operations.
Simulations validate closed-loop performance.
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AHHOTanHUA

B pabote paccMarpuBaercs aZjanTUBHAs KOMIIEHCAIUs HECOITIaCOBAHHBIX
MYJIBTHCUHYCOMIaTbHBIX BO3MyIleHHH B LTI-00bekTax ¢ HEM3BECTHBIMM HapaMeTpamMHu u
HEW3MEPUMBIM COCTOSSHUEM Ha OCHOBE BBIXOJIHOM OOpaTHOU CBs3u. Bo3MylieHune BO3IEUCTBYET
KaK Ha BXOJ], TaK M Ha BBIX0J 00bEKTA U COJEPKUT HEU3BECTHBIE TAPMOHMUYECKUE COCTABIISIONINE.
Habntonatens BO3MyIIEHHS, MOCTPOEHHBIM Ha MOAM(ULMPOBAHHON JIeMMe MapaMmeTpu3aluu
MOZIETIbHO-3TaJIOHHOTO ajanTuBHOro ympasieHus (MRAC), obecrieunBaeT mpsiMON BBIXOIHOU
CHHTe3 0e3 mpuMeHeHus: OskcrenmnuHra. Hactpoiika mapaMeTpoB perynstopa BBIIOIHSETCS 10
anroputMy KoHeuHoBpeMeHHOM cxoaumoctu (FTC). [Jlng npenoTBpamieHus  IUIOXOH
0OyCIIOBIIGHHOCTH U 4HCIeHHOro mnepenoiHeHuss BHU3 (underflow), xapakTepHbIX Ui
nerepMuHaHTHBIX ycioBuid FTC B BeICOKOpasMepHBIX 3aadax, ucnoisdyercs QR-pasnoxenue,
o0ecrieynBarolee YNCIEHHO YCTOHUMBbIE MaTpUUHbIE onepaiiii. MoaeanpoBaHue NOATBEPKIAET
paboTOCIOCOOHOCTh 3aMKHYTON CUCTEMBI.

KuaroueBbie ciioBa
agariTUBHAA BBIXOJHAA o6paTHa$[ CBHSL; My.]'II)TI/ICI/IHyCOI/I)Ia.]'IBHBIe BOSMYHICHI/ISI; CXOOUMOCTL C
KOHEUHbIM BpemeHeM; napamerpusaunus MRAC; QR-paznoxenue

Introduction. This work concerns the problem of adaptive compensation of
multisinusoidal (multiharmonic) disturbances in linear time-invariant (LTI) plants with unknown
parameters. The external disturbance simultaneously affects both the input and output of the plant



and can be represented as a multiharmonic signal with unknown frequencies, phases, and
amplitudes. The state of the plant is assumed unmeasurable. A special observer based on the
MRAC parametrization lemma is employed to handle unknown plant and disturbance parameters.
Unlike existing direct output-feedback methods, the proposed design does not require a
backstepping procedure. For controller parameters tuning, the finite-time convergence (FTC)
algorithm is applied. In order to overcome the problem of high dimensions, the QR-decomposition
is employed to ensure numerically reliable matrix inversion.

Main text. We address adaptive compensation of unmatched and a priori unknown
multisinusoidal disturbances affecting a LTI plant with unknown parameters and unmeasurable
state. The problem of direct adaptive compensation of unmatched external disturbances has been
solved for linear systems [1] and nonlinear systems [2] with unknown parameters by applying the
backstepping approach. Thus, the first contribution of this work is the design of a new disturbance
observer based on the MRAC parametrization lemma, which enables direct adaptive disturbance
compensation without the backstepping procedure. Regarding controller parameter tuning, FTC
methods have previously been applied to low-dimensional parameter systems [3], where
determinant-based conditions were used to overcome matrix inversion. However, in adaptive
compensation of multisinusoidal disturbances, the parameter vector is high-dimensional. In this
case, determinant-based criteria become ill-conditioned and may suffer from numerical underflow.
Therefore, the second contribution of this work is the development of an FTC algorithm based on
QR-decomposition, which ensures numerically reliable matrix inversion in high-dimensional
settings.

Conclusions. This work provides a solution to the problem of finite-time tuning for the
adaptive output-feedback compensation of multisinusoidal disturbances in LTI plants with
unknown parameters. The proposed algorithm is analytically investigated, and the closed-loop
system is validated through numerical simulations. Future research will focus on robust control
extensions and sensitivity analysis with respect to measurement noise.
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