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Abstract

In this work, a new method for the direct compensation of unknown external disturbances in a class of
unstable multivariable linear systems is proposed, where both the reference signal and the external
disturbances are unknown and have a harmonic form, and are therefore considered as unknown
disturbances acting on the control system. The proposed method begins with the design of a linear
decoupling controller based on state feedback to eliminate undesirable cross-couplings between inputs
and outputs. Next, special observers are constructed. Finally, the control law and the adaptive algorithm
are designed using the estimated states from these observers, ensuring that the system output accurately
tracks the reference signal. In this paper, an adaptive algorithm with memory regressor extension is
applied to improve the quality of parameter convergence. The proposed method enables the design of
independent adaptive control laws for each control channel, thereby making the adaptive algorithm
easier to tune and reducing its computational complexity, while eliminating interactions between control
channels.
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AHHOTAIUA

B panHO#l pabore mpemmaraeTcsi HOBBIM METON TPSMOW KOMIIEHCAIlMM HEW3BECTHBIX BHEITHHX
BOBMYIIICHUH I KJIacca HEYCTOWYMBHIX MHOTOKAHAIBHBIX JIMHEHHBIX CHCTEM, B KOTOPBIX Kak
3TAFOIIMK CUTHAJ, TAaK M BHEITHIE BO3MYIIECHUS SIBIISTFOTCSI HEU3BECTHRIMHI M UMEIOT TApMOHUYIECKYIO
(opMy, BCIIECTBHE HYEr0 PACCMATPHUBAIOTCA KaK HEM3BECTHHIC BO3MYIICHUS, BO3JCHCTBYIOIIUE Ha
cucrteMy ympaBieHus. lIpemimaraeMbrii MeTOm HAYMHAETCS ¢ CHHTE3a JIMHEWHOTO Pa3BSI3BIBAIOIIETO
peryisiTopa Ha OCHOBE 0OpaTHOM CBSI3U 110 COCTOSTHHIO JUISl yCTPAHSHHS HEXKeIaTeIbHBIX TIEPEeKPECTHBIX
CBs3el MEXIy BXodaMH U BbIxomamu. Jlamee crTposTcs crenuanbHble HaOmomarenw. Ha
3aKJTFOYUTEIILHOM dTare (OPMUPYIOTCS 3aKOH YIPABICHUS U aIallTUBHBIN aJTOPUTM C UCTIOIH30BaHUEM
OIICHEHHBIX COCTOSHHM, MOJYYCHHBIX OT ATHX HaOJIomaresicd, 4To 00ecreunBacT TOYHOE CIICIKEHHUE
BBIXOJIHOM TEpEMEHHON CHCTEMBI 3a 3aJlalONIMM CHUTHAloM. B pa0oTe mpuMeHseTcs aJanTHBHBIN
aJITOPUTM C PACHIMPEHUEM PErpeccopa MaMsITH AJsl MOBBIIICHUS KauyeCTBa CXOJUMOCTH MapaMeTpoB.
IIpenioskeHHBII METO MTO3BOJISIET CHHTE3UPOBATh HE3aBUCHMEBIE aTalITUBHBIE 3aKOHBI YIIPABICHUS IS
KOKJIOTO KaHaja YyTpaBlIeHUS, YTO YIPOMIAET HACTPOWKY aJalTHBHOTO aJITOpUTMA, CHIKAET €ro
BBIYHUCIIUTEIBHYIO CIIOKHOCTh U YCTPAHSET B3aUMOJICHCTBUE MEXKIY KaHATaMU YIIPaBICHUSL.

KuaroueBnle cj1oBa



aTanTHBHOE VIIPaBICHHWE, TapMOHWYCCKHE BO3MYIICHHS, KOMIICHCAITUS BO3MYIICHUH, pa3BsA3Ka
kaHajioB, meron Pann0a-Bonosruya, MHOTOKaHaJbHAs CHCTEMA.

Introduction. A highly effective disturbance compensation method is based on the
internal model principle, in which the disturbance is treated as the output of a linear autonomous
system. The problem of adaptive disturbance compensation based on the internal model
principle has been extensively studied, particularly in cases where the disturbance is modeled
as the output of an exosystem with unknown parameters (see Section 1.4 in [1]). This paper
presents a new approach to the disturbance compensation problem, based on the results on
adaptive output regulation (see Section 4.2.3 in [1]). As in the approach presented in [1], a
single adaptive controller is designed for the entire system; therefore, only one adaptation gain
is available to adjust the overall convergence rate of all control channels. Therefore, this paper
proposes to further develop the direct disturbance compensation method [1] by designing
independent adaptive controllers for each control channel when applying the adaptive algorithm
with memory regressor extension. This approach simplifies the tuning of the adaptive
algorithm, reduces its computational complexity, and eliminates the adverse effects arising from
interactions between control channels.

Main Part. In this work, we propose a new method for the direct compensation of
unknown external disturbances in a class of unstable linear MIMO systems, where both the
reference signal and external disturbances analyzed in this study are unknown and take a
harmonic form, thus being considered as unknown disturbances influencing the control system.
The proposed method begins with the design of a linear decoupling controller based on state
feedback [2] to eliminate undesirable cross-couplings between inputs and outputs. Next,
special observers are constructed. Finally, the control law and adaptive algorithm are designed
using the estimated states from these observers, ensuring that the system output accurately
tracks the reference signal.

Conclusions. This paper presents the development of the adaptive disturbance
compensation method for linear multivariable systems subjected to unknown multi-harmonic
disturbances introduced in [1]. The application of a system decoupling strategy based on the
Falb—Wolovich approach [2] makes the adaptive law easier to tune while reducing the
computational complexity of the algorithm and eliminating interactions between control
channels. In future work, the proposed method will be extended to address the disturbance
compensation problem for systems with unmeasured states.
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