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Abstract

This paper presents a robustness analysis of three state estimation methods for sensorless control
of permanent magnet synchronous motors (PMSM): a conventional back electromotive force (BEMF)
observer, a gradient-based adaptive flux observer, and a nonlinear observer based on Dynamic Regressor
Extension and Mixing (DREM). Their theoretical foundations and convergence properties are analyzed.
Simulation and experimental tests under measurement noise, parameter perturbations, and load
disturbances evaluate steady-state error, dynamic response, and robustness. Results show that the
conventional observer is parameter-sensitive, the adaptive observer achieves asymptotic convergence,
while the DREM-based observer provides faster convergence.
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AHHOTAIUA

B crareke mpencTaBiieH aHaNMM3 POOACTHOCTH TPEX METOMOB OICHKH COCTOSHUS JUISS CHCTEM
0C3IaTYNKOBOTO YIIPABJICHUS CHHXPOHHBIMH JIBHTATCIIIMH C TOCTOSHHBIMH Marautamu (CIIIM):
TPaJAUIIMOHHOTO HAOrOaTeNs Ha OCHOBE MPOTHBO-/1C, afanTHBHOTO HAOIIONATENs TOTOKOCIETUICHUS
HA OCHOBE TPAJAMCHTHOIO METOJa W HEITMHEWHOro HaONroarens, OCHOBAaHHOTO Ha METOJE
MTUHAMAYECKOTO paciupeHus W cMmemmBanus perpeccopa (DREM). Ilpoananm3upoBaHBl HX
TEOpPETHUYECKHE OCHOBBI M CBOWCTBA CXOAMMOCTH. 110 pesynsraraMm MOAETUPOBAHUS M IKCTIEPUMEHTOB
¢ y4€TOM INIYMOB HM3MEPEHHS, MapaMeTPUUSCKUX BO3MYIICHHA W W3MEHEHWI HArpy3KH OIICHEHBI
yCTaHOBHBIIASACS OIMMUOKA, THWHAMUYECKHH OTKIMK M pobacTHOCTh. [lokazaHO, YTO TpaJUIMOHHBINR
HaOIIOaTeIb  YyBCTBUTEJICH K IIapamMeTpaM, aJalTHBHBIH 00ECIeYMBA€T ACHMIITOTHYECKYIO
CXOJMMOCTB, TOT/Ia Kak Habnronarens Ha ocHoBe DREM nemoHcTpupyeT Oosiee OBICTPYIO CXOJUMOCTb.
KuroueBbie ciioBa

CHHXpOHHBIﬁ ABUTaTCjib C INOCTOAHHBIMH MarHuTaMH, 663I[aT‘II/IKOBOG YHOpaBJICHUC II0JIOXKCHHUEM,
HaOJoaTe b Ha ocHOBe MpotuBo-OJIC, amanTUBHBIN HaOIHOMaTE b, HaOMIOAaTeb Ha ocHOBe DREM,
aHanu3 poOaCTHOCTH, MapaMeTprUIecKas HEONpeIeIEHHOCTh

In the sensorless control system of permanent magnet synchronous motors (PMSM), the
performance of the flux and rotor position observers directly determines the dynamic response
and steady-state accuracy of the system. This study conducts a comparative analysis of three
representative observers: the traditional observer based on the back electromotive force (BEMF)
model[1], the flux observer based on gradient descent/adaptive structure[2], and the nonlinear
robust observer based on the dynamic regulator extension and mixture (DREM) with finite-
time convergence[3].



Firstly, this study analyzes the theoretical framework and convergence characteristics of
these observers. The traditional observer-based observer is highly dependent on machine
parameters and is prone to be affected by noise in low-speed and weak BEMF conditions. The
adaptive observer partially alleviates the parameter sensitivity issue, but its convergence speed
highly depends on the excitation conditions. In contrast, the observer based on DREM
decouples the flux and parameter estimates by constructing an extended regulator model,
thereby achieving finite-time convergence under interval excitation (IE) conditions. Through
simulation and experimental platforms (including current measurement noise, stator
resistance/inductance perturbations, and load torque disturbances), these observers are
systematically evaluated in terms of steady-state error, dynamic response time, anti-noise ability,
and parameter robustness. The results show that although the traditional observer has significant
steady-state deviations when the parameters are mismatched, the adaptive observer can only
achieve asymptotic convergence. However, the observer based on DREM outperforms in terms
of convergence speed to parameter uncertainties and external disturbances. Simulation and
experimental studies, including current measurement noise, stator resistance and inductance
perturbations, and load torque disturbances, are conducted to evaluate steady-state error,
dynamic response speed, noise immunity, and robustness to parameter uncertainties [4]. The
results demonstrate that DREM-based observers exhibit superior convergence performance
compared to conventional and adaptive methods. This study provides a basis for the selection
of observers in high-performance sensorless permanent magnet synchronous motor control
systems.
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