> sy 3 AL
F24% HaW G R ¥ i Vol. 24 No. 4
2026 4F 4 A Journal of Power Supply Apr. 2026

DOI: 10.13234/j.issn.2095-2805.2026.4.313 PESES: TM341 XHERES: A

:.FE—/J\ i?ﬂlﬁ'ﬂl‘%i)u'ﬂll EI'\J/EE/M?,.,\

vl BRE rReRasR), TR, £ 1
(1.Mi#]r%%%j]ﬁ&/;\\él‘%ﬁﬂf%ﬁ%%, X3V 410007; 2.F @ KF A FR,
¥i¥ 410083; 3. % EALK &5 TRAFRAE, il 412000)

HE: AERTEMALGHREE, B TERFS TAYPARPET LS FHMARFRN TS 2R A,
Hmﬁmﬁﬁ%ﬂ 2o ik BAE R E AR AR T e, BB E RERBNOAER T BIEMT & %R
KAz hlhie, R, BEREEHNTEP, RoHRGEREREHBOEE R EZEHERE, AmkRy
iﬁﬁt’%@é%ﬁé’i%iﬁo Bk 1 fraeddik BT ik, KA ZRERMOM T ENASM B AL TR A
B, St T UHAIRIE ) 7 A2 LT IR ARILI 25 SR e AE It ARk, RAF R B ABR BRI E 2 6 %‘J&%éﬁ P,
St eI B AT AR R R AS R MR . RS R RISIE T AT E R AE I 7 i 0y B M Ae T AT

KR RERATEM,;, BERERE,; B B4, BN E, =k

Speed Estimation M ethod for Permanent Magnet Synchronous
Motor with Hall Sensors Based on L east SquaresAlgorithm
and Sliding Mode Observer
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Abstract: Permanent magnet synchronous motors (PMSMs) have been widely applied in the field of industrial
electric vehicles owing to their advantages of high power density, high reliability and easy maintenance. Compared with
the PMSM equipped with a high-precision encoder and a speed sensorless algorithm, the PMSM equipped with Hall
sensors can guarantee the system’s low cost, as well as its control performance. However, the output information about
the position and velocity from low-resolution Hall sensors is of low accuracy when using the vector control method,
resulting in motor current ripple and electromagnetic torque pulsation. Therefore, a fusion speed estimation method is
proposed, in which the least squares method independent of motor parameters is used to output a continuous smooth
angle, and a sliding mode observer based on the motor’s mechanical motion equation is designed to estimate the speed
in real time. The motor is started by square wave to solve the problem of missing discrete position, and the designed
observer is also proved by the Lyapunov stability method. Finally, experimental results verify the correctness and

feasibility of the proposed speed estimation method.
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