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Zero-crossing detection algorithm of Back-EMF based on morphological filtering

LIU Wenjie, FENG Ming

(School of Mechanical Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: In order to overcome the shortcomings of the traditional Back Electromotive Force ( BEMF) Detection
Algorithm, such as filtering delay and error of phase compensation, the morphological filtering is applied to two-
dimensional signal to design a digital filter with fixed delay, which makes the filtering delay not to change with the
speed and no additional sampling circuit is needed. At the same time, the digital phase-locked loop algorithm is
used to improve the delay algorithm of back EMF zero crossing. According to the above methods, a simulation
model is built and a controller of brushless DC motor is designed. The simulation and experimental results show that
this new BEMF detection algorithm can improve the rotor position detection accuracy of brushless DC motors
effectively, and make the control accuracy of speed fluctuations reach the level of one ten thousandth.
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Fig.1  Control system of brushless DC motor
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Fig.2  Detection circuit of back electromotive force



XIS, 45 ZETIR A IR S i s 3t TG Rk - 141 -

| i
| ll\ W TN VT V
N

NN

S I Y S S S 1 £ S B P
/ / VN
N (il
TN S v
= -y

B3 =ZtHinBEEREMPEREERE
Fig.3  Three-phase terminal voltage and virtual neutral voltage

waveforms

4 s\ 2P

- — — - T W———

Il.. L e e B o B e o e o e e R e s e R R
A &

U r ! 37

C

B4 ZHEERES
Fig.4 Zero-crossing of three-phase BEMF
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Fig.5 Morphological filtering post-processing algorithm
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Fig.7 Simulation results of filtering algorithm
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Fig.10  Simulation results of phase-locked loop model
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