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Improvement of Initial Rotor Position Detection for
Permanent-Magnet Synchronous Motor Using Magnetic Position
Sensor
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Abstract This paper proposes a method of using a magnetic position sensor to detect accurately the
rotor position required to perform vector control of a permanent-magnet synchronous motor,
particularly the initial rotor position at startup. In the existing vector control systems, the initial rotor
position was determined using the output signals of the Hall sensors, or the control was performed in
a sensorless method without using such a sensor. On the other hand, the accuracy is degraded due to
the occurrence of a position detection error, and the practicality was not satisfactory. This paper
attempts to detect the initial rotor position using a magnetic position sensor to solve this problem. This
method is used to solve the deteriorating starting characteristics of the motor in the vector control
system. In addition, to lower the price of a low-power vector control inverter, this paper proposes a
method of integrating the existing sensors and reducing the price to less than half using a magnetic

position sensor for speed and position detection.
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Fig. 1. Detection of initial rotor position at starting
using Hall sensor signals(electrical angle)

Table 1. Detection of initial rotor position at forward/
reverse starting using Hall sensor signals

Forward Starting Reverse Starting
Section = =

Range 0, Range 0,
(1) 180° ~ 240° 210° 0° ~ 60° 30°
2 240° ~ 300° 270° 60° ~ 120° 90°
(3) 300° ~ 360° 330° 120° ~ 180° 150°
4) 360° ~ 420° 390° 180° ~ 240° 210°
©) 4200 ~ 480° 450° 240° ~ 300° 270°
(6) 480° ~ 540° 510° 300° ~ 360° 330°
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Fig. 2. Operation of internal Hall sensors in AS5047U
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Fig. 3. Rotor angle detection according to the
position of cylindrical permanent magnet
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Table 2. Comparison of AS5047U and PMSM built-in
sensor

AS5047U PMSM Sensor
Output Signal UVW, ABZ, PWM UVW, ABZ
Resolution 25 ~ 4,096[ppr] 2,500[ppr]
Maximum Speed 28,000[rpm] 6,000[rpm]
Position Detection O X
Function Setting SPI Interface X
Supply Voltage 3.3[V] or 5[V] 5[v]
Temperature Range -40 ~ +150[°C] -10 ~ +85[°C]
Unit Price 15,000 50,000
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Fig. 4. Structure of magnetic encoder using AS5047U
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Fig. 5. Experimental results when the actual initial
position of the rotor is behind the estimated
position
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