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ABSTRACT 

 
In this paper, the initial pole-position estimation of a surface (non-salient) permanent magnet synchronous motor is 

mathematically analyzed and surveyed on the basis of simulation analysis, and developed for accurate servo motor drive. 
This algorithm is well carried out under the full closed-loop position control without any pole sensors and is completely 
insensitive to any motor parameters. This estimation is based on the principle that the initial pole-position is simply 
calculated by the reverse trigonometric function using the two feedback currents in the full closed-loop position control. 
The proposed algorithm consists of the predefined reference position profile, the information of feedback currents, speed, 
and relative position, and the reverse trigonometric function for the initial-pole position estimation. Comparing with the 
existing researches, the mathematical analysis is introduced to get a more accurate initial pole-position of the surface 
permanent magnet motor under the closed-loop position control. It is found that the proposed algorithm can be easily 
applied in servo drive applications because it satisfies the following user’s specifications; accuracy and moving distance.  
 
Keywords: Surface permanent magnet synchronous motor, Initial pole-position estimation, Sensorless control, Servo  
           drive  
 
 

1. Introduction 
 

The permanent magnet synchronous motor (PMSM) has 
been widely applied to the industrial-servo drive fields 

such as machine tools and semiconductor manufacturing 
[1-8]. With the well-defined appropriate control strategies, it 
can provide significant energy savings and high 
performance. However, it requires the precise initial 
pole-position information (typically obtained by a pole 
sensor) for a smooth start-up and a precise servo-motion 
control.  

It may be prohibited to install a pole sensor on the 
motor shaft due to compactness, low-cost requirements, 
and mechanical mis-installation which often yields the 
initial pole position (IPP) error. Depending on the type of 
SPMSM, some servo motor drives would require the 
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