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ABSTRACT 
 

This paper describes the ultra precise position estimation of a servomotor using a sinusoidal encoder based on Arcsine 
Interpolation Method for the cost reduction of circuit design. The amplitude and offset errors of the sinusoidal encoder 
output signals, from the encoder itself and analog signal processing procedures, are effectively compensated and on-line 
tuned by utilizing a low cost programmable differential amplifier without any special expensive equipment. For a 
theoretical evaluation of the practical resolution of this system, the relationship between the amplitude of ADC(Analog to 
Digital Converter) input signal errors and the anticipated resolution is also addressed. The performance of the proposed 
method is verified by comparing it with speed control characteristics of the servomotor driving system using a digital 
incremental 50,000ppr encoder in the experiments. 
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1. Introduction 

 

In order to achieve highly accurate servomotor control, 
it is essential to secure accurate position feedback in the 
related system, and this is considered to be one of the most 
important criterions to guarantee reliance of the system[1-3]. 
However, the price of a digital incremental encoder 
overwhelmingly increases according to its resolution, and 
it has the problem of bandwidth limitation. Although 
servomotor control using sinusoidal encoder has been 
researched for these reasons, there are few precedents to 
apply for the servomotor control system. 

For the total cost reduction of highly accurate 

servomotor position or speed estimating system, this paper 
describes servomotor control using a sinusoidal encoder 
based on Arcsine Interpolation Method, which is 
optimized to the cost reduction of signal processing 
circuits. The performance of the proposed method is 
verified by the experiments. The test results show that, 
with a much cheaper sinusoidal encoder, the proposed 
method shows better performance than 50,000ppr digital 
incremental encoder in adjustable speed control 
characteristics. 
 

2. Signal Processing Principles of Analog 
Quadrature Signals[1] 
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Analog rotor position is determined by output signals of 
a sinusoidal encoder, while digital rotor position can be 
acquired by counting comparator output signals of them. 
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Fig. 6  Experimental M-G set 

 
Fig. 7 shows the output signals of differential amplifiers 
and  still affected by inverter switching noise. In 

this experiment, the current sampling time is 100[us]. 
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Fig. 7  Analog output signals of a sinusoidal encoder 
 
Fig. 8 shows almost completely amplitude and offset 

tuned incremental signals. In addition, the noise effect is 
completely eliminated by designed analog filter circuit. 
The full scale input range of ADC is set up to guarantee 
the maximum resolution over analog signal conditions.  

 

 

Fig. 8  Tuned analog signals of a sinusoidal encoder 

Fig. 9 shows the outputs of ADC and analog rotor 
position θ  sampled and calculated at intervals of the 
current sampling time when the motor speed is 100[rpm] 
and direction is clockwise. This analog rotor position θ  
is used for the position error compensation between digital 
incremental pulses. 
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Fig. 9  output signals of ADC and analog rotor position θ  

 
Fig. 10 shows comparator output signals called ‘digital 

rotor position’ when the motor speed is 100[rpm]. These 
signals are transferred from the sinusoidal encoder board 
to FPGA in the main control board throughout the parallel 
port. Digital rotor position detection and zero-crossing is 
performed logistically in FPGA. 

 

 

Fig. 10  comparator output signals 
 

Fig. 11 shows electrical angles acquired by the 
50,000ppr encoder and a sinusoidal encoder when the 
motor speed is 100[rpm] and the direction is clockwise. 
Fig 12 shows electrical angles acquired by the 50,000ppr 
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