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Thesis Summary

Nowadays, many applications that require control of the position and velocity of motors are
becoming increasingly popular. This control is achieved by using mechanical sensors coupled to the
motor such as encoders, potentiometers, tachometers, and Hall sensors. However, mechanical
sensors have some disadvantages; for instance, increased maintenance, connections, failure rate,
size of the systems, and cost of the systems. Therefore, sensorless techniques that estimate the
velocity and position of motors without any mechanical sensors are required.

The purpose of this research is to realize accurate angle estimation and motion control in a
system using only low-resolution sensors and a sensorless system for the future development of the
robot industry.

Chapter 1 presented the background and previous studies related to this dissertation. In addition,
the purpose and outline of the proposal in this research were described in this chapter.

Chapter 2 described the motion control based on robust acceleration control. As a method to
realize robust control, disturbance observer (DOB) was explained. Then, reaction torque observer,
which estimates the environmental reaction torque, was explained, and the angle control and torque
control based on acceleration control were introduced. In addition, as a space restricted application,
the motion control of two-link manipulator equipped with biarticular muscle mechanism, which is
considered to be utilized for humanoids, was outlined.

Chapter 3 presented an algorithm to achieve precise angle estimation using digital Hall sensors
and counter EMF observer for a brushless DC motor. This method uses Hall sensors for accurate
and periodic detection of the angle. In addition, interpolation between the detected angles is
performed using the counter EMF information. By using the proposed method, accurate angle
information can be obtained, and a high-performance operation can be achieved. The effectiveness
of the proposed approach was verified through simulations and experiments.

Chapter 4 described the sensorless angle estimation method for the brushed DC motor. In order
to estimate the angle of the rotor without any mechanical sensors, the proposed method uses
impedance variation by contact switching. The impedance is measured by using high-frequency
signal injection and discrete Fourier transform. This method can be used to estimate the angle of the
rotor directly. Therefore, it is possible to estimate the angle accurately at low speeds. The validity of
the proposed method was verified through experiments.

Chapter 5 summarized and concluded this dissertation.




