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In this dissertation, my doctoral research of intelligent self-tuning PID controller using
Enhanced Particle Swarm Optimization (EPSO) for ulirasonic motor (USM) is presented. In
order to get a satisfactory performance of USM servo system, a new control method based on
intelligence soft computation cailed EPSO has been proposed and verified in this research.

The object of the research is USM. USM is new type motor that is driven by ultrasonic
vibration of piezoelectric materials. USM was produced commercially at the first time by
Sashida in 1980. USM has excellent features such as compactness, lightweight, high torque,
high position accuracy, Electromagnetic Compatibility (EMC) compliance, silence, self-brake
without power and quick response. In recent years, USM can be applied in many applications
such as for auto-focus of camera, micro-robot, meal robot assistance, finger robot, MRI
(Magnetic Resonance Imaging) and micro-surgical robot. _

Although, USM has excellent features and offers great advantages, USM has problems.
Because of no accurate mathematical model and characteristic changes during operation, the
control of USM is not easy. Deriving a mathematical model of USM using physical analysis is
too hard because of its strong nonlinearity, uncertainty, and complexity in working principle.
Moreover, due to temperature, loading, input frequency and other disturbances, the
characteristics of USM are easily changed during operation. How to control USM is the focus
of our research. To overcome those problems, we proposed a new control method for USM
called intelligent PID controller using Enhanced Particle Swarm Optimization (EPSO). We
decided to use PID controller because of no accurate model of USM. Moreaver, PID controller
has superior features, such as simple, efficient, effective and robust. Then, to compensate the
characteristic changes of USM and difficulties of tuning process, self-tuning scheme was used.
Due to self-tuning scheme, the PID gain can be adjusted automatically and easily according to
USM’ s behavior. Recently, self-tuning scheme using intelligence soft computation called
intelligent self-tuning is developed to avoid the difficulty and complexity in' conventional
self-tuning scheme. PSO is one of the intelligent self-tuning that has supetior features such as
simple algorithm, faster convergence and efficient in time-calculation. EPSO is a new
development of PSO to overcome the shortcoming of PSO, namely premature convergence and
casy to get stuck or fall into local optima. The shortcoming of PSO may lead to a poor
performance, especially in loaded condition.




PSO is a population-based optimization technique inspired by behavior of birds flocking
or fish schooling for finding a food. It was reported that the causes of the shortcoming of PSO
are unbalance between exploration-exploitation ability, lost-diversity and lack-information due to
fast rate flow in sharing information. There are three parameters in PSO, i.e., inertia weight,

cognitive coefficient and social coefficient. Among them, the most important parameter is
inertia weight because of its capability in control the balance between exploration-exploitation

abilities.

We proposed and nvestigated two types of EPSO, i.e., new inertia weight approach PSO
(e.g., PSO with nonlinearly decreased inertia weight or PSO-NDW and PSO with random inertia
weight or PSO-RIW) and adaptive inertia weight approach PSO (e.g., adaptive PSO or APSO,
adaptive PSO with random inertia weight or APSO-RIW and hybrid adaptive improved PSO or
HAIPSO). PSO-NDW is proposed to control the usage period of exploration-exploitation
abilities. In here, inertia weight is decreased nonlinearly from maximum value to minimum
value. PSO-RIW is proposed to overcome the lack ability in PSO-NDW and PSO-LDW (PSO
with linearly decreased inertia weight). In here, inertia weight is randomized from minimum
value to maximum value. APSO is proposed to accelerate in obtaining a proper balance
between exploration-exploitation abilities. In here, inertia weight is adjusted according to the
swarm condition, i.e., fitness value of Pbest (best known position of particle} and gbest (best
known position among all particles). APSO-RIW is proposed to combine the benefit of APSO
and PSO-RIW. The benefit of APSO is faster in obtaining a proper balance. The benefit of
PSO-RIW is high searching ability. In here, inertia weight is adjusted according to the swarm
condition and then randomized. HAIPSO is proposed to overcome the causes of shortcoming
simultaneously by using combination of three strategies. The first strategy called adaptive
inertia weight is to accelerate in obtaining a proper balance. The second strategy called
additional part is to create a new particle’ s movement and to compensate the lack-information
and fast rate flow in sharing information. In the second strategy, a new additional part called
socio-cognitive part for connecting directly between gbest and pbest is inserted into PSO
‘algorithm. The third strategy called mutation operator is to keep the diversity of swarm and to
avoid premature convergence.

To evaluate the effectiveness of the proposed control method, we tested it and compare
with the previous control methods by using histogram, average error, success-rate (SR) and
convergence speed.  The experimental results showed that the proposed control method has a
best performance in both unloaded and loaded condition. The proposed EPSO has shown faster
convergence speed and higher SR. It means the proposed EPSO can reduce effectively the risk
of premature convergence and fall into local optima. The proposed EPSO has proved an
effective strategy for improving PSO. Due to EPSO-based PID controller, the accuracy of
USM servo system can be increased significantly. The contents of the research are organized
into five chapters summarized as the following. :

Chapter 1 is the introduction of this research. In this chapter, the background of the research,
related works, the motivation, the problem statement and target are introduced.

In Chapter 2, USM and PSO-based PID controller are provided. The basic principle of USM,
PID controller, PSO algorithm, and the configuration of PSO-based PID controller for USM are
explained.

In Chapter 3, new inertia weight approach PSO (PSO-NDW and PSO-RIW) is explained.
Then, the effectiveness of PSO-NDW based PID and PSO-RIW based PID are investigated
experimentally. :

In Chapter 4, adaptive inertia weight. approach PSO (APSO, APSO-RIW and HAIPSO) is
explained. Then, the effectiveness of APSO based PID, APSO-RIW based PID and HAIPSO
based PID are investigated experimentally.

Finally, in Chapter 5, the discussion and conclusion are summarized.
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