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Expansion of detectable area by floating electrodes in capacitive three-dimensional
proximity sensor
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In the capacitive proximity sensing method, arranging multiple sensing electrodes makes it
possible to obtain the three—dimensional position of a nearby object. The author has developed
a capacitive proximity sensing method using LC resonance in three reactance elements. In this
method, the detectable area can be greatly extended by the floating electrodes, which are
capacitively connected to the sensing electrode. By connecting multiple floating electrodes in
series, the detectable range can be extended up to the length of the array of floating electrodes.
When these electrodes are arranged on a frame, the region surrounded by the frame becomes the
detectable area. By applying this frame on any surface, it is possible to make the surface
within the opening of the frame a non—contact operating panel, which can be applied as a gesture
input device.
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In this paper, a single—stage rectifier—less boost converter circuit (SSRBC) for piezoelectric
energy harvesting from ambient vibration was proposed. The proposed rectifier—less circuit acted
as a boost converter to extract energy from a piezoelectric device (PD). It combined the
conventional boost, buck—-boost methods using two split inductors and single filter capacitor.
The proposed integrated circuit topology functioned in both positive and negative half cycles
generated by the PD. In the proposed topology, inductors were invigorated by being enveloped
with the current, which was produced by the PD through the switches. This facilitated active
rectification of ultra—low AC (amplitude < 0.5 VP). Theoretical analysis, control strategies,
simulation and experimental study, were presented. The proposed circuit was capable of converting
a low amplitude AC voltage of 0.5 VP into 5.1 Vde. The highest output power extracted by the
proposed circuit was 281.1 pW, which outperformed existing circuits. It could potentially
facilitate the advancement of vibration—based energy harvesting system for low power demand
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applications such as sensors, quartz watches and portable charging devices

MO #hE
Design and Application of a Self-Powered Dual-Stage Circuit for Piezoelectric Energy
Harvesting Systems
Mahesh Edla*1; Yee Yan Limkl; Ricardo Vasquez Padilla*l; Deguchi Mikio*2
%] School of Environment, Science and Engineering, Southern Cross University, *2 @FrjEit T 3m%

e v il MR o
IEEE Access (Volume: 9), ppS6954 — 86965, (2021.6)

This paper describes the design and practical application of a dual-stage H-Bridge (DSHBR)
circuit to reduce the rectification losses and mitigate ripples in piezoelectric energy
harvesting. The proposed DSHBR circuit integrates both AC-DC and DC-DC conversion processes
using bidirectional switches and a step—up DC-DC converter, which applies to both positive and
negative half cycles. One additional feature is that it does not require external power to turn
on the bidirectional switches (V th <; 0.3 V). Such feature facilitates active rectification at
very low AC voltages (V ac <; 0.5) generated by the piezoelectric device (PD). To validate the
performance of the proposed circuit, a series of experimental tests were conducted. Firstly,
the performance of circuit on rectifying the PD output was investigated using a shaker to
generate high and low frequency excitations. Next, real-life testing was conducted with human
arm motion as the source of excitation. Then, the ability of the entire system to charge solar
batteries was investigated. The outcome shows that the DSHBR circuit prominently increased the
rectified voltage and the output power while stabilising the DC voltage when compared with the
conventional H-Bridge circuit
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This paper describes an improved non-linear switching circuit (INLSC) for active rectification
of voltage and reduction of ripples in the voltage waveform for the piezoelectric energy
harvesting (PEH) system. The proposed converter controls the alternating current (AC) generated
by the piezoelectric device (PD) under mechanical vibration. The proposed circuit combines the
boost and buck-boost processes through a switching process, which functions in both positive
and negative cycles. In addition, it controls the voltage and frequency of the load capacitor.
In this process, the passive components in the circuit are energised by being short with the AC
voltage using switching signals, which facilitates the active rectification of ultra—low AC
voltage. Design considerations, theoretical analysis, simulations and experimental results are
presented. It was shown that the circuit was able to control the switching signal and to convert
low AC voltage (0.44 Vi) to high direct current (DC) voltage (6.5 Vdc) while achieving an output
power of 469 W which outperforms the existing similar circuits and synchronous rectifier
circuit. The ripples in the rectified voltage were also comparatively less. Application—wise
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the proposed circuit could power a manually connected 7-segments display, commonly used for
traffic applications.
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Harvesting energy from human motion for powering small scale electronic devices is attracting
research interest in recent years. A piezoelectric device (PD) is capable of harvesting energy
from mechanical motions, in the form of alternating current (AC) voltage. The AC voltage
generated is of low frequency and is often unstable due to the nature of human motion, which
renders it unsuitable for charging storage device. Thus, an electronic circuit such as a full
bridge rectifier (FBR) is required for direct current (DC) conversion. However, due to forward
voltage loss across the diodes, the rectified voltage and output power are low and unstable.
In addition, the suitability of existing rectifier circuits in converting AC voltage generated
by PD as a result of low frequency human motion induced non—-sinusoidal vibration is unknown.
In this paper, an improved H-Bridge rectifier circuit is proposed to increase and to stabilize
the output voltage. To study the effectiveness of the proposed circuit for human motion
application, a series of experimental tests were conducted. Firstly, the performance of the
H-Bridge rectifier circuit was studied using a PD attached to a cantilever beam subject to
low frequency excitations using a mechanical shaker. Real-life testing was then conducted
with the source of excitation changed to a human performing continuous cycling and walking
motions at a different speed. Results show that the H-Bridge circuit prominently increases
the rectified voltage and output power, while stabilizes the voltage when compared to the
conventional FBR circuit. This study shows that the proposed circuit is potentially suitable
for PEH from human motion.
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In this paper, we propose an interactive visualization method for motor design. In the proposed
design system, the user can immediately observe the analysis result of the design change.
Furthermore, if the proposed system is executed in cooperation with the projector, designers
can change the design of the motor with their fingers and discuss it on the board. Furthermore,

since this system can be executed on a Web browser, it can also be executed on a smartphone or
tablet PC.
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We propose Interactive Motor Design System for educational end industrial use. There were two
problems. How to create a mesh and view the results quickly. We took a lattice mesh in polar
coordinate and the way to visualize at certain interval despite of calculation speed. In the
proposed design system, the user can immediately observe the analysis result of the design
change. Furthermore, if the proposed system is executed in cooperation with the projector,
designers can change the design of the motor with their fingers and discuss it on the whiteboard
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Capacitive proximity sensing method using LC resonance in the circuit containing three
reactance elements has been developed, which can detect slight change in stray capacitance of
the sensing electrode. The electronic circuit in this method is composed only of general-purpose
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electronic components. Arranging multiple sensing electrodes on a frame, it is possible to
estimate the three—dimensional position of an object existing in the region surrounded by the
frame. Attaching this frame on a panel surface, any operation panel can be made non—contact

operatable.
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Manufacturing education in collaboration with medical institutions is very important and
useful. National Institute of Technology, Niihama College (NIT, Niihama College) is offers a
two—year systematic curriculum as the “Special Course for Assistive Technology Engineer
Development (AT course)”. This is the process of learning the basic knowledge of Medical welfare
engineering, and manufacturing based on the needs of clinical field. In the AT course, problems
in clinical environment are given as themes, and students take the initiative in working toward
solving the issues while receiving advice on fluids, controls, sensors, programming, etc. from
teaching staffs. However, it is difficult to imagine the problems in clinical environment, and
multifaceted viewpoints, ideas, and knowledge are required to solve the problems. Also, in
clinical environment, it doesn’ t matter who made it. Furthermore, in order to create products
that can be used in clinical environment, it is necessary to have “technology” and “strategy”
that enable high—quality manufacturing as well as the functions required by users. It is not
possible to nurture engineers who can make practical things only by school education, and social
implementation education in collaboration with the local community is necessary. Therefore, as
the AT course, we built an education system in collaboration with medical institutions. In
addition, this system is designed to nurture engineers who can “manufacture with care” and to
create an environment where they can learn manufacturing from various perspectives. This report
provides an overview of the AT course and examples of actual efforts. Also summarize student
efforts and feedback from clinical institutions, consider changes in student awareness before
and after taking the course, and describe the benefits of collaborating with medical
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institutions. As an example of our efforts, we will introduce a proposal for an efficient
ventilation method in a rehabilitation room using CFD (Computational Fluid Dynamics).
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