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A simple method for detecting very small changes in capacitance or inductance is presented.
In the circuit used in the proposed method, which employs LC resonance, the phase of the output
signal sharply and monotonically changes by about 180. around the resonance frequency. When the
capacitance or inductance changes slightly, the resonance frequency shifts accordingly. This
change can be sensitively detected as a phase shift of the output signal by applying a fixed
frequency signal to the circuit near the resonance frequency. The circuit used for detection is
entirely composed of general—purpose electronic components and does not use special function
devices. This method can be applied in various practical contexts, for example, object detection,
proximity sensing, monitoring material properties, and electric capacitance tomography
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In recent years, piezoelectric materials have been widely investigated for harvesting energy
from ambient vibrations. A vibrating piezoelectric device (PD) generates alternating current
(AC), which needs to be converted into direct current (DC) for powering electronic devices or
for storage. A traditional full-wave bridge rectifier (FBR) interface circuit serves this
purpose, but it suffers from high power loss due to the presence of high forward voltage across
the diodes. In this paper, an improved H-Bridge rectifier circuit is proposed as the AC-DC
rectifier circuit to reduce power loss for high frequency and low amplitude application. The
performance of the proposed rectifier circuit was experimentally studied, analyzed and discussed
Two different testing scenarios for high frequency, namely, varying input power with fixed
excitation frequency and varying excitation frequency with fixed input voltage were considered
Applicability of the circuit at low frequency range was also investigated. The outcome shows
that the proposed circuit notably increases the voltage and the power produced from the PD when
compared to traditional FBR circuits
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A simple method for three—dimensional proximity sensing with an electronic circuit composed

of only general—-purpose electronic components is presented. Three detection electrodes are

triangularly arranged at regular intervals. Changes in the stray capacitance of each electrode

due to the proximity of an object are observed. This method to detect a slight change in

capacitance takes advantage of the fact that the transfer characteristics of a circuit comprising

three reactance elements has the property of sharp phase changes near the resonance frequency.

The position of an object is estimated from the balance of the signals of three channels, and

its distance is determined from their magnitude. This method enables the three—dimensional

proximity detection of an object. Especially, this method can be used to electronically recognize

the gestures of a human hand with low—cost circuitry.
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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
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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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The optimal memoryless regulator is a class of linear quadratic regulators of systems with
time—delay in the states. It is constructed via a memoryless feedback, whose gain matrix is
calculated with a solution of some finite dimensional Riccati equation. In this paper, a method
to construct an observer is considered. It is based on the optimal memoryless regulator technique.
The observer gain is obtained from a solution of a finite dimensional Riccati equation, which
has a weighting parameter that tends to infinity. It is shown that the loop transfer function
of the overall system of the optimal memoryless regulator and the proposed observer
asymptotically approaches to that of the regulator based on the state feedback, so that the
robustness which the linear quadratic regulator based on the state feedback has, of the overall
system is recovered. A numerical design example is given to illustrate how the loop transfer

function is recovered asymptotically.
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