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Abstract

POLARIZATION BUILD-UP AND RELAXATION PHENOMENA IN CORONA POLED
FERROELECTRIC POLYMERS

A. E. Sergeeva, S. N. Fedosov, V. I. Soloshenko, A. F. Butenko, V. V. Valdman

Peculiarities of the polarization build-up and its relaxation in corona poled PVDF films

meant for manufacturing of pyro- and piezoelectric sensors have been revealed from the complex

experimental investigation of the polymer. It has been found that the polarization and the space

charge are interrelated forming a self-balanced system. Its stability depends mainly on charges

trapped in the volume. It has been shown that the charge trapping occurs in macroscopic zones

positioned at the borders of completely polarized parts of the volume. The trapped charges play

an important role in stability of the ferroelectric polarization, since they neutralize the depolariz-

ing field.

Key words: PVDF, polarization, space charge, corona poling
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Abstract

ABOUT THE METHOD OF DETERMINATION OF LAWS OF DISTRIBUTION OF CURRENTS
IN THE CONDUCTING NON–MAGNETIC SHEET, WHEN IT IS MOVING

IN THE CLEARANCE OF EDDY–CURRENT TRANSFORMER

V. B. Nersisyan

A method is proposed on the basis of net method of determining of currents in the conducting

non–magnetic sheet, when it is moving in the clearance of eddy–current sensor. The contour of

closure and laws of distribution of density of currents on the cut of sheet for transformer and

velocity components are defined.

Key words: conducting sheet, EMF of transformation, contour currents, the density of

currents, the currents of movement.
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PACS codes: 34.50Rk, 31.70Hq, 95.55Sh ;

 535.42.,539.184.

LASER PHOTOIONIZATION SENSOR TECHNOLOGY AND NEW
POSSIBLE PRINCIPAL SCHEME FOR γγγγγ -LASER ON QUICKLY

DECAYED NUCLEAR ISOMERS WITH ELECTRIC FIELD AND AUTO-
IONIZATION SORTING OF EXCITED ATOMS

S. V. Ambrosov

Odessa National Polytechnic University, P.O.Box 116, Odessa-9, 65009, Ukraine

Abstract

LASER PHOTOIONIZATION SENSOR TECHNOLOGY AND NEW POSSIBLE PRINCIPAL
SCHEME FOR γγγγγ -LASER ON QUICKLY DECAYED NUCLEAR ISOMERS WITH ELECTRIC

FIELD AND AUTO-IONIZATION SORTING OF EXCITED ATOMS

S. V. Ambrosov

Optimal schemes of the laser photo-ionization sensing technology for creation of new possible

principal scheme of γ -laser on quickly decayed nuclear isomers with autoionization or electric

field ionization sorting excited atoms are developed.

Key words: laser photo-ionization sensor technology, γ-laser on quickly decayed nuclear
isomers, optimal schemes
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Abstract

DETERMINATION OF POSITIONAL CHARACTERISTIC OF A COORDINATE
PHOTOTRANSDUCER UNDER THERMAL DRIFT CONDITIONS

P. A. Yaganov, A. V. Borysov

The paper is devoted to investigation of an optoelectronic transducer of micro-displacements,

fabricated by integrated technology of silicon structures with dielectric insulation (SSDI), under

temperature variation conditions. A new technique is suggested for identification of the position-

al characteristic and for determining the measured coordinate during temperature drifts. To do

this, we use the thermometric characteristics of a phototransducer, making it possible to set the

coordinate-sensitive element temperature. All this permits to identify the positional characteris-

tic at temperature drift and to improve the coordinate measurement accuracy. The method of

regressive analysis is applied for approximation of the positional characteristic.

Key words: optoelectronic transducer of micro-displacements, temperature drifts, positional

characteristic.
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SENSING NEW LASER-ELECTRON-NUCLEAR EFFECTS
IN DIATOMIC MOLECULES: H79Br

S. V. Malinovskaya

Odessa National Polytechnical University, P.O.Box 108, Odessa-9, 65009, Ukraine

E-mail: glushkov@paco.net

Abstract

SENSING THE NEW LASER-ELECTRON-NUCLEAR EFFECTS
IN DIATOMIC MOLECULES: H79Br

S. V. Malinovskaya

New theoretical scheme developed and used for sensing new laser-electron nuclear effects in

diatomics, which can be used for creation of the new type sensors for tasks of nuclear technolo-

gies. It is carried out calculating the vibration-rotation-nuclear transition probabilities in a case

of the emission and absorption spectrum of nucleus 79Br (Eγ
(0) = 217keV) linked with molecule

H79Br.

Key words: sensing laser-electron-nuclear effects and nuclear sensors, vibration-rotation-

nuclear transitions probability, molecule of HBr
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Annotation

THE GAS SENSORS BASED ON ZINC OXIDE
(THE REVIEW)

M. E. Bugayova, V. M. Koval, G. V. Lashkarev,
V. I. Lazorenko, V. A. Karpina, V. D. Khranovskyy

The wide range of gas sensor application, in particular, in a mining industry for detection of

outflow of gases, the control of gas emissions over an atmosphere at the industrial enterprises, in

housing and communal services, in home appliances makes actual the review. As the systema-

tized analysis of gas sensor based on ZnO has not being carried out — this work is of interest for

development of chemical sensors based on zinc compound with high sensitivity, selectivity and

stability. The resistive type of gas sensor based on thin-film ZnO which possesses a number of

advantages: high sensibilities, low cost, the small sizes, simple manufacturing techniques, pro-

vide definition practically all gases and vapors at low concentration is in detail considered. In

additional, the gas concentration to be analyzed directly transformes to an electric signal, that

considerably simplifies the circuit of measurement.

In present paper the table of the basic characteristics of existing thin-film ZnO gas sensors is

given, which evidently allows to estimate the characteristics of available gas sensor based on

oxide zinc film.

Key words: gas sensor, film ZnO, conductivity, sensitivity, work temperature, sensor of

resistive type, substrate, doping agent.
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WAVELET ANALYSIS AND SENSING THE TOTAL OZONE
CONTENT IN THE EARTH ATMOSPHERE:

MYCROS TECHNOLOGY “GEOMATH”

A. V. Glushkov, V. N. Khokhlov, A. A. Svinarenko,
Yu. Ya. Bunyakova, G. P. Prepelitsa

Institute of Applied mathematics, P.O.Box 108, Odessa-9, 65009, Ukraine

E-mail: glushkov@paco.net

Abstract

WAVELET ANALYSIS AND SENSING THE TOTAL OZONE CONTENT
IN THE EARTH ATMOSPHERE: MYCROS TECHNOLOGY “GEOMATH”

A. V. Glushkov, V. N. Khokhlov, A. A. Svinarenko,
Yu. Ya. Bunyakova, G. P. Prepelitsa

It is carried out the mycros computer data processing technology for sensing the total ozone

content in the Earth atmosphere, based on the using technical devices observation data and the

joint wavelet analysis PC programs complex “GeoMath”. As example of application, an influ-

ence of the Antarctic Oscillation on the total ozone content in the Southern Hemisphere is stuid-

ed by using the non-decimated wavelet transform. It is shown that the cycles of the Antarctic

Oscillation with periods of 5.5, 3-4, 2-3, and 1 year have greatest wavelet power. The positive

correlation dependence between the 5.5-year period of the Antarctic Oscillation Index and the

mid-latitude total ozone is disclosed.

Key words: mycros computer technology “GeoMath”, wavelet analysis , sensing the total

ozone content
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Annotation

AUTOMATIC  REGULATION OF OXYGEN CONCENTRATION IN THE AIR MIXTURE WITH
THE HELP OF THE SENSOR AND SEMI-FUEL ELEMENT

S. D. Korolenko, F. V. Makordey, L. D. Konovalenko, L. I. Korolenko

In work the automatic installation supporting in the closed volume set concentration of oxy-
gen in an air mix is described. Electrochemical characteristics of a sensor control metal-oxide,

and also a design and characteristics semi-fuel element by means of which absorption of oxygen

is carried out are resulted. The scheme of storehouse for fruit-and-vegetable production, and also
the block of automatics of the given system is presented.

Key words: Semi-fuel element, sensor, oxygen, regulation
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Summary

PERSPECTIVES FOR DEVELOPMENT OF PORTABLE BIOSENSORS
BASED ON SURFACE PLASMON RESONANCE

I. D. Voytovych, V. M. Korsunsky, A. N. Kosogor, M. F. Starodub, I. O. Javorskiy

Based on surface plasmon resonance (SPR), existing types of biosensors were analyzed. Port-

able SPR sensors suitable to be widely used in biology, medicine, agriculture, in field conditions

and so forth, were studied. There were offered two design solutions of portable SPR sensors —

with rectilineal and return optoelectronic channels. Elements and specifics of the sensors’ opera-

tions were studied. To extend further technical and operational capacities of the portable SPR

sensors it is proposed to use electronic techniques to receive and process two-dimensional infor-

mation flows.

Keywords: Surface Plasmon Resonance, SPR-sensor
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Abstract

INVESTIGATION OF SEMICONDUCTORS STRUCTURES FOR DEVELOPMENT OF pH-
SENSITIVE FIELD EFFECT TRANSISTORS

S. V. Patskovsky, . V. Frolov, . . Shul’ga, . P. Soldatkin, S. V. Dzyadevych

PH-sensitivity, stability and drift of semiconductors structures with various quality and type
of surface dielectric layer have been investigated. Their parameters for creation of pH-sensitive

field effect transistors were optimised. The best results were obtained for two-layer structure of

dielectric that consists of SiO
2
and Si

3
N

4
. These structures were proposed for development of pH-

sensitive field effect transistors. The best characteristics were shown by transducers created at

R&D Institute “Microdevice” (Kiev, Ukraine).

Keywords: pH-sensitive field effect transistors, biosensors, semiconductors structures,

dielectric.
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PIEZORESITIVE CHARACTERISTICS OF SILICON MICROCRYSTALS
AT CRYOGENIC TEMPERATURES

A. A. Druzhinin, I. I. Maryamova, O. P. Kutrakov, I. V. Pavlovskyy

To create strain sensors operating at cryogenic temperatures piezoresistive characteristics of

boron doped p-type Si whiskers, mounted on spring elements fabricated of steel, were studied at

fixed temperatures 4.2, 77 and 300 K. It was shown that the effect of thermal strain that appears

due to the difference between thermal expansion coefficients of silicon and material of the spring

element (steel), when the crystals are mounted on the beam, on the piezoresistive characteristics

of silicon crystals is very strong, especially at cryogenic temperatures. This fact should be ac-

counted to develop sensors for strain measurements of constructions, fabricated from different

materials. P-type Si whiskers with ρ
300

=0.010 Ohm×cm with boron concentration near metal-

insulator transition (MIT) from the metallic side of MIT with gauge factor GF
4.2K

=–1020 at the

compressive strain are most suitable to create strain sensors for cryogenic temperatures, particu-

larly, for 4.2 K. To create strain sensors for the temperature of liquid nitrogen the most suitable

are p-Si whiskers with ρ
300

=0.025 Ohm×cm with gauge factor GF
77K

=263.

Key words: silicon, whiskers, cryogenic temperatures, strain sensor, piezoresistive.
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The summary

TECHNOLOGICAL ASPECTS OF ULTRAVIOLET RADIATION SENSORS FORMATION
ON THE BASE OF HETEROSTRUCTURE GaSe-GaN

P.Y. Stakhira, Z. A. Shandra, V. V. Cherpak

The technique of GaAs ionic sputtering in the ammonia environment using crossed electrical

and magnetic fields for gallium nitride structures formation on the GaSe substrates, with an aim

to create sensors of ultraviolet radiation, is proposed. The optimization of reactor linear dimen-

sions resulting in homogenous gallium nitride films production have been performed. The results

of X-ray phase analysis of GaSe GaN heterostructures revealed polycrystalline hexagonal gal-

lium nitride film on the samples surface. In particular the (110) plane peak is present at the pat-

terns which corresponds to hexagonal GaN. The cathodoluminescent properties of GaSe GaN

heterostructures have been studied.

Keywords: Heterostructure, GaSe, GaN, X-rey diffraction measurements,

cathodoluminescence.
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Vapor Phase Detection of a Narcotic Using Surface
Acoustic Wave Immunoassay Sensors
Stubbs D.D.,   Lee S. — H.,   Hunt W.D.  

On page(s): 335-339

Abstract
Currently, the narcotic sniffing dog remains the most
accurate, reliable, and widely used sensing technology
in the war on drugs. However, recent studies done at
the Institute for Biological Detection Systems at Au-
burn University, Auburn, AL, have shown that in the
presence of extraneous odors (nontarget odors), these
animals show a higher propensity for so-called false
alarms. For this reason, there have been an increasing
demand for a portable, highly specific vapor-sensing
device capable of distinguishing a target vapor signa-
ture in a complex odor. In this paper, we present the
results of a series of experiments demonstrating real-
time vapor phase detection of cocaine molecules. A
distinctive response or signature was observed under
laboratory conditions, where the cocaine vapors were
presented using an INEL vapor generator and under
“field” conditions facilitated by the Georgia Bureau of
Investigation Crime Lab. For these experiments, the
sensor component was an ST-X quartz resonator with
a center frequency of approximately 250-MHz. anti-
benzoylecgonine (anti-BZE) antibodies are attached to
the electrodes on the device surface via a protein-A
cross linker. We observed a large transient frequency
shift accompanied by baseline shift with the anti-BZE
coated sensor. After repeated experiments and the use
of numerous controls, we believe that we have
achieved real-time molecular recognition of cocaine
molecules.

Si-Based Sensor for Virus Detection
Balasubramanian A.,   Bhuva B.,   Mernaugh R.,
Haselton F.R.  

On page(s): 340-344

Abstract
This paper describes the development of a sensor for
the detection of viruses. The detection scheme uses
sense and dummy capacitors and a sense amplifier cir-
cuit to compare capacitance values. The presence of
sufficient biological material within the sense capaci-
tor alters the sense amplifier output. This promising
approach has the potential to more rapidly test for the
presence of virus using an IC platform.

Design of a Subcutaneous Implantable Biochip for
Monitoring of Glucose and Lactate
Guiseppi-Elie A.,   Brahim S.,   Slaughter G.,  
Ward K.R.  

On page(s): 345-355

Abstract
The design, fabrication, and in-vitro evaluation of an
amperometric biochip that is designed for the continu-
ous in vivo monitoring of physiological analytes is de-
scribed. The 2x4x0.5 mm biochip contains two plati-
num working enzyme electrodes that adopt the micro-
disc array design to minimize diffusional limitations
associated with enzyme kinetics. This configuration
permits either dual analyte sensing or a differential re-
sponse analytical methodology during amperometric
detection of a single analyte. The working enzyme elec-
trodes are complemented by a large area platinized
platinum counter electrode and a silver reference elec-
trode. The biorecognition layer of the working elec-
trodes was fabricated from around 1.0-mm-thick com-
posite membrane of principally tetraethylene glycol
(TEGDA) cross-linked poly(2-hydroxyethyl methacr-
ylate) that also contained a derivatized polypyrrole
component and a biomimetic methacrylate component
with pendant phosphorylcholine groups. These two
additional components were introduced to provide in-
terference screening and in vivo biocompatibility, re-
spectively. This composite membrane was used to im-
mobilize glucose oxidase and lactate oxidase onto both
planar and microdisc array electrode designs, which
were then used to assay for in vitro glucose and lactate,
respectively. The glucose biosensor exhibited a dynam-
ic linear range of 0.10–13.0 mM glucose with a re-
sponse time (t

95
) of 50 s. The immobilized glucose oxi-

dase within the hydrogel yielded a K
m( app)

 of 35 mM,
not significantly different from that for the native, so-
lution-borne enzyme (33 mM). The microdisc array bi-
osensor displayed linearity for assayed lactate up to 90
mM, which represented a 30-fold increase in linear dy-
namic lactate range compared to the biosensor with
the planar electrode configuration. Preliminary in vit-
ro operational stability tests performed with the
microdisc array lactate biosensor demonstrated reten-
tion of 80% initial biosensor response after five days of
continuous operation in buffer under physiologic con-
ditions of pH and temperature.
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A Kinetic Study of Analyte-Receptor Binding and
Dissociation for Surface Plasmon Resonance Biosen-
sors Applications
Ramakrishnan A.,   Tan Y.,   Sadana A.

On page(s): 356-364

Abstract
A fractal analysis, which takes into account the effect
of surface heterogeneity brought about by ligand im-
mobilization on the reaction kinetics in surface plas-
mon resonance (SPR) biosensors, is presented. The
binding and dissociation of estrogen receptors (ERs),
ERa and ERa and ERb, in solution to different ligands
immobilized on the SPR biosensor is analyzed within
the fractal framework. The heterogeneity on the bio-
sensor surface is made quantitative by using a single
number, the fractal dimension D

f
. The analysis pro-

vides physical insights into the binding of these recep-
tors to different ligands and compounds, particularly
the endocrine disrupting compounds (EDCs). These
EDCs have deleterious effects on humans and on wild-
life. Single- and dual-fractal models were employed to
fit the ER-binding data obtained from the literature.
Values of the binding and dissociation rate coefficient
and fractal dimensions were obtained from a regres-
sion analysis provided by Corel Quattro Pro, 8.0. Val-
ues for the affinity K

D
(= k

d
/ k

a
) were also calculated.

This provides us with some extra flexibility in design-
ing biomolecular assays. The analysis should provide
further information on the mode of action and interac-
tion of EDCs with the ERs. This would help in the de-
sign of agents and modulators against these EDCs.

Fiber-Optic Hydrogen Peroxide Nanosensor
DelVillar I.,   Matias I.R.,   Arregui F.J.,
Claus R.O.

On page(s): 365-371

Abstract
A fiber-optic sensor sensitive to hydrogen peroxide has
been designed based on the electrostatic layer-by-layer
self-assembly method. Meldola’s blue and a catalyst
hemin have been deposited in a polymeric structure
formed by PAH+ and PAA–. The concentrations that
can be detected range at least between10–7and 10–1 M,
and recovery of the sensor after introduction in a re-
ductive agent has been proved successfully. Some rules
for estimation of the refractive index of the material
deposited and the thickness of bilayers are also given.

Integrated Inductive Sensors for the Detection of
Magnetic Microparticles
Baglio S.,   Castorina S.,   Savalli N.  

On page(s): 372-384

Abstract
In this paper, we deal with novel inductive microsen-
sors, realized by using standard CMOS microelectron-
ic technologies, for the detection of small amounts of
magnetic beads that are placed in selected regions over
the surface of the microsensor. The sensor proposed
here represents a step toward the development of inte-
grated inductive biosensors for application in the area
of magnetic immunoassay where magnetic markers,
carrying specific antibodies that selectively bind to the
cells or molecules to be detected, are used; the measure-
ment of the analyte concentration is therefore accom-
plished by determining the concentration of magnetic
particles tied to it. A planar differential transformer
structure is proposed here as part of the measurement
strategy. The analysis, simulation, and design of the
proposed device are reported, and its sensitivity to the
quantity of micromagnetic beads deposited over its
surface has been also demonstrated through experi-
ments.

Gas-Sensing Properties of Catalytically Modified WO
3

With Copper and Vanadium for NH
3
Detection

Jimnez I.,   Villa A.,   Calveras A.C.,   Morante J.R.  

On page(s): 385-391

Abstract
Ammonia gas detection by pure and catalytically mod-
ified WO

3
-based gas sensors was analyzed. Sensor re-

sponse of pure tungsten oxide to NH
3
 was unsatisfac-

tory, probably due to the unselective oxidation of am-
monia into NO

x
. Copper and vanadium were intro-

duced in different concentrations and the resulting
material was annealed at different temperatures in or-
der to improve the sensing properties for NH

3
 detec-

tion. The introduction of Cu and V as catalytic addi-
tives improved the sensor response to NH

3
. Possible

reaction mechanisms of NH
3
 over these materials are

discussed. Sensor responses to other gases like NO
2
 or

CO and interference of humidity on ammonia detec-
tion were also analyzed so as to choose the best sensing
element.
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Application of Some Recently Synthesized 9, 10-
Anthraquinone Derivatives as New Class of Ionophores
Responsive to Lead (II) Ion
Barzegar M.,   Mousavi M.F.,   Khajehsharifi H.,  
Shamsipur M.,   Sharghi H.

On page(s): 392-397

Abstract
Lead-selective solvent polymeric membrane elec-
trodes, based on some recently synthesized 9, 10-an-
thraquinone derivatives, are described. The electrode
exhibits a good Nernstian response for Pb (II) ions
over a wide concentration range of 1.0x10-6–1.0x10-2 M
with a slope of 28.9 mV decade –1. The potential-pH
profile of membrane based on 1-hydroxy-2-({2-[2-(2-
hydroxyethoxy)ethoxy]ethoxy}methyl)anthra-9, 10-
quinone (A

3
) demonstrated a lack of H+ interference

within a wide pH range (1.5–6.8). The detection limit is
6.7x10–7 M. The developed sensor has a very short re-
sponse time (2.0 s), and it can be used as a working
electrode in a flow injection system. The lifetime of the
proposed sensor is 120 days (without any considerable
divergence in potentials) with good reproducibility
(SD= ±0.1 mV). The proposed sensor revealed good
selectivity for Pb (II) over a wide variety of other metal
ions. It can be used as an indicator electrode in the po-
tentiometric titration of lead ions, with EDTA,
oxalate, chromate, and hydroxide ions, and in direct
determination of lead in a wastewater sample.

Preparation of Ferroelectric Ba(Ti
0.85

Sn
0.15

)O
3
Thin

Films by Metal–Organic Decomposition
Miyamoto T.,   Murakami S.,   Inoue K.,   Suzuki
Y.,   Nomura T.,   Popovici D.,   Noda M.,  
Okuyama M.

On page(s): 398-402

Abstract
Ferroelectric Ba(Ti

0.85
Sn

0.15
)O

3
 (BTS

15
) thin film is new-

ly prepared on the Pt/Ti/SiO
2
/Si substrate by metal–or-

ganic decomposition. The firing condition is deter-
mined by thermogravimetric and differential thermal
analysis. The BTS

15
thin film with a flat surface and

uniform thickness is obtained by spin coating in N
2
 at-

mosphere that avoids moisture. The BTS
15

film has a
perovskite phase and a preferential [110] texture. It is
also found that the crystalline structure is cubic at 24
°C with a lattice constant of 4.01 , and a grain size of
about 30 nm was estimated by Scherrer equation and
SEM image. From P-E hysteresis loop at 20 °C, the
polarization at E=0 and the electric field at P=0 are
found to be 1.07 mC/cm2 and 24.0 kV/cm, respectively.
It is observed that the dielectric constant decreases
monotonously from about 830 to 630 with increasing
temperature ranging from 20°C to 50°C. Finally, it is

found that the BTS
15

 thin film shows a sufficient ferro-
electricity and is an attractive material for functional
ferroelectric devices, such as thermal-type infrared sen-
sors.

An Interface Circuit for Measuring Capacitance
Changes Based Upon Capacitance-to-Duty Cycle
(CDC) Converter
Ignjatovic Z.,   Bocko M.F.  

On page(s): 403-410

Abstract

We present a direct-to-digital capacitive sensor read-
out circuit that converts capacitance changes of a sen-

sor element to changes of the duty cycle of a square-

wave oscillator, which, in turn, is converted to a digital

output by a counter. The readout circuit resembles a

single-slope analog-to-digital converter structure.

There are several advantages of this readout scheme.
First, due to its simplicity and low number of compo-

nents, the power consumption of the circuit is expected

to be significantly smaller than in similar digital read-

out designs. Furthermore, linearization of the output

may be achieved using an EEPROM lookup table.

Another advantage is the possibility of performing
adaptive measurements where the sensor resolution

and bandwidth may be changed via the readout circuit

software. Finally, we present a theory of the adaptive

measurement and an analysis of the design tradeoffs.

The capacitance-to-duty cycle readout circuit may
achieve large bandwidth and high resolution in a mod-

ern low-voltage, low-power CMOS implementation.

The performance of a prototype readout circuit built

from discrete components is 13-bit effective resolution

with a 1-kHz bandwidth.

Design and Analysis of an Integrated Optical Sensor
for Scanning Force Microscopies
Kocabas C.,   Aydinli A.

On page(s): 411-418

Abstract
In this paper, a novel probe for displacement sensing
will be introduced. It is based on a conventional GaAs
cantilever, integrated with a Bragg grating as a photo-
elastic strain sensor. The deflection of the cantilever is
measured directly from the intensity modulation of the
reflected light. The principle of the experimental setup
and the sensor, as well as the theoretical investigation
of the force and displacement sensitivity of the probe,
is presented. Finite-element method simulations were
performed to get the optimum sensor design. Transfer
matrix method simulation of the waveguide grating
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have been described in detail. In order to enhance the
sensitivity, different types of grating structures are dis-
cussed. Using this new design, it should be possible to
achieve sensitivities, defined as the fractional change in
detected optical power per unit displacement of the
cantilever, as high as 10–4 –1of cantilever deflection.

Packaging Methods of Fiber-Bragg Grating Sensors in
Civil Structure Applications
Lin Y.B.,   Chang K.C.,   Chern J.C.,   Wang L.A.  

On page(s): 419-424

Abstract
Fiber-Bragg grating (FBG) sensors made on bare fib-
ers are easily damaged when handled improperly dur-
ing and after fabrication. As a protection from such
damage, a novel technique for protecting and packag-
ing FBG sensors has been developed and is presented
in this paper. To characterize the strain transmission
efficiency of the packaged FBG sensors, an analytical
finite-element method is used, and the results are com-
pared with the experiments. It is observed that the
thickness and Young’s moduli of glues have little influ-
ence on the strain transmission, especially when the
thickness of the glue is less than the diameter of an op-
tical fiber. However, recoating and steel-tube packag-
ing will markedly affect the strain transmission rate.
The strain transmission rates decrease with the in-
crease in thickness of the packaging material. Also, the
aging problem of the polymide or acrylate coating and
epoxy glue must be considered, since the service life of
most structures is usually designed for more than 50
years. The metallic recoated FBG sensor developed in
this research uses different approaches, such as low-
temperature solder welding, which shows no aging
problem, to install the sensors in the structures. Based
on the simulated and experimental results, the nickel
recoating method is shown to have good strain trans-
mission efficiency compared with other packaging
methods.

A 0-Phase Circuit for QCM-Based Measurements in
Highly Viscous Liquid Environments
Avramov I.D.

On page(s): 425-432

Abstract
Currently, the series resonant frequency f

s
 and the mo-

tional resistance Rm of liquid loaded quartz crystal
microbalance (QCM) sensors are extracted either di-
rectly, through network analyzer (NWA) impedance
measurements, or from QCM-stabilized oscillator cir-
cuits. Both methods have serious drawbacks that may

affect measurement accuracy, especially if the sensor is
operated under highly viscous load conditions and Rm
exceeds 1kW. This paper presents a simple passive low-
loss impedance transformation LC network which
greatly reduces additional electrical loading of the
QCM by the measurement system or sensor electronics
and maintains a symmetric resonance and a steep 0-
phase crossing at f

s
, even if Rm increases by several or-

ders of magnitude as a result of liquid loading. A sim-
ple S21 transmission measurement allows direct f

s

reading at the 0-phase frequency, while Rm is obtained
from the circuit loss at f

s
. Circuit operation was veri-

fied at 9 MHz by QCM measurements in a liquid with
known density and viscosity. The agreement between
predicted and experimental data, which was obtained
by a temperature-controlled measurement, was within
1%, even in very high viscosity ranges in which Rm ex-
ceeds 10 kW.

Current Sensor in PCB Technology
Ripka P.,   Kubik J.,   Duffy M.,   Hurley W.G.,  
Oapos   Reilly S.

On page(s): 433-438

Abstract
A novel dc/ac current sensor works on the fluxgate
principle. The core in the form of a 7/10-mm ring made
of electrodeposited permalloy is sandwiched in the
middle of a printed circuit board (PCB), whereas the
sensor excitation winding is also integrated in the cop-
per layers of the PCB. To lower the sensor power con-
sumption, the excitation winding was tuned by a paral-
lel capacitor. The peak-peak/rms ratio of 5.2 was
achieved for the excitation frequency of 25 kHz. The
open-loop sensor has 100-mV/A sensitivity; the char-
acteristics have a linearity error of 10% and hysteresis
below 0.1% in the 1-A range.

Characterization of a 1x32 Element Metal–Semicon-
ductor–Metal Optoelectronic Mixer Array for FM/cw
LADAR
Ruff W.C.,   Aliberti K.,   Giza M.,   Shen H.,  
Stann B.,   Stead M.  

On page(s): 439-445

Abstract
We characterize a 1x32 element metal–semiconductor–
metal photodetector (MSM-PD) array utilized for op-
toelectronic mixing in an incoherent, amplitude-mod-
ulated laser detection and ranging (LADAR) system.
The MSM-PDs that make up the one-dimensional ar-
ray internally detect and down-convert light signals
that are amplitude modulated at ultrahigh frequency
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(UHF). Range information is contained in the low-fre-
quency mixing product derived by mixing a reference
UHF chirp with a detected, time-delayed UHF chirp.
When utilized in the LADAR System, the MSM-PDs
eliminate the need for wideband transimpedance am-
plifiers in the LADAR receiver. This, in turn, reduces
both the cost and complexity of the system. The bread-
board LADAR architecture and components are de-
scribed, and fundamental measurements and imagery
taken from the LADAR, using these unique MSM-
PDs, are also presented.

Combined Differential and Static Pressure Sensor
Based on a Double-Bridged Structure
Pedersen C.,   Jespersen S.T.,   Krog J.P.,  
Christensen C.,   Thomsen E.V.  

On page(s): 446-454

Abstract
A combined differential and static silicon microelec-
tromechanical system pressure sensor based on a dou-
ble piezoresistive Wheatstone bridge structure is pre-
sented. The developed sensor has a conventional (in-
ner) bridge on a micromachined diaphragm and a sec-
ondary (outer) bridge on the chip substrate. A novel
approach is demonstrated with a combined measure-
ment of outputs from the two bridges, which results in
a combined deduction of both differential and static
media pressure. Also following this new approach, a
significant improvement in differential pressure sensor
accuracy is achieved. Output from the two bridges de-
pends linearly on both differential and absolute (rela-
tive to atmospheric pressure) media pressure. Further-
more, the sensor stress distributions involved are stud-
ied by three-dimensional finite-element (FE) stress
analysis. Furthermore, the FE analysis evaluates cur-
rent and other potential piezoresistor positions on the
outer Wheatstone bridge.

A CMOS Floating-Gate Matrix Transform Imager
Bandyopadhyay A.,   Hasler P.,   Anderson D.  

On page(s): 455-462

Abstract
A new transform imager technology and architecture
is introduced in this paper. This approach allows for
retina and higher-level bio-inspired computation in a
programmable architecture that still possesses similar
high-fill factor pixels of APS imagers. This imager is
capable of programmable matrix operations on the
image, where the image can be presented as either a full
matrix or using block matrix operations. Each pixel is
composed of a photodiode sensor element and a multi-

plier. The core imager performs computation at the
pixel plane but still holds to a fill factor greater than 46
%. The resulting data-flow architecture directly allows
computation of spatial transforms, motion computa-
tions, and stereo computations.

Discrimination Between Different Samples of Olive Oil
Using Variable Selection Techniques and Modified
Fuzzy Artmap Neural Networks
Brezmes J.,   Cabre P.,   Rojo S.,   Llobet E.,  
Vilanova X.,   Correig X.

On page(s): 463-470

Abstract
An electronic nose for classification of olive oil sam-
ples is presented. Principal component analysis and a
modified fuzzy artmap neural network where applied
to data acquired from 12 sensors. A custom designed
variable selection technique was also used to boost
performance. Ten different samples of olive oils were
classified with 78% accuracy, and confusion occurred
mostly between similar olive oils. Defective samples
were separated from defect-free olive oil with 97% ac-
curacy. These results show that careful variable selec-
tion, coupled to a modified fuzzy artmap algorithm,
can significantly improve electronic nose performance.

Reliability of Signal Processing Technique for Pave-
ment Damages Detection and Classification Using
Ground Penetrating Radar
Benedetto A.,   Benedetto F.,   DeBlasiis M.R.,  
Giunta G.,  

On page(s): 471-480

Abstract
Ground penetrating radar (GPR) signal processing is a
nondestructive technique, currently performed by
many agencies involved in road management and par-
ticularly promising for soil characteristics interpreta-
tion. The focus of this paper is to assess the reliability
of an optimal signal processing algorithm for pave-
ment inspection. Preliminary detection and subsequent
classification of pavement damages, based on an auto-
matic GPR analysis, have been performed and experi-
mentally validated. A threshold analysis of the error is
carried out to detect possible damages and check if
they can be predicted, while a second threshold analy-
sis determines the nature of the damage. An optimum
detection procedure is performed. It implements the
classical Neyman–Pearson radar test. All the settings
needed by the procedure have been estimated from
training sets of experimental measures. The overall
performance has been evaluated by looking at the usu-
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al receiver’s operating characteristic. The results show
that a reasonable performance has been achieved by
exploiting the spatial correlation properties of the re-
ceived signal, obtained from an appropriate analysis
of GPR images. The proposed system shows that auto-
matic evaluation of subgrade soil characteristics by
GPR-based signal analysis and processing can be con-
sidered reliable in a number of experimental cases.

Rate-Distortion Bound for Joint Compression and
Classification With Application to Multiaspect Scat-
tering
Dong Y.,   Chang S.,   Carin L.

On page(s): 481-492

Abstract
Rate-distortion analysis is applied to the problem of
joint compression and classification. A Lagrangian
distortion measure is used to consider both the Eucli-
dean error in reconstructing the original data as well as
the classification performance. The bound is calculat-
ed based on an alternating-minimization procedure,
representing an extension of the Blahut–Arimoto algo-
rithm. This rate-distortion framework is then applied
to a joint compression and target-orientation estima-
tion problem, based on a sequence of scattered wave-
forms measured at multiple target-sensor orientations.
A hidden Markov model–Markov model (HMM–
MM) is used as the statistical description for the
source, here representative of multiaspect scattering
data. Target-orientation estimation reduces to assess-
ing the underlying HMM states from a sequence of
observations. After deriving the rate-distortion func-
tion, we demonstrate that discrete HMM performance
based on Lloyd encoding is far from this bound. Per-
formance is improved via block coding, based on
Bayes vector quantization. Results are presented for
multiaspect acoustic scattering from an underwater
elastic target, using measured and synthesized data.

Mechanical-Thermal Noise in MEMS Gyroscopes
Leland R.P.  

On page(s): 493-500

Abstract
We derive expressions for the effect of mechanical
thermal noise on a vibrational microelectromechanical
system gyroscope, including the angle of random walk,
the noise equivalent rotation rate, and the spectral
density of the noise component of the rate measure-
ment. We explicitly calculate and compare the output
signal due to rotation and the output due to noise. We
avoid several ambiguities in the literature concerning

bandwidth and correctly observe a factor of two reduc-
tion in noise power due to synchronous demodulation.
We use stochastic averaging to obtain an approximate
“slow” system that clarifies the effect of thermal noise
and shows the effect of frequency mismatch between
the drive and sense axes. We compute the noise equiva-
lent rate for both open-loop and force-to-rebalance
operation of the gyroscope.

Smooth Pursuit Eye Movement System Using Artifi-
cial Retina Chip and Shape Memory Alloy Actuator
Kim W. — C.,   Kim J. — H.,   Lee M.,  
Shin J. — K.,   Yang H. — S.,   Yonezu H.  

On page(s): 501-509

Abstract
We developed a new active vision system using an arti-
ficial retina chip and the shape memory alloy actuator.
A foveated COMS retina chip for edge detection de-
signed and fabricated for an image sensor of the devel-
oped system and the shape memory alloy actuator was
used for mimicking the roles of the ocular muscles to
track a desired target. Also, we proposed a new com-
putational model that mimics the functional roles of
our brain organs for generating the smooth pursuit eye
movement. In our model, a neuromorphic model for
the medial temporal cell generates motion energy, and
the medial superior temporal cell is considered to gen-
erate an actuating signal so that the developed active
vision system smoothly pursues the target with similar
dynamics to the motion of our eyeball during the
smooth pursuit. Experimental results show that the
developed system successfully operates to follow the
edge information of a moving object.

A Field Deployable, Multiplexed Bragg Grating
Sensor System Used in an Extensive Highway Bridge
Monitoring Evaluation Tests
Gebremichael Y.M.,   Li W.,   Meggitt B.T.,  
Boyle W.J.O.,   Grattan K.T.V.,   McKinley B.,  
Boswell L.F.,   Aarnes K.A.,   Aasen S.E.,  
Tynes B.,   Fonjalla Y.z,   Triantafillou T.

On page(s): 510-519

Abstract
A multiplexed optical fiber Bragg grating sensor sys-
tem with a measurement bandwidth of up to 200 Hz
enabling dynamic loading events, e.g., road traffic, to
be observed has been designed, installed, and tested
over an 18-month period on a 346-m road bridge in
Norway, for design verification and structural integri-
ty monitoring purposes. A network of 32 fiber Bragg
sensors was surface bonded along with a correspond-
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ing set of resistive strain gauges for comparative tests
to be made. The wavelength data were calibrated
against two thermally stabilized (~0.15 pm) reference
gratings, which rejected common mode noise and pro-
vided absolute wavelength scaling. These data pro-
vides independent strain and temperature information.
Long-term test results showed good linearity and re-
peatability of < 10 e over the test period with a preci-
sion of ±5 e and a resolution of ±1 e. The readings
from the FBG sensors were comparable to those from
the foil gauge sensors to within ±4 e.

CO
2
 Laser Pulse Monitoring Instrument Based on

PVDF Pyroelectric Array
Capineri L.,   Lenzi F.,   Masotti L.,   Mazzoni M.  

On page(s): 520-529

Abstract
This paper proposes to extend the use of low-cost, py-
roelectric, polyvinylidene fluoride four-quadrant ar-
rays, originally devoted to monitoring the beam point
stability of CO

2
 laser beams, to the temporal profiling

of the same laser pulse providing an instrument that is
not commercially available. The advantage of using a
single sensor for both types of measurements can be
fully exploited if the pyroelectric sensor bandwidth is
made almost flat in the typical frequency range (10
Hz–20 kHz) of the signal spectrum generated by a
modulated CO

2
laser. In this paper, we present the de-

sign of an active analog compensation filter aimed to
improve the reconstruction accuracy of the laser pulses
and its circuit implementation with a quad operational
amplifier for an easy integration of the compensation
filter on the same board hosting the sensor. Experi-
mental results obtained with modulated CO

2
laser

beams, at pulse repetition rates from 10 to 1000 Hz and
variable duty cycle, proved accurate in the laser pulse
reconstruction with sensitivity of commercial semicon-
ductor HgCdZnTe sensors.

Micro Gas Sensor Array With Neural Network for
Recognizing Combustible Leakage Gases
Lee D. — S.,   Ban S. — W.,   Lee M.,   Lee D. — D.  

On page(s): 530-536

Abstract
A micro gas sensor array, consisting of four porous tin
oxide thin films added with noble metal catalysts on a
micro-hotplate, was designed and fabricated. The mi-
cro-hotplate was designed to obtain a uniform thermal
distribution along with a low-power consumption and
fast thermal response. The sensing properties of the
sensors toward certain combustible gases, i.e., pro-

pane, butane, LPG, and carbon monoxide, were evalu-
ated. A multilayer neural network was then used to
classify the gas species. The results demonstrated that
the proposed micro sensor array, plus multilayer neu-
ral network employing a backpropagation learning al-
gorithm, was very effective in recognizing specific
kinds and concentration levels of combustible gas be-
low their respective threshold limit values.

Controlling a Gas/Odor Plume-Tracking Robot Based
on Transient Responses of Gas Sensors
Ishida H.,   Nakayama G.,   Nakamoto T.,  
Moriizumi T.,  

On page(s): 537-545

Abstract
Gas sensors provide an artificial sense of smell for a
mobile robot to track an airborne gas/odor plume
and locate its source. However, a slow response of gas
sensors has been the major factor limiting the devel-
opment of plume-tracking robots. This paper de-
scribes a new control algorithm that breaks the limi-
tation. The basic idea is to detect onsets of gas sensor
response and starts of recovery by monitoring the rel-
ative change in each sensor output. Fast plume track-
ing is accomplished by making the robot take appro-
priate actions immediately when the sensor outputs
start changing from one state to another. Growing
sensor outputs evoke an increase in the robot speed
for further acceleration of plume tracking, whereas
insufficient sensor outputs slow down the robot to
avoid degrading the search success rate. In contrast
to the previous algorithm, based on the absolute sen-
sor output levels, the detection of output change also
leads to reliable plume detection, since it is insuscepti-
ble to drift in the gas sensor outputs. Experimental
results have shown that the robot can track down a
gas source within the distance of 2 m in 32 s, even
though semiconductor gas sensors with a long recov-
ery time (>60 s) are used.

Sliding Mode-Based Microstructure Torque and Force
Estimations Using MEMS Optical Monitoring
Park J.,   Wang L.,   Dawson J.M.,   Hornak L.A.,  
Famouri P.  

On page(s): 546-552

Abstract
The determination of microstructure state is becoming
of increasing importance for microelectromechanical
system (MEMS) sensors and actuators. Sliding mode-
based microtorque estimation for a rotary micromo-
tor, assuming the availability of a MEMS optical mon-
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itoring data stream, is presented. The dynamic model
of the rotating MEMS system and the electrostatic
torque are identified. The technique uses the estimated
position signal to approach the actual measured posi-
tion signal, obtainable through optical monitoring, to
simultaneously estimate the microtorque and load
torque. The estimated microtorque and load torque

are low-pass filtered to eliminate the switching behav-
ior inherent in the sliding-mode estimator. The experi-
mental setup of a lateral comb resonator with optical
monitoring is presented and discussed. The simulation
results of both electrostatic and load torque estima-
tions are presented, as well as the experimental force
estimation of a lateral comb resonator device.
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