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MIS-PHOTOTRANSISTOR
WITH p-n-…-p-n-STRUCTURE AS A GATE

I. M. Vikulin, *Sh. D. Kurmashev, V. A. Mingalev, Yu. G. Tumanov

Odessa A. S. Popov academy of communication
Ukraine, 65029, Odessa, Kuznechnaya str., 1. Tel. (0482) 23-61-18

*Odessa I. I. Mechnikov university
Ukraine, 65026, Odessa, Dvoryanskaya str., 2. Tel. (0482) 60-72-05

Abstract

MIS-PHOTOTRANSISTOR WITH p-n-…-p-n-STRUCTURE AS A GATE

I. M. Vikulin, *Sh. D. Kurmashev, V. A. Mingalev, U. G. Tumanov

The physical mechanisms of the operation of the field-effect MIS-phototransistor with p-n-
…-p-n — structure as the gate is considered. The photo-voltage, which is raised with illumina-
tion, operates by current in the channel of the transistor. The photosensitivity of such transistors
better than that of the photodetector with absorption of light only in the channel. The utilization
as the gate of semiconductor with greater wide band gap than material of channel is extended the
spectral region of sensitivity in ultraviolet.

Key words: field-effect transistor, MIS-structure, phototransistor, p-n-junction
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PACS 32. 80. Rm; 05. 45. +b;
 539. 142, 539. 184

SENSING THE RECOIL INDUCED EXCITATION AND IONIZATION
IN ATOMS AND IONS DUE TO THE CAPTURE OF NEUTRON AND

ALPHA-PARTICLE

S. V. Malinovskaya

Institute of Applied mathematics OSEU, P. O. Box 108, Odessa-9, 65009, Ukraine
E-mail: glushkov@paco.net

Abstract

SENSING THE RECOIL INDUCED EXCITATION AND IONIZATION  IN ATOMS AND IONS
DUE TO THE CAPTURE OF NEUTRON AND  ALPHA-PARTICLE

S. V. Malinovskaya

New theoretical scheme for sensing the recoil-induced excitation and ionization in atoms and ions
due to the neutron capture and alpha particle is proposed. As method of calculation of the correlated
electron wave functions, the perturbation theory on inter electron interaction is used. The numerical
results for transition probabilities to different electronic states, induced by capture of a neutron by 3He,
19Ne8+ and for α+4He→8Be2+ reaction are presented.

Key words: sensing, recoil in atom, ionization probability, capture of neutron, alpha-particle
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PACS: 34. 50Rk, 31. 70Hq, 95. 55Sh
 541. 27, 584. 96

SENSING DYNAMICS OF THE ZONE TYPE MULTI-LEVEL SYSTEM
IN A LASER FIELD: STOCHASTIZATION OF VIBRATIONAL MOTION

FOR MOLECULES IN THE MULTI-PHOTON
PHOTOEXCITATION REGIME

A. V. Loboda, I. M. Shpinareva, V. N. Polischuk, and V. I. Gura

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

Abstract

SENSING DYNAMICS OF THE ZONE TYPE MULTI-LEVEL SYSTEM IN A LASER FIELD:
STOCHASTIZATION OF VIBRATIONAL MOTION FOR MOLECULES IN THE MULTI-

PHOTON PHOTOEXCITATION REGIME

A. V. Loboda, I. M. Shpinareva, V. N. Polischuk, V. I. Gura

We present new theoretical scheme to sensing dynamics of the zone type multi-level system in
a laser field, based on the quantum stochastic kinetic approach. The multi-photon dissociation
yield, selectivity and absorbed energy upon the laser pulse energy density for BCl

3
 molecules in

the oxygen O
2
 buffer gas are calculated. It has been studied a stochastization of vibrational mo-

tion for molecules in the multi-photon photo-excitation regime on example of CF
3
I, SF

6
and BCl

3

molecules within the stochastic Focker-Plank model.

Key words: sensing, molecule in laser field, vibrational stochastization, kinetic modelling
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 539. 184, 539. 192

SENSING STOCHASTICITY OF ATOMIC SYSTEMS IN CROSSED
ELECTRIC AND MAGNETIC FIELDS BY ANALYSIS  OF LEVEL

STATISTICS FOR CONTINUOUS ENERGY SPECTRA

S. V. Ambrosov, V. M. Ignatenko, D. A. Korchevsky and V. P. Kozlovskaya

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

Abstract

SENSING STOCHASTICITY OF ATOMIC SYSTEMS  IN CROSSED ELECTRIC
AND MAGNETIC FIELDS BY ANALYSIS  OF LEVEL STATISTICS FOR CONTINUOUS

ENERGY SPECTRA

S. V. Ambrosov, V. M. Ignatenko, D. A. Korchevsky and V. P. Kozlovskaya

A new method for sensing stochasticity and chaotic elements in dynamics of atomic and nano-
optical systems in the crossed external electric and magnetic fields is developed. It is based on the
quantum approach to calculation of the energy levels spectra and analysis of the level statistics
for continuum are used. Some illustrations regarding the stochasticity and quantum chaos in
non-H atomic system (Li) are presented.

Key words: sensing stochasticity, atomic system, energy levels statistics, electric and magnetic
fields
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PACS 64. 60. A+82. 70. R
 530. 182, 510. 42

SENSING AIR POLLUTION FIELD STRUCTURE IN THE INDUSTRIAL
CITY’S ATMOSPHERE BY IMAGE RECOGNITION METHOD:

NEURAL NETWORKS MODELLING

A. V. Glushkov, Yu. Ya. Bunyakova, G. P. Prepelitsa and T. V. Solonko

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

Abstract

SENSING AIR POLLUTION FIELD STRUCTURE IN THE INDUSTRIAL CITY’S ATMOSPHERE
BY IMAGE RECOGNITION METHOD: NEURAL NETWORKS MODELLING

A. V. Glushkov, Yu. Ya. Bunyakova, G. P. Prepelitsa and T. V. Solonko

A new approach, based on the image recognition method and neural networks modelling
scheme, is at first proposed for sensing temporal and spatial structure of the air pollution fields in
the industrial city’s atmosphere. As example it has been carried out an analysis of the Odessa
atmosphere aerosol component data.

Key words: sensing, city’s air pollution, image recognition, neural networks
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SENSING SPECTRAL HIERARCHY, QUANTUM CHAOS, CHAOTIC
DIFFUSION AND DYNAMICAL STABILISATION EFFECTS

IN A MULTI- PHOTON ATOMIC DYNAMICS WITH INTENSE
LASER FIELD

A. V. Glushkov, S.V. Malinovskaya,
A. A. Svinarenko and L. A. Vitavetskaya

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

Abstract

SENSING SPECTRAL HIERARCHY, QUANTUM CHAOS, CHAOTIC DIFFUSION AND
DYNAMICAL STABILISATION EFFECTS IN A MULTI-PHOTON ATOMIC DYNAMICS WITH

INTENSE LASER FIELD

A. V. Glushkov, S.V. Malinovskaya, A. A. Svinarenko and L. A. Vitavetskaya

A new method for sensing a spectral hierarchy, quantum chaos, chaotic diffusion, dynamical
stabilisation in atomic systems in the intense laser field in the multi-photon regime is developed.
New method is based on QED perturbation theory approach to calculating multi-photon, above
threshold ionization cross-sections, Focker-Plank evolutionary equation for studying quantum
diffusion phenomena, Fedorov interference stabilisation model. It is at first found availability of
the spectral hierarchy and separately quantum-chaotic range (satisfying to the Wigner distribu-
tion) in spectrum of multi-photon ionization for magnesium. It is discovered the phenomenon of
chaotic diffusion in the multi-photon regime for this atomic system in a laser field. It is at first
proposed consistent theoretical approach to modelling the dynamical stabilisation effect for
atomic system in an intense laser field and theoretically predicted the cited effect in atom of neon
in laser field with intensity ~1014 W/cm2 in an excellent agreement with experiment. Presented
theory of studied phenomena is the physical basis for construction of the new nano-atomic ele-
ments and devices, including quantum Carnot engine, single-atomic lasers, quantum computers
elements etc.

Key words: sensing, atomic system, laser field, spectral hierarchy, quantum chaos, diffusion,
stabilisation
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PACS codes: 34. 50Rk, 31. 70Hq, 95. 55Sh;
 535. 42.,539. 184.

LASER PHOTOIONIZATION TECHNOLOGY AND NEW EQUIPMENT
PRINCIPAL SCHEME FOR PREPARING THE FILMS OF SUPER PURE

COMPOSITION AT ATOMIC LEVEL

S. V. Ambrosov

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

Abstract

LASER PHOTOIONIZATION TECHNOLOGY AND NEW EQUIPMENT PRINCIPAL SCHEME
FOR PREPARING THE FILMS OF SUPER PURE COMPOSITION AT ATOMIC LEVEL

S. V. Ambrosov

New optimal schemes for laser photo-ionization technology for control and cleaning the sem-
iconductor substances and preparing the films of pure composition on atomic level are developed
and new corresponding equipment principal scheme is presented.

Key words: laser photo-ionization technology, preparing films, cleaning semiconductors,
optimal schemes
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UDC 541. 64 + 541. 67

UTILIZATION OF THIN ELECTROPOLYMERIZED POLYPYRROLE
AND POLYANILINE FILMS AS SENSITIVE LAYERS IN

CHEMORESISTOR SENSOR ARRAYS

A.  L. Kukla, A.  S. Pavluchenko, V. A. Kotljar, Yu. M. Shirshov,
N. V. Konoshchuk1, O. Yu. Posudievsky1, V. D. Pokhodenko1

V. E. Lashkaryov Institute of Semiconductor Physics of the National Academy of Sciences of the
Ukraine tel. /fax 380 (044) 265-18-27, kukla@isp. kiev. ua

1 L. V. Pisarzhevsky Institute of Physical Chemistry of the National Academy of Sciences of the
Ukraine, 31, Prosp. Nauki, Kiev, 03039, Ukraine, tel. 265-75-77, posol@inphyschem-nas. kiev. ua

Summary

UTILIZATION OF THIN ELECTROPOLYMERIZED POLYPYRROLE AND POLYANILINE
FILMS AS SENSITIVE LAYERS IN CHEMORESISTOR SENSOR ARRAYS

A.  L. Kukla, A.  S. Pavluchenko, V.  A. Kotljar, Yu.  M. Shirshov,
N.  V. Konoshchuk, O.  Yu. Posudievsky, V.  D. Pokhodenko

In this work chemosensitivity of the thin electropolymerized polypyrrole and polyaniline
films is studied by analysis of the experimental data obtained from the arrays of electroconduc-
tive polymer sensors. Sensor response towards vapors of various organic solvents is analyzed and
several possible mechanisms of interaction of the organic solvent with the doped polymer film is
considered. By comparative study of the polypyrrole and polyaniline-based sensors responses an
explanation of dependence of senor response on analyte acidity and polarity factors is proposed.

Keywords: electroconductive polymer, polyaniline, polypyrrole, chemosensor.
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Abstract

INVESTIGATION AND OPTIMIZATION OF CONDUCTOMETRIC TRANSDUCERS BASED
ON PLANAR TECHNOLOGY

V. . Arkhypova, . L. Bereghetskyy, . . Shul’ga,
J.- . Chovelon, . P. Soldatkin, S. V. Dzyadevych

The characteristics of thin-films conductometric interdigitated electrodes as transducers were
studied using impedance spectroscopy. The optimal materials for electrodes and support, the
characteristic dimensions of electrodes were chosen for enzyme biosensors designing.

Keywords: conductometric transducers, impedance spectroscopy, biosensors, thin-films
interdigitated electrodes



. . , . . , . . ,
.- . , . . , . .

-
. -

, .

: , ,
,



 577. 15; 573. 6

. . 1, . . 1, . . 1, . . 1,
.- . 2, . . 1, . . 1

1 ,
. , 150,  03143, , .: 044 526 07 49, : 044 526 07 59,

E-mail: dzyad@yahoo. com
2  1, ,

. . , . . , . . , . . ,
.- . , . . , . .

, -
,

, . ,
-

.
. , -

,  — ,
 — 10 .

: , , -
,

Abstract

INVESTIGATION AND OPTIMIZATION OF DIFFERENT TRANSDUCERS
FOR CREATION OF AMPEROMETRIC BIOSENSORS

. L. Bereghetskyy, O. M. Schuvaylo, V. . Arkhypova, L. V. Shkotova, J.- . Chovelon,
. P. Soldatkin, S. V. Dzyadevych

The characteristics of different transducers for creation of amperometric biosensors such as
various carbon and metallic electrodes were investigated. It was shown that the platinum is best
electrode material for using as amperometric transducers. It is also possible to use interdigitated
planar electrodes. It was shown that optimal material for such electrodes creation is platinum,
the best substrate is silicon, and the width of digits and their separation are 10 µm.

Keywords: amperometric transducers, carbon and metallic electrodes, biosensors, thin-films
interdigitated electrodes
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Summary

IMPRINTED CONDUCTING POLYMERS THAT ARE SENSITIVE TO ANILINE DERIVATIVES

Ya. I. Kurys, N. S. Netyaga

Optimal conditions of the electrochemical preparation of imprinted conducting polymers
based on aniline derivatives are established. It is shown that sensitivity and selectivity of such
materials to aniline derivatives is established as a result of specific conformity between the pores
of the imprinted polymer and template molecules — molecules of the monomer used for elec-
tropolymerization.

Keywords: imprinted polymers, conducting polymers, electropolymerization, o-anisidine,
toluidines, o-aminophenol.
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APPLICATION OF LINEAR CLASSIFIERS FOR ANALYSIS
OF THE SENSOR ARRAYS DESCRIPTIVENESS FOR DETECTION

OF THE VOLATILE COMPOUNDS MOLECULES

A. S. Pavluchenko, Z. I. Kazantseva, I. A. Koshets, Yu. M. Shirshov

V.  Lashkaryov Institute of Semiconductor Physics of NASU
Tel. /fax: (+380-44) 2651827, (+380-44) 2655626

e-mail: shirshov@isp. kiev. ua

Summary

APPLICATION OF LINEAR CLASSIFIERS FOR ANALYSIS OF THE SENSOR ARRAYS
DESCRIPTIVENESS FOR DETECTION OF THE VOLATILE COMPOUNDS MOLECULES

A. S. Pavluchenko, Z. I. Kazantseva, I. A. Koshets, Yu. M. Shirshov.

In this work some approaches to improvement of the chemical images classification perform-
ance due to preprocessing and dimensionality reduction of the multisensor array responses are
studied. A criterion for linear separability of the analyte classes is proposed, allowing to choose
an optimal method of responses processing for the particular classification task without the need
of cross-validation involving multiple classifier retraining.

Keywords: multisensor array, quartz crystal microbalance, linear classifier, feature space
reduction, separability criterion.
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OPTIMISATION OF THE TECHNOLOGY OF POLISHING
OF INPUT WINDOWS MADE OF OPTICAL CERAMICS KO1, KO12

FOR IR SENSORS

V. P. Maslov, A. Z. Sarsembaeva

Institute of Semiconductor Physics, NASU, 45, Prospect Nauki, Kiev, Ukraine
Phone/fax: +380 (44) 2650555; E-mail: maslov@isp. kiev. ua, sannaz@bigmir. net

Abstract

OPTIMISATION OF THE TECHNOLOGY OF POLISHING OF INPUT WINDOWS MADE
OF OPTICAL CERAMICS KO1, KO12 FOR IR SENSORS

V. P. Maslov, A. Z. Sarsembaeva

In this work on the base of elipsometric measurements the technology of machine work of
polished details made of optical ceramics KO1, KO12 was optimised. The ellipsometry is a high-
performance contactless method of the control of quality of optical surfaces, in which the sharp
response of condition of polarisation of the light to the properties and parameters of a surface
and surface layers of an investigated reflective system is used. It is shown, that the highly produc-
tive technology of a diamond polishing provides achievement of ellipsometric parameters at level
of conventional methods of polishing.

Keywords. Ellipsometric control, diamond polishing, optical ceramics.
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Detection of Landfill Gases by Chemoresistive Sensors
Based on Titanium, Molybdenum, Tungsten Oxides
Comini E.,  Guidi V.,  Ferroni M.,  Sberveglieri G.   

On page(s): 4- 11

Abstract:
Monitoring of the gases produced in landfills is a ma-
jor task nowadays for the environmental safety of the
areas neighboring garbage dumps. We approached the
problem via solid-state chemoresistive gas sensors to
detect typical complex organic gases produced by
landfills, i. e., carbon sulfide, methyl sulfide, and xy-
lene. We have tested Ti, W, and Mo mixed-oxide thin
films deposited by reactive sputtering and processed
through the selective sublimation technique. We re-
corded a remarkable response toward carbon disulfide
and xylene below the attention level for these gases.

Low-Temperature Catalyst Adding for Tin–Oxide
Nanostructure Gas Sensors
Hong S.-J.,  Han J.-I.   

On page(s): 12- 19

Abstract:
Thick-film gas sensors are successfully fabricated us-
ing the nanostructure tin–oxide powder. In order to
suppress the coarsening of the nanostructure tin–oxide
particles during the adding process, the low-tempera-
ture catalyst adding (LTCA) method is proposed in
this paper. LTCA is an adding method of noble Pd cat-
alyst onto the nanostructure tin–oxide particles under
the lower temperature below 300 °C excluding chlo-
ride. It turned out that the adding without particle
coarsening is successfully carried out by means of
LTCA. Applying LTCA to the fabrication of the thick
film using nanostructure tin–oxide powder having a
size smaller than 5 nm leads to an excellent perform-
ance with respect to the methane gas sensing. After ag-
ing at 400 °C, a good sensitivity (R

3500
 /R

1000
) of 0. 66 is

obtained for the sensor doped with 5 wt% of Pd cata-
lyst. Also, the sensitivity of the sensor is so stable that
the deviation of the electrical resistance is within 3%
after 400 h of aging.

Mechanical and Electrical Characterization of βββββ-Ga
2
O

3

Nanostructures for Sensing Applications
Yu M.-F.,  Atashbar M. Z.,  Chen X. L.   

On page(s): 20- 25

Abstract:
Single crystalline β-Ga

2
O

3
 nanowire and nanoribbon

materials were synthesized, and electrical and mechan-
ical properties were studied for sensing applications.
The structural analysis showed that the Ga

2
O

3
 nano-

materials were stoicheometric and had the same crystal
lattice structure as the β phase Ga

2
O

3
crystal. The me-

chanical study on individual Ga
2
O

3
 nanowires and na-

noribbons showed that they had a bending modulus of
around 300 GPa, are flexible (in bending and twisting),
and are easy to be cleaved along their crystal lattice.
The current–voltage electrical characterization
through the thickness of nanoribbon and along the
length of nanowire confirmed their semiconducting
characteristic. A two-terminal device fabricated with
an individual Ga

2
O

3
 nanowire showed good sensing

response to ethanol gas at low-operating temperature,
which revealed the potential of using such nanostruc-
tures for effective sensing applications.

Realization and Metrological Characterization of a
Compact High-Resolution Pendulum Tiltmeter
Berutto M.,  Ortolano M.,  Periale F.,  DeMarchi A.

On page(s): 26- 31

Abstract:
This paper describes the design, realization, and test-
ing of a novel compact tiltmeter model, which is based
on a simple free pendulum and optical detection. Two
equal prototypes were built and metrologically charac-
terized against each other. Various mechanical and
electronic noise sources were first analyzed theoretical-
ly, in order to identify the expected contributions to
resolution and long-term stability. The stability of the
prototypes was then measured and characterized with
the Allan variance as a function of averaging time. Ex-
perimental results confirm the theory. The best meas-
ured resolution is 300 prad and is obtained with an av-
eraging time of 300 s. The dynamic range is ±300 µrad.
Such values are suitable for the needs which stimulated
the development of the device; however, improvements
are possible and directions for the realization of a bet-
ter version are indicated.
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CMOS Pixels for Subretinal Implantable Prothesis
Mazza M.,  Renaud P.,  Bertrand D. C.,  Ionescu A. M.

On page(s): 32- 37

Abstract:
This work reports on the design, fabrication, and char-
acterization of CMOS pixels for subretinal implants,
which seems to be an effective way to recover visual
capabilities in some types of blindness. Two possible
approaches are presented for CMOS pixel implemen-
tation: 1) an approach based on a light-controlled os-
cillator (LICOS) using a ring oscillator with an odd
number of inverters and 2) an approach based on dis-
tributing a square signal at each pixel that filters out a
number of pulses depending of the light intensity wave
across the chip (WATCH). Both types of pixels fabri-
cated in 0. 35-µm CMOS demonstrate good mimic of
the electrical behavior of human retina, with low-pow-
er consumption (typically 1 mW for a 14×14 matrix of
pixels) and having small dimensions (75×78. 5 µm2 for
LICOS and 70×50 µm2 for WATCH), which make
them suitable for practical implants. Experimental val-
idation is reported on physiological solutions. Because
of its characteristic, the proposed matrix of pixels
could be considered as one of the first stand-alone
highly integrated solutions for subretinal implant
chips.

Wavelength Demodulation of Ultrabright Green Light-
Emitting Diodes for Electrical Current Sensing
Ribeiro R. M.,  Martins L.,  Werneck M. M.

On page(s): 38- 47

Abstract:
We report on a novel electrical current-sensing princi-
ple based on wavelength-encoded modulation of the
ultrabright green (at 525 nm) light-emitting diode
transducers. It complies with the optical subsystem of
a hybrid current transformer. Real-time wavelength
demodulation is performed with the passive spectral
edge filter OG 530. Linear calibration plots were
achieved with –0. 33 nm/mA for dc and +0. 99 mA–1

for ac current sensitivity, respectively. A measurement
accuracy of 1. 3% for 28. 4-mA ac peak current range is
achieved. A simple theoretical model is outlined. Issues
such as electronic and thermal effects on stability per-
formance are also addressed.

Gas-Sensing Properties of Sprayed Films of
(CdO)

x
(ZnO)

1-x
 Mixed Oxide

Ferro R.,  Rodriguez J. A.,  Jimenez I.,  Cirera
A.,  Cerda J.,  Morante J. R.

On page(s): 48- 52

Abstract:
A novel NO

2
 sensor based on (CdO)

x
(ZnO)

1-x
 mixed-

oxide thin films deposited by the spray pyrolysis tech-
nique is developed. The sensor response to 3-ppm NO

2

is studied in the range 50 °C–350 °C for three different
film compositions. The device is also tested for other
harmful gases, such as CO (300 ppm) and CH

4
 (3000

ppm). The sensor response to these reducing gases is
different at different temperatures varying from the re-
sponse typical for the p-type semiconductor to that
typical for the n-type semiconductor. Satisfactory re-
sponse to NO

2
 and dynamic behavior at 230 °C, as well

as low resistivity, are observed for the mixed-oxide
film with 30% Cd. The response to interfering gas is
poor at working temperature (230 °C). On the basis of
this study, a possible sensing mechanism is proposed.

Theoretical Method for the Study of Plasmon Genera-
tion in Hybrid Multilayer-Optical Fiber Structures
Esteban O.,  Navarrete M.-C.,  Gonzalez-Cano A.   

On page(s): 53- 58

Abstract:
A theoretical method is presented for the determina-
tion of the behavior of devices based on the deposition
of multilayer structures on polished optical fibers.
Plasmon generation in metallic layers is modeled. The
method is based on the Rayleigh expansion of the elec-
tric fields and permits us to determine their distribu-
tion over the whole structure by an application of
boundary conditions. Once the distribution is known,
the power transmitted by the fiber can be computed as
a function of the geometrical and refractive parame-
ters of the device. The method is versatile and can be
used as a theoretical tool for the design of devices of
that type used for many different purposes. We present
real experimental results obtained with an operative
sensor that agree with the theoretical predictions of
our technique and prove its suitability.
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Ranking Sensors Using an Adaptive Fuzzy Logic
Algorithm
Shayer G.,  Cohen O.,  Korach E.,  Edan, Y.   

On page(s): 59- 67

Abstract:
A procedure to rank sensors according to their noise
rates was developed based on an adaptive fuzzy logic
algorithm for sensor fusion. No a priori knowledge of
the sensors performance is assumed. Simulation analy-
sis indicated 83. 33% successful ranking with noise
rates up to 50%. In an indoor experiment with a mobile
robot equipped with three logical sensors, 88% of the
rankings were correct. The ranking procedure also in-
dicates the ranking results success probability.

Higher Order Sensing Using QCM Sensor Array and
Preconcentrator With Variable Temperature
Nakamoto T.,  Sukegawa K.,  Sumitomo E.   

On page(s): 68- 74

Abstract:
We proposed the higher order sensing method using a
preconcentrator with variable temperature in combina-
tion with the quartz–crystal microbalance sensor array
to extract many features of the samples. The tempera-
ture of the preconcentrator tube packed with hydropho-
bic adsorbent was gradually raised to 200 ° . The rough
separation among the compounds along the time axis
enhanced the discrimination capability of the sensor ar-
ray system. The results of the second-order sensing, such
as images of the sensor responses and the loci on the
principal component analysis space, gave us informa-
tion about the apple flavors with different recipes.
Moreover, the low-concentration flavors, such as apple
and banana in water, were successfully discriminated
using the proposed method. It was found that the sys-
tem was robust against the sample concentration
change under the environment of the large humidity.

Evaluation of On-Line Flue Gas Measurements by
MISiCFET and Metal–Oxide Sensors in Boilers
Uneus L.,  Artursson T.,  Mattsson M.,  
Ljung P.,  Wigren R.,  Martensson P.,  
Holmberg M.,  Lundstrom I.,  Spetz A. L.   

On page(s): 75- 81

Abstract:
Metal insulator silicon carbide field-effect transistor
sensors, metal–oxide sensors, and a linear Lambda
sensor in an electronic nose was used to measure on-
line in hot flue gases from a boiler. Flue gas from a
100-MW pellets-fuelled boiler has been used to feed

the experimental setup. Several reference instruments,
which measure the flue gases in parallel to the sensor
array, are connected to the electronic nose. Data was
collected during six weeks and then evaluated. Using
principal component analysis as the data evaluation
method, different operating modes for the boiler have
been identified in the data set. The different modes
could be described in terms of high or low O

2
 and CO

concentration. Furthermore, we have shown that it
seems possible to use a sensor array to determine the
operating mode of the boiler and, by partial least-
squares models, measure the CO concentration when
the boiler operates in its optimum mode.

An Approach to Multilayer Microfluidic Systems With
Integrated Electrical, Optical, and Mechanical Func-
tionality
Han A.,  Graff M.,  Wang O.,  Frazier A. B.   

On page(s): 82- 89

Abstract:
In this paper, a general solution is presented for the
realization of microfluidic systems containing multiple
compartments with sequential functions. The ap-
proach utilizes multilayer plastic/glass/silicon micro-
fluidic system configurations with integrated electri-
cal, optical, and fluid control functionalities. The ap-
proach allows for the integration of on-column, on-
chip electrical conductivity/impedance detectors and
driving electrodes, as well as for the integration of on-
column, off-chip optical detection using resonance
light scattering. A process-compatible latex microv-
alve is demonstrated and characterized. The procedure
utilizes a novel packaging technique for realizing inte-
grated fluid and electrical interfaces between the mi-
crosystem and conventional tubing/instrumentation.
The microfluidic system demonstrated in this work
contains some of the most commonly used components
in bioanalysis systems and can be used as a platform to
fabricate more sophisticated microscale bioanalysis
systems for a variety of applications.

Multiple Sensors on Pulsed Eddy-Current Detection
for 3-D Subsurface Crack Assessment
Tian G. Y.,  Sophian A.,  Taylor D.,  Rudlin J.   

On page(s): 90- 96

Abstract:
This paper proposes the use of multiple sensors in
pulsed eddy-current detection for three-dimensional
(3-D) subsurface flaw imaging. A normalization tech-
nique has been proposed to eliminate the characteristic
variation among the Hall devices used in the probe and
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lift off effects. A principal component analysis-based
feature extraction that provides orthogonal informa-
tion for multiple sensor fusion has been introduced
and investigated. Using the features of multiple projec-
tion coefficients, 3-D surface flaws can be measured
and reconstructed. The experimental tests have illus-
trated that the proposed method has delivered more
defect information than the conventional peak value
and time for pulsed eddy-current sensors.

Evaluation of an Electronic Nose to Assess Fruit
Ripeness
Brezmes J.,  LopezFructuoso M. L.,  
Llobet E.,  Vilanova X.,  Recasens I.,  Orts J.,  
Saiz G.,  Correig X.   

On page(s): 97- 108

Abstract:
The main goal of our study was to see whether an arti-
ficial olfactory system can be used as a nondestructive

instrument to measure fruit maturity. In order to make
an objective comparison, samples measured with our
electronic nose prototype were later characterized us-
ing fruit quality techniques. The cultivars chosen for
the study were peaches, nectarines, apples, and pears.
With peaches and nectarines, a PCA analysis on the
electronic nose measurements helped to guess optimal
harvest dates that were in good agreement with the
ones obtained with fruit quality techniques. A good
correlation between sensor signals and some fruit
quality indicators was also found. With pears, the
study addressed the possibility of classifying samples
regarding their ripeness state after different cold stor-
age and shelf-life periods. A PCA analysis showed
good separation between samples measured after a
shelf-life period of seven days and samples with four or
less days. Finally, the electronic nose monitored the
shelf-life ripening of apples. A good correlation be-
tween electronic nose signals and firmness, starch in-
dex, and acidity parameters was found. These results
prove that electronic noses have the potential of be-
coming a reliable instrument to assess fruit ripeness.

Volume: 5, Issue: 2, Year: April 2005 (ISSN: 1530-437X)

A schema for generic process tomography sensors
Hoyle B. S.

On page(s): 117- 124

Abstract
A schema is introduced that aims to facilitate the wide-
spread exploitation of the science of process tomogra-
phy (PT) that promises a unique multidimensional
sensing opportunity. Although PT has been developed
to an advanced state, applications have been laborato-
ry or pilot-plant based, configured on an end-to-end
basis, and limited typically to the formation of images
that attempt to represent process contents. The schema
facilitates the fusion of multidimensional internal
process state data in terms of a model that yields di-
rectly usable process information, either for design
model confirmation or for effective plant monitoring
or control, here termed a reality visualization model
(RVM). A generic view leads to a taxonomy of process
types and their respective RVM. An illustrative exam-
ple is included and a review of typical sensor system
components is given.

Roles for magnetic resonance imaging in process
tomography
Hall L. D.

On page(s): 125- 133

Abstract
This brief article based solely on work from the au-
thor’s own studies provides a strategic overview of the
potential of magnetic resonance imaging (MRI) for
gaining insight to facets of process engineering which
involve fluids. Briefly, MRI is a noninvasive method
for quantitating in three dimensions the mass trans-
port of proton-containing fluids within vessels that are
optically opaque but transparent to radiowaves and
magnetic fields; it can also be used to map many chem-
ical processes (pH, REDOX) and the temperature of
aqueous systems. As a result it has huge potential for
biotechnology and medical engineering.
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Dual-Modality Probe for Characterization of Hetero-
geneous Mixtures
Dyakowski T.,  Hale J.,  Jaworski A.,  
White N.,  Nowakowski A.,  Meng G.,  Rwifa S.   

On page(s): 134- 138

Abstract
This paper presents a laboratory feasibility study aim-
ing at the development of a dual modality sensor for
development within an oil and gas extraction plant to
measure the composition of heterogeneous mixtures.
The technology of manufacturing the sensor is briefly
described and the preliminary measurements, conduct-
ed for mixtures of vegetable oil and saline water, using
two modalities: ultrasound and electrical, are present-
ed. The experimental results obtained from ultrasonic
measurements are compared with theoretical predic-
tions. Finally, conclusions and recommendations for
future work are presented.

Towards process tomography for monitoring pressure
filtration
York T. A.,  Davidson J. L.,  
Mazurkiewich L.,  Mann R.,  Grieve B. D.   

On page(s): 139- 152

Abstract
This paper reports on progress towards the first con-
tinuous application of electrical impedance tomogra-
phy to a production scale industrial process. It in-
cludes the design and implementation of the worlds
first certified intrinsically safe electrical tomography
system. Zener barrier (ZB) modules and intrinsically
safe relays provide electrical isolation and the instru-
ment is certified for operation in a Zone 0 environ-
ment. Two systems have been operating successfully
on production pressure filters for two years. A sensor
architecture has been implemented that is compliant
with the process such that it is not detrimental to effi-
ciency or the integrity of the associated vessel struc-
ture. The MATLAB-based EIDORS three-dimension-
al software toolkit has been employed to yield images
from simulated data. To overcome problems that arise
due to dramatic changes in the conductivity of materi-
als in the vessel during the process, a new approach is
introduced that proposes the use of dynamic sensitivi-
ty maps that evolve during the batch based on the pre-
dicted mean conductivity at each stage. Real data
present challenges due to a number of factors, notably
the ZB modules that are integral to the intrinsically
safe instrumentation. However, a simple approach to
data processing has yielded process relevant informa-
tion using real tomographic data.

Multimodality tomography for multiphase hydrocar-
bon flow measurements
Hjertaker B. T.,  Tjugum S.-A.,  
Hammer E. A.,  Johansen G. A.   

On page(s): 153- 160

Abstract
Multimodality sensing is used for monitoring of mul-
tiphase hydrocarbon flow where there is a need to
measure the quantity of oil, water and gas in a cross
section of a pipe originating from an oil well. Informa-
tion on the flow regime, i. e., the physical distribution
of the hydrocarbon production constituents in the pipe
cross section, is demanded. Expedient information
concerning the productivity of the well, i. e., the quan-
tity of oil, water and gas produced, the transport of
multiphase flow and the upstream separation process
can be provided by tomographic information. A dual
modality tomograph (DMT), consisting of capaci-
tance and gamma-ray sensors, has been developed at
the University of Bergen. Characterization of the
DMT has demonstrated feasibility in relation to the
hydrocarbon flow application, but also shortcomings
mainly relating to the performance of the capacitance
sensor in water continuous phase, and the salinity de-
pendence of the gamma-ray measurements. Research
work has been conducted to further develop the DMT
for hydrocarbon multiphase flow. The new develop-
ments include dual modality densitometry (DMD),
where both mixture density and salinity are measured,
and a water-cut independent high-frequency magnetic
field sensor.

Imaging the Continuous Conductivity Profile Within
Layered Metal Structures Using Inductance Spectros-
copy
Yin W.,  Dickinson S. J.,  Peyton A. J.   

On page(s): 161- 166

Abstract
This paper presents an inverse method for determining
the conductivity distribution of a flat, layered conduc-
tor using a multifrequency electromagnetic sensor.
Eddy-current sensors are used in a wide range of non-
destructive testing applications. Single-frequency sen-
sors are very common; however, the potential of an
eddy-current sensor with spectroscopic techniques of-
fers the ability to extract depth profiles and examine
more fully the internal structure of the test piece. In
this paper, the forward solution for a small right-cylin-
drical air-cored coil placed next to a layered conductor
is based on the analytic solution provided by the trans-
fer matrix approach. For an inverse solution, a modi-
fied Newton–Raphson method was used to adjust the
conductivity profile to fit a set of multifrequency in-
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ductances in a least-squared sense. The approximate
Jacobian matrix (sensitivity matrix) was obtained by
the perturbation method. Numerical results of the for-
ward solution are provided for cases of step, continu-
ous conductivity profiles. Good estimates for the con-
ductivity profile were obtained. Experimental eddy-
current tests are performed by taking the difference in
inductance of the coil when placed next to a reference
conductor and next to a layered conductor over the
range 100 kHz–1 MHz. Inverse results based on exper-
imental and simulated data verified this method.

Guided-path tomography sensors for nonplanar
mapping
Ozanyan K. B.,  Castillo S. G.,  Ortiz F. J. P.   

On page(s): 167- 174

Abstract
This paper introduces guided-path tomography (GPT)
as a method for imaging on nonplanar surfaces by tak-
ing measurements at their periphery. The theory and
practical implementation (hardware and software) of
GPT is illustrated in the case of temperature mapping.
The temperature distribution is obtained from dc
measurements of the temperature-induced resistance
changes (accuracy ±0. 02%) in a grid of a small number
of noninteracting transducers forming the GPT sensor.
Images of the temperature distribution around a heat-
ed tip and across a thermally nonhomogenous flow are
reconstructed using the additive algebraic reconstruc-
tion technique (AART). Results from applying several
strategies for the design of the sensor are shown and
discussed. Problems concerning the general applicabil-
ity of GPT in its variants, as well as the improvement
of its current implementation are discussed in detail
and some industrial applications of GPT temperature
mapping are suggested. It is shown that using a GPT
temperature imaging sensor it is possible to generate
Radon-transformed “phantom” data from electrical
measurements.

Scattered Gamma Radiation Utilized for Level Meas-
urements in Gravitational Separators
Holstad M. B.,  Johansen G. A.,  Jackson P.,  
Eidsnes K. S.   

On page(s): 175- 182

Abstract
In the petroleum industry, there is a great demand for
accurate level measurements and improved process
control in gas/oil/water separators. This is necessary to
optimize vessel performance, to avoid accidental oil
discharge in produced water, and to save cost and en-

vironmental hazards from excessive use of chemical
additives. It is also important to know how much sand
has built up inside the separator. Improved process
control has become more important lately due to the
increasing demand for more compact systems. This
paper presents the work done on the development of a
level monitoring system utilizing scattered gamma ra-
diation. Measurements and simulations have been
used to find which measurement geometries give the
required sensitivity and accuracy. It has been proven
that both the sensitivity and the count rate depend
strongly on the geometry of the setup and that multi-
ple-scattered radiation dominates the detected re-
sponse.

Application of conventional- and dual-energy X-ray
tomography in process engineering
Gehrke S.,  Wirth K.-E.   

On page(s): 183- 187

Abstract
For years, conventional X-ray tomography has been
used successfully to study the flow structures of verti-
cal two-phase gas-solid flows. As a result, the different
flow structures of downward- and upward-arranged
currents have been described. The additional imple-
mentation of a dual-energy technique provides the op-
portunity to investigate multiphase (three phase) sys-
tems. The dual-energy technique makes use of the ab-
sorption coefficient which varies with the material and
the X-ray energy, respectively. Applications in re-
search are, e. g., suspension bubble columns or an in-
jected liquid phase in a gas-solid fluidized bed. There-
fore, implementations of computer tomography in
process engineering are increasing.

Electrical Characteristics of Microdot Sensors for X-
Ray Imaging Applications
Cho H.,  Kim S.,  Lee B.   

On page(s): 188- 194

Abstract
In this paper, a recently interested radiation sensor op-
erating in the gas proportional mode, the so-called
microdot-typed radiation sensor, is described for inher-
ently two-dimensional (2-D) readout capability. We
present new observations and measurements realized
with the microdot-typed sensor of a 50-µm pitch, in-
cluding gas gain, rate capability, aging effect, and insen-
sitive zone. The intrinsically 2-D structure of this sensor
makes it attractive for potential applications, such as X-
ray imaging devices and tracking sensors, at colliders
for the next-generation synchrotron radiation sources.
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Efficiency and data correction for OFAPT sensors
with fiber receivers
Ozanyan K. B.,  McCann H.   

On page(s): 195- 202

Abstract
This paper addresses the problem of calculations of the
efficiency, as well as the necessary raw data correction,
essential for the design of an optically induced fluores-
cence auto-projection tomography (OFAPT) sensor
head. Instead of discretizing an analytically derived
equation, relevant to a certain symmetry, discretiza-
tion is implemented on the algorithmic level, thus de-
veloping a universal, fully numerical approach to sen-
sitivity and efficiency calculations. The algorithm is
built around the calculation of the efficiency of the flu-
orescence collection from a small discrete voxel. Fur-
ther, the contributions from all voxels, excited by the
OFAPT laser beam at a given distance from the receiv-
er’s tip, are added together, to yield the efficiency of
the sensor head. OFAPT measurements are simulated
on a 64×64 phantom and the proposed algorithm for
correction of the raw data is implemented and as-
sessed. The effect of the magnitude of the absorption
coefficient on the data, collected under certain sensor
head geometry, is studied in detail. On this basis, opti-
mal excitation beam and receiver configurations are
discussed.

Nondestructive defect identification with terahertz
time-of-flight tomography
Hua Zhong,  Jingzhou Xu,  Xu Xie,  Tao
Yuan,  Reightler R.,  Madaras E.,  Xi-Cheng Zhang

On page(s): 203- 208

Abstract
We demonstrate the application of terahertz (THz)
time-of-flight tomographic imaging to identify the dis-
tribution of defects in foam materials. Based on THz
time-domain spectroscopy technology, THz imaging
probes targets with picosecond pulses of broad-band
radiation in the frequency range from 100 GHz to 3
THz. The reflected THz wave from the target is meas-
ured using electrooptic sampling, which provides two-
dimensional images with phase and amplitude infor-
mation, as well as the spectroscopic properties of the
object. The depth information is recorded in the THz
time-domain waveform. Several reconstruction mod-
els are developed for tomographic imaging of defects
inside foam. Foam insulation of space shuttle fuel
tanks, with prebuilt defects, are investigated with THz
tomographic imaging. Most prebuilt defects are pin-
pointed and models used to identify different kinds of
defects are discussed.

Microwave polarimetry tomography of wood
Kaestner A. P.,  Baath L. B.   

On page(s): 209- 215

Abstract
In this paper, we present a new microwave-based
method to make images of fiber structure, e. g., to lo-
cate knots in wood. Evaluation of Maxwell’s equa-
tions for an electromagnetic wave propagating in an
anisotropic media (wood) shows that the polarization
of the wave depends on the local fiber orientation in
the sample. Experiments support the theoretical evalu-
ation showing that knots can be followed in images of
polarimetric parameters, reconstructed from multiple
monostatic measurements. The equipment works at
low intensity and is, therefore, virtually harmless to
human beings; furthermore, it can be made portable
and be operated by a single person.

Quasi-three-dimensional method of moments for
analyzing electromagnetic wave scattering in micro-
wave tomography systems

Jin-Lin Hu  Zhipeng Wu  McCann, H. Davis,
L. E. Cheng-Gang Xie  

On page(s): 216- 223

Abstract
A new quasi-three-dimensional method of moments
(Quasi-3-D MoM) for analyzing electromagnetic wave
scattering from a cylindrical dielectric object sur-
rounded by a dipole array in microwave tomography
systems is presented in this paper. A wire-volumetric
electric field integral equation is derived for the elec-
tromagnetic wave scattering phenomena in microwave
tomography systems. The new method is based on the
MoM and involves rectangular cylindrical cells mode-
ling the cylindrical object. The distribution of electric
flux densities along the axial direction of cylindrical
cells is expanded as a Fourier series multiplied by an
attenuation factor, which is one part of basis func-
tions. Therefore, the Quasi-3-D MoM is performed in
a two-dimensional discretization, and the computa-
tional complexity is reduced. Detailed mathematical
steps along with some numerical results are presented
to illustrate the efficacy and accuracy of this approach.

Electromagnetic Techniques for Imaging the Cross-
Section Distribution of Molten Steel Flow in the
Continuous Casting Nozzle
Ma X., Peyton A. J.,  Binns R.,  Higson S. R.   

On page(s): 224- 232

Abstract
Control of molten steel delivery through the pouring
nozzle is critical to ensure an optimum laminar flow
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pattern in continuous casting, which influences the
surface quality, cleanliness, and hence the value of the
cast product. A nonintrusive and nonhazardous visu-
alization technique, which uses rugged and noninva-
sive sensors, would be highly desirable in such harsh
industrial production environments. This paper
presents an electromagnetic approach for tomographi-
cally visualizing the molten steel distribution within a
submerged entry nozzle (SEN). The tomographic sys-
tem consists of an eight-coil sensor array, data acquisi-
tion unit, associated conditioning circuitry, and a PC
computer, which have been purposely designed and
constructed for hot trials. The paper starts with an
overview of electromagnetic imaging techniques. The
construction of the sensor array and associated elec-
tronics are then discussed, followed by sensitivity map
analysis and a description of the applied image recon-
struction algorithm. Image results, as reconstructed
from cold sample measurements and hot pilot plant
trials, are also presented. Despite a low frame acquisi-
tion rate (1. 35 s per frame), the images generated from
the prototype system are capable of providing an ade-
quate representation of the changes of real molten steel
flow profiles within the SEN. The paper demonstrates
that the application of electromagnetic tomographic
technique to this problem shows significant promise
for future industrial processes.

An AMR sensor-based measurement system for
magnetoelectrical resistivity tomography
Zimmermann E.,  Verweerd A.,  Glaas W.,  
Tillmann A.,  Kemna A.   

On page(s): 233- 241

Abstract
A magnetoelectrical resistivity measurement system is
proposed, which combines measurement of the electric
potential and the magnetic field due to a current injec-
tion into a sample. Measurement of the electric poten-
tial, as well as the injected current, is similar to tradi-
tional electrical resistivity tomography (ERT) data ac-
quisition. For the magnetic field measurements, 24
sensor modules have been developed using three com-
ponent anisotropic magnetoresistive (AMR) sensors,
mounted on a vertically moving scanning torus. The
system is designed to operate in a typical laboratory
magnetic noise environment without extensive shield-
ing. To compensate for the effects of the Earth’s mag-
netic field, the AMR sensors are operated with a field
feedback circuit. Optimal noise reduction is provided
by the use of a lock-in frequency of 25 Hz, with sine
wave modulation and measurement cycles of 10 s. The
resolution of the system is better then 50 pT and the
aimed accuracy is 0. 1%. The system provides a data
set of magnetic fields complimentary to traditional

ERT to determine the internal conductivity distribu-
tion of cylindrical samples with the dimension of 0. 1-
m radius and 0. 5-m height.

Electromagnetic Geotomography—Selection of
Measuring Frequency
Pralat A.,  Zdunek R.   

On page(s): 242- 250

Abstract
The influence of frequency on the accuracy of electro-
magnetic field distribution measurements needed for
image reconstruction is examined. Various factors
having a bearing on the choice of the optimum fre-
quency are considered for a frequency range of 0. 1–20
MHz, which is practical for geotomography. Most of
the evidence indicates that the highest possible fre-
quencies should be used, but this entails an increase in
the attenuation coefficient. The increase is not synony-
mous with a commensurate reduction in the maximum
distance from the electromagnetic field source, over
which measurements can be made. The images recon-
structed from the data measured in the area of inten-
sive mining exploration were also presented in this pa-
per. The reconstruction was performed using the one-
step-late algorithm.

Process tomography system by electrostatic charge
carried by particles
Machida M.,  Scarlett B.   

On page(s): 251- 259

Abstract
Two methods, the back-projection (BP) method and
the least-squares (LS) method, were applied to the elec-
trodynamic tomography system. Electrostatic charges
were assumed to exist in the sensing zone, and their im-
ages were reconstructed using these methods. The re-
constructed images were compared with the original
ones. The BP method is accurate in detecting the posi-
tion of the electrostatic charge and is capable of detect-
ing the size of the object. The BP method could not dis-
tinguish two charges at separate points in the sensing
zone. The LS method could differentiate two points of
charge, but the reconstructed images were of poor
quality due to the large pixel size. A reconstruction al-
gorithm combining the two methods produced better
results.
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Magnetic imaging in thin magnetic films by local
spectrometer of ferromagnetic resonance
Belyaev B. A.,  Izotov A. V.,  Leksikov A. A.,  

On page(s): 260- 267

Abstract
The automatized scanning spectrometer of ferromag-
netic resonance has been designed for measuring a dis-
tribution of in-plane magnetic anisotropy, effective
saturation magnetization, coercivity, and other per-
formances across the area of thin magnetic films
(TMFs) in a monodomain state. The spectrometer is
supplied with a set of plug-in measuring heads over-
lapping frequency band 0. 1÷6. 0 GHz. The degree of
locality of measurements in the range 0. 3÷2. 5 mm is
defined by the size of the measuring hole in the micros-
trip resonator built in the head. The signal-to-noise ra-
tio of the heads is not less than 10 for permalloy film of
100-Å thickness when the locality of measurements is
about 1 mm, and it can be increased considerably in
the signal accumulation mode. Magnetic imaging is
demonstrated with an example of purposely-stressed
TMFs.

Measurement of particle separation by magnetic
resonance imaging
Heese F.,  Acosta-Cabronero J.,  Robson P.,  
Hall L. D.,  

On page(s): 268- 272

Abstract
Magnetic resonance imaging (MRI) of water in filtra-
tion devices made from glass and/or plastic not only
visualizes in three dimensions all the structural compo-
nents, but also the time course of the particle separa-
tion process.

Quantification of fluid flow through a clinical blood
filter and kidney dialyzer using magnetic resonance
imaging
Heese F.,  Robson P.,  Hall L. D.   

On page(s): 273- 276

Abstract
This paper demonstrates that magnetic resonance im-
aging can be used to visualize the internal structures
and measure the flow velocity field within medical de-
vices which are designed for clinical use (e. g., blood
filters) or patient care (e. g., kidney dialyzers). Impor-
tantly, both the physical structure of and the flow
field in such devices can be quantified in three dimen-
sions.

Visualization of air bubbles by magnetic resonance
imaging
Heese F.,  Robson P.,  Hall L. D.   

On page(s): 277- 280

Abstract
Magnetic resonance imaging (MRI) of water can be
used to locate and measure air bubbles inside complex
fluid-processing equipment, such as water filters,
blood filters, and kidney dialysis modules. Important-
ly, not only can the bubble itself be studied, but it is
also possible to investigate the effect of the bubble on
the proper functioning of the item of the equipment in
question.

Design of high-performance photodiode receivers for
optical tomography
Wright P.,  Ozanyan K. B.,  Carey S. J.,  McCann H.

On page(s): 281- 288

Abstract
The design of instrumentation hardware for tomo-
graphic systems must take careful account of measure-
ment noise. This is especially true in near-infrared ab-
sorption tomography, where the signal of interest is
typically only a few percent of the total signal at the
detector, and the available optical power may have to
be shared among many measurement channels. In this
paper, the monitoring of photodiodes in near-IR ab-
sorption tomography is examined in detail, but much
of the material is applicable at wavelengths ranging
from the UV to beyond 2. 5 µm. The authors’ applica-
tion involves the frequency region 50 kHz to 2 MHz,
which lies above that utilized in the majority of radio-
metric sensing systems, yet substantially below tele-
coms bit rates. The problem is further distinguished by
the use of phase-sensitive detection schemes, which
make local noise density more relevant than wideband
noise performance and relax the requirement for dc
precision. Alternative transimpedance circuit configu-
rations, including both single-ended and differential
topologies, are analyzed with a view to optimization of
the signal-to-noise ratio. Typical values of photodiode
capacitance and shunt resistance are shown to result in
significant noise gain, greatly increasing the impor-
tance of amplifier voltage noise relative to other intrin-
sic noise sources. It is shown that for applications of
this type, viable alternatives to the traditionally domi-
nant FET amplifier do exist. The relative susceptibility
to coupled interference is also considered. The results
of practical tests, involving class-leading operational
amplifiers, are presented to support the analyses.
These results also underline the need for careful circuit
layout and shielding if the capabilities of these devices
are to be fully exploited.

Sensor Electronics and Microsystem Technologies. 2/2005
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A High-Performance EIT System
Wang M.,  Ma Y.,  Holliday N.,  Dai Y.,  
Williams R. A.,  Lucas G.   

On page(s): 289- 299

Abstract
This paper presents the development of a new electrical
impedance tomography system for online measure-
ment of two-phase flows with axial velocities up to
10 ms–1. The system is designed in a modular fashion
and can consist of several data acquisition modules
and computing modules. The data acquisition module
includes a voltage controlled current source with a di-
rect-current-restoration circuit, an equal-width pulse
synthesizer unit and a synchronized digital demodula-
tion unit. A new concept of current switching scheme is
developed to enhance the ac coupling speed. The com-
puting module includes a digital signal processor
(TMS320C6202/6713) with memory, multichannel
buffered serial ports and an IEEE1394 communication
interface. Several DSP modules can be pipelined for a
series of tasks ranging from measurement control to
image reconstruction to flow velocity implementation.
The performances have been tested and some trial re-
sults are reported. A data acquisition speed of 1164
dual-frames (2. 383 million data points) per second has
been achieved with a root mean square error less than
0. 6% at 80 kHz in static test application. An applica-
tion in the measurement of vertical oil-in-water pipe
flow is reported.

A 1000-measurement frames/second ERT data capture
system with real-time visualization
Wilkinson A. J.,  Randall E. W.,  Cilliers J.
J.,  Durrett D. R.,  Naidoo T.,  Long T.   

On page(s): 300- 307

Abstract
This paper describes the design of a 16-electrode high-
speed (1000 frames/s) electrical resistance tomography
system with real-time visualization. The instrument uti-
lizes a switched dc current pulse technique in conjunc-
tion with parallel data acquisition to achieve the high-
data capture rates. The reconstruct algorithm is imple-
mented using a single iteration Newton-Raphson meth-
od, which executes in under 1 ms. Data sets are present-
ed that verify its operation. A calibration technique is
described which improves the sensitivity of the current
pulse measuring system and allows phenomena such as
the dynamics of nonuniform slurries and gas distribu-
tion in aeration systems to be investigated. Further-
more, the calibration scheme described compensates
significantly for the effect of impellers and baffles
present in the measuring tank and allows more accurate
reconstructions to be performed in the areas of interest.

A high-speed data acquisition system for ECT based on
the differential sampling method
Baoliang Wang,  Haifeng Ji,
Zhiyao Huang,  Haiqing Li  

On page(s): 308- 312

Abstract
A new capacitance measuring circuit based on differ-
ential sampling methods for electrical capacitance to-
mography has been developed. The measured capaci-
tance is only charged and discharged once and no noise
is created by the measurement principle. A capacitance
measurement system for 12 electrodes is constructed
based on the new measurement circuit. Test results
show the data acquisition time for 66 capacitances (for
reconstructing one image) is less than 1. 25 ms.

Electrical Impedance Imaging of Binary Mixtures
With Boundary Estimation Approach Based on Multi-
layer Neural Network
Jeon H. J.,  Kim J. H.,  Choi B. Y.,  Kim K. Y.,  
Kim M. C.,  Kim S.   

On page(s): 313- 320

Abstract
This paper presents a boundary estimation approach
in electrical impedance imaging for binary-mixture
fields based on multilayer neural network. The interfa-
cial boundaries are expressed with the truncated Fou-
rier series and the unknown Fourier coefficients are es-
timated with the multilayer neural network. Results
from numerical experiments show that the proposed
approach is insensitive to the measurement noise and
has a good possibility in the visualization of binary
mixtures for a real time monitoring.

Transient Processes and Noise in a Tomography
System: An Analytical Case Study
Gonzalez-Nakazawa A.,  Gamio J. C.,  Yang W.   

On page(s): 321- 329

Abstract
This paper presents an analysis and optimization of an
ac-based electric capacitance tomography system. The
existing system can capture image data up to 250 frames/
s. However, even higher acquisition rates, say 2000
frames/s are desirable for some applications. To optimize
the system design, a transient process analysis is per-
formed for every analog stage to determine the settling
time and an approach is suggested to minimize it. Noise
analysis is also performed to ensure that the signal-to-
noise ratio of the system does not degrade. In both cases,
results are validated by simulation using PSpice and/or
by experiment, showing that the settling time of the over-
all system could be reduced from 4. 4 to 1 ms, offering a
faster data acquisition rate of 1000 frames/s.
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