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Abstract

Conventional methods previously guided reading meter to monitor the process and steps must be taken to
interpret the readings and what need to adjustment be implemented. With the use of the method
tomography, imaging process that displays the contents of the flow in the pipe or vessel during the process
of giving analysts in real time quickly. By so corrective action can be done at a fast rate. The image will
be formed from the trajectory of the object or sensor plane passing through the tomographic system. Use
tomography method can be adapted to the process or the materials to be monitored. This paper examines
the use of tomography in medical and industrial sectors. For use in the medical field such as looking at the
structure of tissue in the body, can be used to detect cancerous elements tomography method comprising
the X-ray, optical coherence tomography (OCT), Positron Emission Tomography (PET), Magnetic
Resonance Imaging (MRI), and ultrasound. The industrial sector consists of Optical Coherence
Tomography (OCT), Electrical Impedance Tomography (EIT), Electrical Resistance Tomography (ERT),
optical Capacitance Tomography (ECT), and Tomography Ultrasonic (UT). This paper discusses the role,
the use of concepts, basic design and development impact of the results of research conducted by previous
researchers.

T ¥
>
8

- Array Processor
- Linatron [ - Hard Disk Stack
-420(eV Tube Magnetic Tape Drive
-320KeV Tube - Optical Disk
-150KeV Tube * - System Software
- Power Supplies @ - High Resolution
- Coolant Tank Viewer

- Interlock Feedback, - Colour Printer
Monitoring & Control

1.0 INTRODUCTION

Tomography is a method of producing a desired image after
carrying out a monitoring process on a solid object, such as in
industry or in soft tissues such as the human body, with a view
to displaying images of either a 2D or a 3D internal structure by
observing and recording the difference in the effect on the
circulation of energy waves of the structure to be monitored [1]
or a technique for displaying a representation of a cross-section
through a human body or other solid object using X-rays or
ultrasound [2]. According to the Oxford English Dictionary, it is
defined as radiography in which an image of a predetermined
plane in the body or other object is obtained by rotating the
detector and the source of radiation in such a way that points
outside the plane give a blurred image. Also, in extended use, it
includes any analogous technique using other forms of radiation.

There are also some previous tomography as radiological
techniques to obtain a clear picture of the internal structure of a
particular part of the human body. This view is seen as a support
to the conventional techniques used, namely X-ray. The
interpretation of the resulting image through this process reflects

Keywords: Tomography concept; operation; application medical and industrial sector

© 2015 Penerbit UTM Press. All rights reserved.

the layer structure of the internal organs of the human body
escape. However, there are clear differences in the use of X-ray
in early stage prior to arrival upgraded techniques such as
Computer Tomography (CT), now renamed tomography.

Tomography in culture means a procedure by which waves
are sent through an object and a computer produces an image of
cross-sections of the object by using information on how the
waves are changed. Both ultrasound and CAT scans are medical
uses of this technique, but it is also widely used in science and
industry [3].

The word "tomography" is derived from the Greek word
“tomos”, meaning phenomenon described soiled image of the
cross section of the object. The internal structure of an object
displayed on the various elements of photons or particles that
can penetrate the object and continue to analyse the purpose of
obtaining a description of the monitoring signal detector
mounted on the monitoring point at which the process is
operating systems [4].

Tomography system consists of several basic processes: the
detector block that receives data from the sensors, controllers,
which maintains data sources, and processing components
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where the signals received from the raw data is converted to
digital signals by the use of appropriate algorithms, processing
block using computer support to form a CT scan was developed.

Preliminary findings radiography technology in 1895 when
Roentgen accidentally discovered X-ray image of the hand of
his wife, Bertha. Imaging produces structural his wife's hand
and looked image can be seen on the display ring is formed.

However, there are two types of field tomography: 'hard
field' and 'soft field' [6]. Hard field means that regardless of the
type of material or medium, the direction of travel of the wave
energy from the power source is constant. Examples of hard-
field tomography are X-ray Micro Tomography (XMT),
Magnetic Resonance Imaging (MRI), and Positron Emission
Tomography (PET).

In soft-field tomography, an electric current is introduced
into the imaging medium and the electric field distribution is
determined by the physical properties of the electrical materials,
in order a map of the resistance, capacitance, or impedance can
be reconstructed by a computer to form the tomogram [7]. Soft
field characteristics are more complex compared to the nature of
hard-areas, and much more analysis and computer algorithms
are required to reconstruct the image [8], especially with regard
to the image-reconstruction algorithm, due to its non-linear
form. Examples of soft-field tomography are Electrical
Resistance Tomography (ERT), Electrical Capacitance
Tomography (ECT), Electrical Impedance Tomography (EIT),
and Magnetic Induction Tomography (MIT). Main difference
between the two types of tomography for soft-field on emitting
tomography did not follow the pattern of straight lines, and
distribution of the signal depends on the type of excitation
source.

H2.0 DEVELOPMENT OF
APPLICATION IN MEDICAL

TOMOGRAPHY

The ability to access information on the human body has led to
many useful clinical applications. Over the years, different
modalities of medical imaging have been developed, each with
its advantages and disadvantages.

2.1 X-ray

In 1895, the German physicist Wilhelm Roentgen made the
discovery of an electron beam in a gas discharge tube. Roentgen
found that the fluorescent screen in his lab began to shine when
the electron beam was turned on [9]. Significant events for the
world of imaging starts here.

X-ray technology makes it possible to look straight through
human tissue to check for broken bones, tooth decay, and
swallowed objects with ease. With the development of this
concept, X-rays are widely used to examine the soft tissues,
such as the lungs, blood vessels, or intestines.

X-rays are essentially electromagnetic energy carried by
particles called photons. The difference between X-rays and
visible light rays is the energy level of individual photons,
which is also described as the wavelength of radiation. The
human eye is sensitive to a specific wavelength that is visible,
but not to shorter wavelengths of higher energy.

Both photons of visible light and X-ray photons are
generated by the motion of electrons in the atom. Electrons
occupy different energy levels, or orbitals, around the nucleus of
an atom. When the electrons fall into a lower orbital, which is
necessary to release some energy, extra energy is released in the
form of photons. The photon energy level depends on the extent
to which the electrons fall between orbitals [10].

When a photon collides with an atom, the atom can absorb the
photon's energy by boosting an electron to a higher level. For
this to happen, the photon energy level has to match the energy
difference between the two positions of the electron. If not, the
photon cannot switch between the orbital electrons. The atoms
that make up the body tissues absorb photons of visible light
very well. Photon energy levels correspond to various energy
differences between the positions of the electron.

An X-ray machine is a pair of electrodes consisting of a
cathode and an anode in a glass vacuum tube as shown in Figure
1. The cathode is a heated filament. Heat sputters electrons off
the surface of the filament. Positively charged anode consists of
a flat disc made of tungsten, which stimulate electrons in the
tube. The voltage difference between the cathode and the anode
is very high, so energetic electrons fly through the tube.
Speeding electrons collide with atoms of tungsten to a lower
atomic orbitals. Electrons in higher orbitals immediately fall to a
lower energy level, releasing additional energy in the form of
photons. Impairment forming a high energy value is then
generated from the X-ray photons. Free electrons can also
generate photons without hitting an atom. The atomic nucleus
can attract electrons quickly enough to change their course. Like
a comet whipping around the sun, with the slow movement of
electrons with different directions so given way to atomic
elements.

Rotating anode Tungsten target Stator

Ball races
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Figure 1 Building an X-ray glass vacuum tube [10]

X-ray applications that are implemented as usual will
suffer from rather vague imaging, as most soft tissue cannot be
seen clearly. To focus in on organs or to check the blood vessels
that make up the circulatory system, there is a method of
introducing a contrast medium inserted into the body. A contrast
medium is a liquid that absorbs X-rays more effectively than the
surrounding tissue. To bring the organs in the digestive and
endocrine system into focus, the patient will swallow a mixture
of contrast medium, usually barium compounds [11, 12]. To
examine blood vessels or other elements in the circulatory
system, the contrast medium will be injected into the patient's
bloodstream. The contrast medium is often used in conjunction
with a fluoroscope. In fluoroscopy, X-rays pass through the
body to a fluorescent screen, creating a moving X-ray image.
Doctors may use fluoroscopy to detect the path of contrast
media through the body. Doctors can also record moving X-ray
images on film or video via technology to combine process in
digital form named CT scanning.

High-impact collisions involved in the production of X-
rays produce a lot of heat. A part of motor to rotates the anode
to prevent melting as a result of the electron beam focusing on
one area. During the imaging process, almost the entire area is
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surrounded by a shield to prevent light coming out of a small
area in the shielding process. A window allows part of the X-ray
photons to escape in a narrow beam. The beam is transmitted
through a series of filters to the object/body in the browser. The
images are produced in the form of a 2D representation, and the
display of the results is called radiography [13]. The dark areas
represent less dense structures which allow radiation to pass
through, when a white image is displayed showing the structure
of compact bone, as shown in Figure 2.
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Figure 2 A typical X-ray radiograph of the chest, in which the regions
of bone are reflected in white [14]

An X-ray radiation effect due to ionizing radiation interacts
with the process. When ordinary light hits an atom, it cannot
change the atom in any significant way. But when an X-ray hits
an atom, it can knock electrons off it to create ions, which are
electrically charged particles. Free electrons then collide with
other atoms to create more ions. The ions’ electric charge can
lead to chemical reactions within the cells. Among other things,
charges can break DNA chains [15]. Cell DNA will either die or
the DNA will develop a mutation. When cells are exposed to the
body can cause various diseases. If DNA mutates, cells can
become cancerous, and this cancer can spread. If the mutation is
present in the sperm or egg cell, it can cause birth defects. Be of
interest to reduce resource limited exposure to the patient or the
system operator.

Optical Coherence Tomography (OCT) is a system that
uses the concept of barriers in light sensor and transmitter if it
exists hindered depending on the sensor signal receiver,
however operating at rated micrometer resolution. "Coherence"
means it uses broadband light source emitted during the
process/object through time and if there is a difference in value
of the transmitter received by the receiver then the coherence of
the light sensor is produced depending on the original coherence
of the emitted light. The basic building structure consists of two
arms of the sample arm and the reference arm. The combination
between the two arms was compared across the interference
pattern of light received by the sensor receiver, there is the use
of the scanning mirror in the reference arm, the sample
reflectance profiles available to work with time-domain OCT
[15]. This scan to get information about the dimensions and
structure of the object being monitored. A cross-section can be
achieved by combining the depth of the scan in the series axis.
Obtained depending on the depth of the imaging process used.

In a conventional interferometer (laser interferometer), light
interference occurring over a distance of a meter is reduced to a
range of micrometers, and the use of broadband light source can
emit light with high speed [16]. A large bandwidth can be
produced using a Superluminescent Light Emitting Diode
(SLED) or a laser with a short pulse and femtosecond laser. The
quality images produced depends on the sensor selected to

contribute to the OPV laser source 302, 650 nm, in previous
studies, there are four types of photodiode: i) Hamamatsu 597,
ii) Hamamatsu 5972, iii) Centronic BPX65, and finally iv)
Epigap EPD-660-5. From observation and tests conducted by
previous researchers, the sensor selected was the Epigap EPD-
660-5 [17]. Type of sensor arrangement method can categories
into a two main types: i) parallel beam mode, where the sensor
is placed on a one-to-one basis, and ii) fan beam mode, where
all sensor activate in wide beams angle, which can provide
various projections, but this method provides a critical delay
detection period [18].

Optical fibre and parallel modes [19] are a method used to
measure the different materials apply to size of pipe diameter 81
mm, quartz halogen to a single source. Use of a Light Emitting
Diode (LED) light source and receiver lead photodiode signal,
with a set of 16 pairs in the medium term projections are
arranged on two sided [20]. The application of a LED sensor
element has been used as a source and as a lead photodiode
receiver [21].

Issues arise in the degradation of the accuracy of the
system and there is also the issue of collimating light, where the
problem is relatively low speeds period to get the source data in
real-time. Previous research used 32 sets of sensors [22], but the
modification used 38 transmitters for a total of 76 units with 35
cm projection as the light source. Testing conducted by the
researchers found that the monitoring system for air bubbles of
1-10 mm with a metric number of 11/min and there was also a
decision until 15-20 mm metric tracked by the number of
31/min [23]. In addition, the use of an infrared LED with a
parallel beam mode used by researchers using emitter LED type
TEMIC Semiconductor (TSUS4300) in any wavelength
between 900 nm and 1000 nm with a peak wavelength of 950
nm [24]. The infrared signal receiver used a TEFT4300 type
phototransistor [25]. It also uses an infrared LED with fan beam
mode to support infrared transmitter coupled to optical fibers of
SFH 484-2 has a wavelength of 880 nm [26] and a small radius
of the radiation angle of 16 inches.

Accidents test phase in which the absorption of light solid
material by the object and effect of light diffraction and
scattering were ignored. Method apply for fan switch-mode
beam, multiplexing is used and the overall receiver signal
corresponding to each multiplexing resource with sensor
configuration found for fan beam projection method in which
the transmitter and receiver are arranged alternately. This study
aimed to achieve a high data acquisition rate.

2.2 Positron Emission Tomography

One use of radiological procedures for examining tissues in the
medical sector is Positron Emission Tomography (PET). This
system is a type of nuclear medicine procedure [27]. This means
that a small amount of a radioactive substance, called a
radionuclide or by its scientific name, a radiopharmaceutical or
radioactive tracer, is used to assist in the examination of a tissue
sample. Specifically, PET studies evaluate the metabolism of a
particular organ or tissue so that information about the
physiological function and anatomy of organs can be assessed in
addition to knowing the biochemical properties of the object on
the monitor.

PET is also used together with other diagnostic tests such
as CT to provide clearer information about malignant
(cancerous) tumors and other lesions. However, the cost of the
equipment used is very expensive. A new technology system
called a gamma camera, where a device is used to scan patients
who have been injected with a radionuclide, and are being used
with other nuclear medicine procedures are being adapted for
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use in PET image procedures. A gamma camera system can
complete a scan more quickly, and at less cost, than a traditional
PET scan.

The PET scanner function uses the device to detect
positrons (subatomic particles) emitted by the radionuclide in
the organ or tissue being examined. The radionuclide used in
PET scans made by a radioactive atom acts to chemicals
naturally by the particular organ or tissue during metabolic
processes. For example, in a brain PET scan, a radioactive atom
used a glucose (blood sugar) to create a radionuclide called
Fluoro Deoxy Glucose (FDG), because the brain uses glucose
for metabolism. FDG is widely used in PET scans. A
radionuclide element is a substance consisting of radioactive
oxygen, carbon, nitrogen, or gallium [28]. This radionuclide is
administered into a vein intravenously (IV). Next, the PET
scanner slowly moves into parts of the body and the results of
positrons emitted by the breakdown of the radionuclide are
examined. Process begins in gamma rays produced during
positron emission, and the scanner then detects the gamma rays.
An algorithm run on a computer is then used to analyse the raw
source of gamma rays and the information received is used to
create an image map of the organ or tissue being studied. The
number of radionuclides collected in the tissue affects to imaged
tissues are displayed, thereby indicating the status of the organ
or tissue function.

2.3 Magnetic Resonance Imaging

Magnetic Resonance Imaging (MRI) techniques are a method of
using the principle of Nuclear Magnetic Resonance (NMR)
spectroscopy to support researchers in determining weather
information is related to the physical properties of molecules or
microscopic chemical data. This technique was introduced by
Felix Bloch and Edward Purcell, who were both awarded the
Nobel Prize in 1952. In the period between 1950 and 1970,
NMR was developed and used for chemical analysis for
physical molecules.

While Paul Lauterbur was test a small sample tubes rear
projection matching technique in which if examined whether the
use of CT. In 1975, Richard Ernst [29] suggested the use of
phase and frequency encoding and Fourier Transform in
resonance imaging. Imaging with video display with a speed of
30 ms /image [30] was developed by Peter Mansfield with a
combination of echo-planar imaging (EPI). Another
aachievement by Edelstein in 1986, the imaging process less
than five minutes to a level of resolution of up to 10 m/cm of
sample. The original concept of echo-planar imaging was
originally used by Charles Dumoulin used Magnetic Resonance
Angiography (MRA) complement the intended use of imaging
blood flow. Exogenous contrast agents can be administered
intravenously, orally, or intra-particularly [31].

MRI is an imaging technique tomogram in a sheet by
layers image; refer to Figure 3 which has a thickness of each
slice images on a scan process. Each image average of 2.0 mm
volume elements and each element in the picture is called a
pixel, where the light intensity of the Nuclear Magnetic
Resonance (NMR) signal is equal to the number of elements of
the image.

Thickness of each image slice Deletion of some part of imaged
on a scan anatomical pieces

Pixel

Several volume elements or The intensity of a pixel is
‘voxels’ proportional to the NMR signal

Figure 3 Basic process of tomographic imaging by MRI [31]

The elements in the human body are physically composed
of fat and water, which consists of 63% hydrogen atoms [32]
(see Figure 4). The nucleus hydrogen consists of NMR signals.
While the image voxel human body contains tissue and if the
cell is magnified there is a water molecule. The water molecule
is made up of oxygen and hydrogen, and thus the hydrogen
nucleus is magnified, it can be seen that it consists of a single
proton which can be considered as a small magnetic field and
can generate NMR signals.

Magnification of a voxel reveals Each cell contains water
cells o molecules

A water molecule has one oxygen
and two hydrogen atoms

Part of the water molecule

Magnification of the hydrogen
atoms

Small magnetic field

Figure 4 Microscopic property responsible for MRI [32]
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This upgrades implemented for classification MRI; for example
angiography is the imaging of blood flow in the arteries and
veins in the body. While the use of CT, angiography is done by
introducing X-ray-opaque dye into the human body and creating
X-ray images. The use of MRI can produce images of blood
vessels in the body. However this technique cannot distinguish
between flowing and static blood. Therefore the techniques are
inadequate for imaging blood circulation problems. MRA in the
exposure of other image results from the bloodstream. The
intensity of these images is proportional to the flow velocity.
There are three general types of MRA, time-of-flight [33], phase
contrast angiography, and contrast enhanced angiography [34].

The method uses a spin-echo sequence in which the
selected pieces’ 90° and 180° pulses have different frequencies,
with a 90° rotation angle stimulating the pulse in one plane, and
a 180° angle of rotation stimulating the pulse in the other plane.
If there is no flow, no signal can be seen both 90° and 180°
pulses. When blood does not flow into the heart at 90° and 180°
pulses, no echo is observed. If the location of the pieces in the
180° pulse is now changed to match the location of the blood
pulse 90° only blood that will contribute to the signal echo.
Phase angiography is a little more complicated. The first new
concept is a bipolar magnetic field gradient (GBP) pulse. A
bipolar gradient pulse is one in which the gradient is turned in
one direction for a period of time and then turned to opposite
direction at the same time. A positive bipolar gradient pulse has
the positive lobe first and a negative bipolar gradient pulse has
the negative lobe first. The area under the first lobe of the
gradient pulse must be equal to the second. A bipolar gradient
pulse has no net effect on stationary rotation. Spins which have
a velocity component in the direction of the gradient will be
implemented by the bipolar gradient pulse.

2.4 Ultrasound Imaging

Ultrasound has been used to image human bodies; it is portable,
free of radiation risk, and relatively inexpensive when compared
with other imaging modalities such as MRI and CT. The images
can be acquired in ‘real time’, thus providing instantaneous
visual guidance for many interventional procedures including
those for regional an aesthesia and pain management.

The process involves sending a small pulse echo from the
transducer into the body. Ultrasound waves penetrate body
tissues across different acoustic impedances during the scanning
process; these are reflected back to the transducer in the form of
an echo signal and some of them continue to penetrate the
deeper parts. The echo signal is returned from the plane through
the process of successive pulses and is coupled to the imaging
process. The basic concept is that an ultrasound transducer
functions as a transmitter that is assigned to generate sound
waves, and the sound waves are received in the same way as a
microphone receives a signal. An ultrasound pulse is actually
quite short, but because it crosses a straight path, it is often
referred to as an ultrasound beam. The direction of ultrasound
propagation along the beam line is called the axial direction, and
the direction in the plane perpendicular to the axis of the image
is called the lateral direction [35].

The ultrasound transducer is designed using a probe
containing various piezoelectric crystals which vibrate in
response to an electrical current. This phenomenon, called the
piezoelectric effect, was originally described by cutting a piece
of quartz to mechanical stress generates an electrical charge on
the surface [40]. The crossed to recipient any function that
causes the quartz vibration signal [36] to generate electric
effects. The sound waves received are measured in units of

cycles per second or hertz, while the wavelength is measured in
millimeters and the amplitude is measured in decibels.

Organs of the human body that contain air, such as the
lungs, heart, and so on, have the lowest acoustic impedance,
while solid organs such as bone have a high acoustic impedance
(Table 2.1). The echo intensity is proportional to the difference
in acoustic impedance between the two media. If two tissues
have similar acoustic impedances, then then there is a difference
in the results echo scanning. A soft tissue in the human body has
the same acoustic impedance and usually produces a low echo
intensity [37].

Ultrasound operation is a reflex process of sound energy
emitted by the transducer and returned in the form of an echo on
the sensor receiver. Reverse echo is called specular reflection,
and the intensity of the echo produced is proportional to the
gradient of the acoustic impedance between the two media. If
the echo signal collision on linear beam angle of 90°, almost all
the echoes generated will be returned to the transducer,
therefore the beam angle as a factor affecting the amount of the
echo signal. Refraction refers to a change in the direction of
sound transmission after reaching the interface between two
tissues with different speeds of sound transmission. In this case,
the frequency of the sound has been set, the change in
wavelength accommodate differences in transmission speed of
sound in both tissues.

The difference can be seen at the speed of sound is
refracted around 1450 m /s for low-fat imaging limits, while the
speed of 1.540 m/ s in soft tissues [38]. Number of refraction to
obtain these results is often used at the intersection of the rectus
abdominal muscles and the abdominal wall fat. The result is
duplication of structures of the deep abdomen and pelvis seen
when scanning through the midline of the abdomen. This is one
of the reasons why ultrasound is often used to scan the contents
of the uterus.

The results of ultrasound pulses reflector smaller than the
wavelength of ultrasound, this issue is identified as a rough
surface tissue cells. In this case, the echo is reflected through
various angles leading to a reduction in the intensity of the echo.
However, the positive results of the deployment of multiple
echoes return to the transducer regardless of the angle of the
incident pulse. Most biological tissues appear in the image as if
they were full of small scattering structures. Speckle signal
which provides a texture that can be seen in organs such as the
liver or muscle is the result of multiple echoes received is
displayed.

Thus the advantages are that the system is portable, secure,
and results in real-time feedback. The need to improve the
image quality and resolution so that it can be implemented
continuously used in many areas of medical diagnostic imaging
applications beyond the traditional.

W30 DEVELOPMENT OF TOMOGRAPHY IN
INDUSTRY

Industrial Process Tomography (IPT) is the equivalent imaging
process used in a wide variety of industrial applications. IPT is a
relatively new process and is currently still in an early stage of
development. It does however offer many important solutions
for the monitoring of industrial processes in a non-destructive
and non-invasive manner, allowing for the monitoring of
chemical processes in order to improve product yield and
quality [39].

IPT is not detrimental to the operation process or materials.
Use of IPT as a support to the monitoring process is operating
and these effects provide a rapid response and dynamic
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supervision system. For example, on-line control can detect
weaknesses that process works. Tomography method in
monitoring systems using electrical signals for imaging
purposes. A system block diagram is shown in Figure 5. This
test method can be used to verify tolerances, to determine
relative material densities, to locate inclusions or defects, and to
measure the extent of erosion and ablation in composite
materials [40].
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Figure 5 Advanced computed X-ray tomography basic system block
diagram [40]

3.1 Electrical Capacitance Tomography

ECT application has previously been used in studies for the
analysis of cell survival and is widely used in the industrial
sector. Electrical Capacitance Tomography (ECT) is a non-
invasive method used to obtain the spatial permittivity
distribution within Regions of Interest (ROI), which often refers
to the interior of closed pipes. The principle is based on the
measurement of the capacitances between electrodes located on
the exterior of the region of interest. Reviewing the internal
distribution of transparency requires a pictorial representation of
the transparency obtained by constructing an image. Images can
be constructed by obtaining the prior signals between the
capacitor electrodes on the vessel equipped with a capacitive
sensor.

ECT can be divided into three groups. The first consists of
the capacitance sensor consisting of a variety of electrodes
attached to the side of the pipe serves as a capacitive sensor
signal changes. The second group includes the unit capacitance
for obtaining and processing the signals from the sensor
capacitance measurements. At the end of the process, computer
control is used to reconstruct and display an image of the
transparency distribution using data obtained with various
techniques and design options to monitor and control processes
that occur in the pipe.

Sensitivity curve was determined using sensors built. This
is because changes in plane distance sensor electrode as one
source stu to control sensitivity. The wavelength can be
controlled by changing the rate sensitivity of the sensor. When it

is necessary to amplify the signal, the distance between the
sensor and the sample needs to be adjusted. Measures to avoid
the occurrence of ground loops or stray capacitance between the
control electrode connection need additional function detects
noise tolerance. For the control period is the frequency imaging
plays an important role [41].

In an effort to increase the effectiveness of the system is
the use of ECT sensor for imaging materials, materials used in
the frame, pipes and parts, for example polymer composite
insulators [42] or saline gel. Limit the size needed depends on
the image to be displayed [43]. Whether the position sensor is
placed on the interior / relationship with the object or the outer
pipe. Decisions rendered image is not affected by extreme
temperatures; however, exposure to corrosive effects remain in
force during the process is operating. Use of sensor / electrode
also confirmed if the outside of the pipe material is made up of
materials [44] insulation. High temperature and pressure in this
industry is an example of the process flow around a temperature
of 300 °C [45] and pressurized at 150 B [46]. These factors
accounted for the pipe diameter is 32 mm.

Minimum axial length of the electrodes is 3.5 cm when
using 8-electrode sensor or 7.0 cm if using a 12-electrode
sensor. The electrode is made of copper foil and is constructed
following Figure 6. Electrode position in radials, can affect the
dynamic range for capacitance reduction, in addition to
difficulties in data acquisition, although sensitivity increases
example diameter between ECT 1-4 inch (2.5cm-10 cm) [47].
Finite Element Model studies of sensors [48-50] were
conducted to analysis the effect of radial electrodes on the
capacitance and width sensitivity coverage (Table 1).

external screen

L

pipe wall

><

axial guards < L radial guards

=t

electrodes <=1

Figure 6 Copper foil and the shielding electrode comprise a shielding
cover and radial electrodes [50]

The number of electrodes used also determines the
resolution of the whole system. In past research applications, 8—
12 electrodes are used for a single plane [51].

Table 1 Relationship with an appropriate number of electrodes
monitoring process ECT [51]

No Number of
Independent Application
measurements

6 15 Visualization of combustion flame in an
engine cylinder with an attempt to achive
36,000 frames per second

8 28 Imaging of a wet gas separator

12 66 Measuring three-element gas—oil-water
flow

16 120 Imaging of nylon polymerization process
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The most commonly used ECT sensor diameter size is 4 inches
(~10 cm). There is also using 5 cm but the number of electrodes
used for the network of 12 independent measurements with
values between 0.5 pF, this means that a smaller diameter, the
length of the electrode will be reduced [52].

All materials have an electrical capacitance. This is the
material's ability to hold an electrical charge. With sensors
placed around the container, we can ‘see’ the different levels
belonging to different materials in the container. Information
from the sensor as input to a computer for processing, and
processed raw data into visual images so that the capacitance
can be interpreted directly.

3.2 Electrical Impedance

Electrical Impedance Tomography (EIT) is a non-invasive
technique used to scan the material that is monitored by a sensor
electrode on the surface of the material and vary the voltage
generated is used for image reconstruction process. Imaging is
generated by the electrical properties of different materials in
the objects, especially the conductivity of the photons inside
materials [53-55]. EIT does not use harmful radiation. The most
important part of the EIT is the current source power supply
(AC). To achieve high resolution image [56], the situation is
more stable and continuing the same magnitude and the
frequency domain [57, 58] suitable. Use of this system to be
subject to the electrode is connected to the scan by measuring
the voltage between the electrodes of different arrays. Usually
the magnitude of the current is 500 pA, the frequency range is
from 100 Hz to 1 MHz [59, 60], and the load resistance is
between 200 Q and 2 kQ [61]. The security system used by the
International Electrotechnical Commission and the American
Standards Institute determines a safe time limit for the
equipment to be 100 pA (rms)/kHz [62].

EIT method consists of two parts, the first data acquisition
hardware is located on the border of the electrode surface. The
second part is the signal generator to inject a signal monitoring
on objects intersect. Multiplex signal converter with
demodulation is used to measure the voltage induced on the
surface. Analogue Digital Converter (ADC) serves as a filter is
used to avoid the effect of noise on the analogue signal and
analogue signal processed by computer for imaging purposes.
Signal generator is used [69] to change the output voltage.
Operational Amplifier (Op-Amp) is used as a current converter
and generate value for the variable low frequency up to 15 kHz.
This experiment was performed at 1.3 kHz using 16 silver
electrodes placed at equal intervals and detected non-conducting
and conducting objects like clay and a copper spindle in a
normal saline solution. The current is injected through two
adjacent electrodes and the voltages are measured in at every
consecutive pair of electrodes. The output data sets are used to
reconstruct the density distribution in the closed voltage
phantom. However, the resolution of EIT is poor. The
performance of an EIT system can be improved by using a
larger number of electrodes and increasing the circumference of
the phantom. The size of the electrode can be upgraded to the
optimum one to achieve the best resolution. More electrodes
will offer better spatial resolution, but the previous research
found that 16 is the optimal number of electrodes.

3.3 Electrical Resistance Tomography

An ERT system consists of sensors, a data acquisition system
(hardware), and a PC with control and data processing software.
The sensor consists of a variety of electrodes arranged around
the region. Electrodes are used for both excitation and detection.

The most common configuration is a pipe or vessel with 16
electrodes, do not disturb the flow in the pipe. In the case of
metal pipes, the electrodes need to be insulated. ERT data
acquisition systems inject a signal between a pair of electrodes.
The most common approach is to apply an alternating current
source with a magnitude of tens of milliamps and a frequency of
about 10,000 Hz. Sixteen-electrode sensors provide 104 term
protocol-independent measurements. Following the acquisition
of the voltage sensor sensitivity, the image reconstruction
algorithm is used to display the distribution of electrical
conductivity in the sensing domain. Commonly used techniques
such as Linear Back Projection, Landweber, and conjugate
method.

Recent use of the principle of Gauss-Newton gradient and
used as a comparison [70]. For two-phase system phase
conductivity ratio or difference of pixels that can be counted to
determine the diversity or homogeneity of the material through
the sensor. Williams and Beck [1] have given a very good
description of many topographic measurement modalities
including ERT. In comparison with other topographic
modalities, ERT is considered to have a high resolution with a
speed of 10 milliseconds usually at low spatial, typically 5-10%
of the diameter of the vessel to sensor configuration in diameter
surrounding the vessel.

ERT imaging of the surface of terrain has been developed
for the Department of Environment (DOE) Office of Science
and Technology (OST) by Lawrence Livermore National
Laboratory (Melia). This innovative technology enables
researchers to view 2D or 3D image of the subsurface electrical
resistivity at a computer terminal site from several minutes of
data acquisition. Such images have been successfully
demonstrated for monitoring the recovery process, detecting
potential leaks in high-level waste tanks, measuring the
movement of moisture in fractured rock, and verifying the
effectiveness of a sub-surface barrier. The geophysical imaging
technology for measuring electrical resistivity in the soil and
rocks to get the image "snapshot™. Monitoring is used for sub-
surface static for inspection characteristics of the site. It can also
be used to obtain information indicates a significant change due
to environmental recovery time. The ability to see the difference
in resistivity over time eliminates many sources of resistance
that remain constant during the recovery and enable selective
imaging of changes in recovery. Processes using subsurface
heating or steam injection can cause rapid temperature and fluid
saturation changes which immediately affect the electrical
resistivity.

Electrode arrays consist of bipolar electrodes that
communicate with other dipoles. The bipolar electrodes are
fastened at regular intervals (usually 5 feet apart) to support the
shaft or belt [71]. Electrode arrays can be in very close
proximity with one another or hundreds of feet apart, depending
on the required resolution. ERT works well for sub-surface of
the saturated zone. Result data of measurements taken between
the electrode arrays are processed to produce electrical
resistivity homographs using state-of-the-art algorithm
inversion. Images produced show spatial changes in the
electrical resistivity and the location of the electrical resistivity
zone on a computer monitor, visual images can be used as a
guide to focus on a more detailed characterization, and a
monitoring evaluation will be made.

3.4 Optical Tomography
The main concept in optical tomography involves attenuation

caused by the refraction of light particles flow to avoid beam
projection [72]. The scan process the voltage at the receiver and
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the imbalance is used to build tomogram it [73]. Based on
projections sensor, transmitter and receiver are required to drive
the infrared sensor Emitting Diode Lead (IR LED).

To perform optical tomography system operations, it is
necessary to adhere to some steps. Either the transmitter or the
receiver sensors at around the pipeline in various methods; each
sensor will be enabled by changing the cross for each pair; for
example, the installation of 16 pairs, a first transmitter is
switched on, and then another transmitter is activated after the
pair previously activated sensor. At the same time, all recipients
will receive a signal for further processing. The same process
will be repeated until the last transmitters. After reading the
signals received from the transmitter, the signal is sent for
processing, where data in analogue form are converted to digital
form for the reconstruction of the image. Basically, the system
is divided into three main parts consisting of: i) the observer or
object detection sensors, ii) the acquisition of data from the
sensors, and iii) the processing of the raw imaging data (AC),
which are converted to digital form (DC) for analysis [74].

Optical sensors measure the speed of light, which refers to
a process in which the data transmission has a high frame rate.
This clearly demonstrates the ability of the complete system on
a short interval of time. One alternative light source is the use of
an LED as a low-switching system design, and high pressure
lasers such as SLEDs can also be used. This device can reduce
costs whilst capable of operating in real time. Past research also
used 32 pairs of transmitters using LEDs and Schottky diodes
[75].

3.5 Ultrasonic Tomography

The use of ultrasound systems follows almost the same concept
as radar or sonar. Observations are made by evaluating the
target by interpreting the echoes from analogue waves. The
system has the ability to use active ultrasonic sensor transmitters
which produce high-frequency sound waves and to evaluate the
echo received by the recipient, but it is also able to measure the
time interval for a period of sending and receiving signals
representing the return echoes between the object.

Ultrasonic process tomography is the imaging of the
response to differences in density and elasticity of the object, for
example, to obtain an image of a bubbly gas/liquid volumetric
flow in a pipe [76]. In addition, this process helps in finding the
details related to the concentration of flow in the pipe. Imaging
can be influenced by high noise caused by the collision of
particles in the flow pipe and this factor be noted when
analyzing the ultrasonic sensor data.

The principle is based on pulse-echo imaging [77], where
high-voltage electrical pulses are delivered to the probe, which
consists of a piezo-electric transducer that converts the voltage
pulse to pulse mechanical vibrations. Mechanical impulse is
then delivered to the tissues and organs in the body. This object
is scanned before having different acoustic impedance, the echo
of that has changed with the electric voltage signal becomes
lower. Finally, there is the phenomenon known as' the echo
signal, which is received and processed for re-imaging
surveillance image-objects.

The advantages of using an ultrasonic sensor in a
tomography system are that [78]: i) it is non-invasive, ii) it is
safe because no radioactive materials are used, iii) it provides a
fast response and imaging scanning process, and iv) only low
levels of energy are required to excite the transducer and it does
not damage the material investigated.

UT System consists of the hardware and software parts
[79] shown in Figure 7. Part of the UT system hardware consists
of various sub-divisions such as i) the pulse generator serves to

generate a signal and is typically used as a microcontroller to
generate pulses with frequency equal to the resonance frequency
of the ultrasonic sensor, ii) transmitter, which serves as a pulse
of ultrasonic sensor response, iii) ultrasonic sensor as a detector,
that it transmitter and receiver.

The prepared sensor ultrasonic transmitter is connected to
the amplifier and converts electrical signals into ultrasonic
waves on one side of the pipe. On the opposite side of the pipe,
the ultrasonic sensor receiver will receives the ultrasonic waves
transmitted, which are changed into an electrical signal. The
receiver structure consists of low-noise amplifiers, filters, band
pass, and some cost data. Return echoes are filtered and
converted to a digital signal for processing. As for the software,
the process relies on the imaging process using the algorithm
chosen by the researchers. A projection algorithm is applied to
the digital data gathered to produce cross-sectional images [80—
82].

<f}———— Hardware —————p all— Software —Jp

=

Tx

Microcontroller
R Imaj
Transmitter (e = <& e Receiver * LS

| Recontruction
I
'

Figure 7 General block diagram of an ultrasonic tomography system
[82]

An ultrasonic wave is a category that has a higher
frequency than the maximum capacity of normal human
hearing. The capacity 20 kHz for adults and the ultrasonic
frequency range of the instrument is from 20 kHz up to readings
of several gigahertz [83]. The reflection of sound waves from
the collision with the surface of a solid object will cause the
reflected echo effect.

Distance analysis the function of speed waves emitted by
multiplying time spent in the admissions process as below:

Distance = speed x time

Sonar frequencies operate in the range of megahertz. The
speed of sound will change according to the material. Factors
such as temperature and pressure will affect the speed of sound.
In air it is 330 m/s, in water it is 1500 m/s, and in metal it is
5000 m/s [84].

An ultrasonic system has three modes: the transmission
modes, reflection modes, and diffraction modes [85]. In
addition, it is assumed that the waves propagate in a straight line
to facilitate construction of the image with the algorithm.
Absorption by the medium and complex sound fields are two
major limitations when the transmission mode is applied.

By measuring the change in location and physical
characteristics of the ultrasonic waves, the reflection mode can
be implemented. In the case of diffraction mode, the
measurement is based on the diffraction of the ultrasonic waves
at the interface, and most of the research on ultrasonic
tomography using this categories of transmission mode.
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The transmission mode to apply for imaging of gas/liquid [86],
which is a very homogeneous medium. It is based on the
transmission sensors and reception sensors of ultrasonic sensors
on the surface of circular process vessels. Another design used a
system that is intended for imaging of two components (such as
gas/water) in a pipe. This system is designed to identify methods
of transmission of a multi-phase flow regime consisting of
liquid, gas, and solid [88]. This system is a non-invasive type
using offline methods. The transmission mode with a fan-shaped
beam rear projection was performed using 8 x 8 projection.

The system was developed using 16 transmission
transducer element [89]. When to reduce a number of electrode
impacts to the sensitivity range of the side modes.
Piezocomposite (PZT) is materials for a transducer consisting of
a thin rod in the longitudinal direction are configured with a
random field embedded in an epoxy matrix.

Tests on aluminum rod of reflection effect is obtained
range of results is smaller than the wavelength [90]. The use of
low-frequency images of lower-resolution. To restore the
resolution, a signal processing method used by deconvolution
Papoulis.

Digital data transmission ultrasonic Bayesian filter [91]. It
aims to reduce blurring and artefacts, allowing for a more
accurate picture. Research using the reflection mode is made
using 16 transducers for scan the object to obtain an image of
the gas in water [92]. An iterative algorithm based on the model
used [93] and ultrasound systems for green wood tomography
imaging using non-parametric imaging algorithm. Diffraction
tomography can be included as the effect of algorithms to
enhance image resolution.

The technique uses diffraction mode is also used to scan
tobacco gelatine [94]. The diameter used is 60 mm. The object
to be scanned is insonified by a plane wave and ultrasonic
pulses are transmitted and measured along a line perpendicular
to the direction of propagation of ultrasonic waves. Assumptions
weak scattering of ultrasonic waves occur as they traverse the
object. Diffraction mode is also used for cross-hole seismic data
[95]. A system of ultrasonic diffraction tomography was
developed to detect defects in pipelines and large cylindrical
structures [96]. Multiples data was detect as small as 50 mm in
diameter were detected accurately.

HW4.0 COMPARISON OF APPLICATIONS

A summary of different type’s tomography by category in the
medical and industrial sectors is given in Table 2.

5.0 CONCLUSION

Monitoring systems using various methods and the overall
effects on the imaging process in both the medical and industrial
sector have been discussed. This technique is reviewed as the
need to define some important equivalent to use. In the field of
medical imaging, it is carried out clinically to determine the
status of the human body before a decision is made regarding
further action. The object of the monitored involves various
methods of advantages in terms of image resolution display
without damaging other tissues or organs in the human body.
Impacts on patient safety are a priority. For use in industry, the
transparency factor of the processed data from the image
depicted determines the performance of the process. Duration
image processing besides the need for real-time operating with
an important issue in the election industry. Factor design tools
are built and operated, and costs corresponding to the required

results also support popular factor of criteria choose in both
sectors. The methods presented in this paper provide a guideline
for the selection of a suitable system. Hopefully, ideas and
innovations previously will upgrade to the level of imaging can
improve the ability of existing research and design to meet the
selection criteria; for example the level of display quality is
better and obviously the ability to use a portable system during
the process of design and smaller materials especially the
medical sector for health monitoring can be easily implemented
without being in a medical center. In addition, the right decision
with high speed can increase efficiency to meet the needs of
current technology.

Table 2 Differences in the use of tomography between the two sectors

Comparison Medical Tomography Industrial
Item Tomography
Example of X-ray, Optical Electrical Capacitance
type of use Coherence Tomography, Electrical

Provision and
maintenance
costs

Tomography, Positron
Emission Tomography,
Magnetic Resonance
Imaging, Ultrasound
Tomography

Cost of the asset is high
and requires a
systematic maintenance
schedule

Impedance
Tomography, Electrical
Resistance
Tomography, Optical
Tomography,
Ultrasonic Tomography
Assets are low cost
compared with use by
the health sector, and
complex maintenance
is not required

Condition of Static Moving

monitoring

object

Speed of data Low speed for The speed of data

processing processing processing has to be
quick because the
measured object moves

Operator Handling must be done  There is no need for a

requirements

by a competent person

standby person after
installation;
implementation of the
system is easy

Operating Environmental Equipment is rugged
environment equipment requires a and robust in order to
measurement high level of hygiene be suitable for industrial

requirements

and the use of care in
accordance with the
procedures set

environments with, e.g.,
oil stains and dust

Effect of Small risk for patient No risk of harm to users
radiation after improvement. Itis  operate the equipment
necessary to follow the or take environmental
protocol before testing measurements
in different tests.
Condition Offline:— data capture is  Online: data capture
involved fast but data processing  and data reading
is slow transfer to imaging in
real-time given
Operating The X-ray source and a  Dependent on the
mode detector assembly requirements of the

within the system rotate
around the patient

imaging process; if
more sharpness or
increased speed is
required, more total
sensor detection is
required




10

Ruzairi Hj. Abdul Rahim et al. / Jurnal Teknologi (Sciences & Engineering) 73:6 (2015), 1-11

Acknowledgement

The author would like to thank Universiti Teknologi Malaysia
for supporting the research study and also this appreciation goes
to the other members in PROTOM groups for their cooperation.

References

[1]
[2]

(3]

(4]

[5]
(6]
[7]

(8]
(]
[10]

[11]

[12]
[13]
[14]
[15]
[16]

[17]
(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

http://www.Merriam-Webster,webster.
computed+tomography © 2014, 5 September 2014.
M. Soleimani, W. R. B. Lionheart. 2005. Nonlinear Image
Reconstruction in  Electrical Capacitance Tomography Using
Experimental Data. Meas. Sci. Technol. 16: 1987-1996.

J. Ellis. 2014. Difference Between an Ultrasound and a CT Scan.
Edited By: Bronwyn Harris. Copyright Protected: 2003-2014
Conjecture Corporation.

Juliza Jamaludin, Mohd Z. Z., Ruzairi A. R., Fazlul, R. M. Y., Nor M.
N. A., Muhammad, Suzzana R. A., Naizatul, S. F., Zulkarnay, Z.,
Mohd. H. F. R. 2003. A Review of Tomography System. Jurnal
Teknologi. Universiti Teknologi Malaysia, 81310 UTM Johor Bahru,
Johor, Malaysia. 64(5): 47-51.

Tubiana M. 2008. Comment on Computed Tomography and Radiation
Exposure. N. Engl. J. Med. 358(8): 852.

R. A William and M. S Beck. 1995. Process Tomography: Principle,
Technique and Applications. Butterworth-Heinemann Ltd.

Srinivasan S., Pogue B.W., Gibson A. 2009. Numerical Modelling and
Image Construction in Diffuse Optical Tomography. Phil. Trans. R.
Soc. A. 367: 3073-3093.

Novelline Robert. 1997. Squire's Fundamentals of Radiology. 5th
edition. Harvard University Press.

Bushberg. 2002. The Essential Physics of Medical Imaging. 2" ed.
Lippincott Williams & Wilkins.

John, G. Stears, Joel, P. Felmlee, and Joel, E. Gray. 1986. Half-Value-
Layer Increase Owing to Tungsten Buildup in the X-ray Tube in Fact
or Fiction, Radiology. 160(3): 837-838.

Emilio, Burattini, Antonella Ballerna. 1944. Biomedical Applications
of Synchrotron Radiation. In Proceedings of The 128th Course at the
International School of Physics.

Haberfeld H. 2009. Austria-Codex Vienna in Osterreichischer
Apothekerverlag.
http://www.medicalradiation.com/types-of-medical-imaging/imaging-
using-x-rays/radiography-plain-x-rays/citation on 25/11/2014.
Karnegis, J. N, Heinz, J. 1979. The Risk of Diagnostic Cardiovascular
Catheterization. Am Heart J. 97(3): 291-7.

Hall, E., J., Brenner, D. J. 2008. Cancer Risks from Diagnostic
Radiology. Br J Radiol. 81(965): 362-78.

Srinivasan S, Pogue B.W, Gibson A. 2009. Numerical Modelling And
Image Reconstruction in Diffuse Optical Tomography. Phil. Trans. R.
Soc. A. 367: 3073-3093.

M. Brezinsky. 2006. Optical Coherence Tomography. Elsevier.

R. Abdul Rahim. 1996. A Tomography Imaging System for Pneumatic
Conveyors Using Optical Fibers. Phd Thesis. Sheffield Hallam
University.

Md Yunos, Y., Mansor, M. S. B., Nor Ayob, N. M., Fea, P. J., Abdul
Rahim, R, & San, C. K. 2006. Infrared Tomography Sensor
Configuration Using Four Parallel Beam Projection. Sensors and
Tranducers. 10: 761-768.

Ruzairi, Leong, Chan, Mohd. 2007. Investigating Multiple Fan Beam
Projection Technique Using Optical Fibre Sensor In Process
Tomography. Jurnal Teknologi. 47: 61-70.

K. S. Chan. 2002. Real Time Image Reconstruction for Fan Beam
Optical Tomography System, M. Eng. Thesis. Universiti Teknologi
Malaysia. Skudai. Malaysia.

C. L. Goh. 2005. Real-Time Solids Mass Flow Rate Measurement via
Ethernet Based Optical Tomography System. M. Eng. Thesis.
Universiti Teknologi Malaysia, Skudai. Malaysia.

T. K. Chiam. 2006. Embedded System Based Solid-Gas Mass Flow
Rate Meter Using Optical Tomography. M. Eng. Thesis. Universiti
Teknologi Malaysia, Skudai.

Ibrahim, S. 2000. Measurement of Gas Bubbles in a Vertical Water
Column Using Optical Tomography. Ph.D. Thesis. Sheffield Hallam
University

R. G. Jackson. 1995. The Development of Optical Systems for Process
Imaging in Process Tomography. Butterworth Heinemann

Com/dictionary/

[26]

[27]

[28]
[29]

[30]

[31]

[32]

[33]
[34]
[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

Bailey, D. L, D. W. Townsend, P. E. Valk, M. N. Maisey. 2005.
Positron Emission Tomography in Basic Sciences. Secaucus, NJ:
Springer-Verlag.

Phelps, M. E, Hoffman, E. J, Mullani, N. A. 1975. A Positron Emission
Transaxial Tomograph For Nuclear Imaging. Radiology. 114(1): 89—
98.

A. Kumar, D. Welti, R. R. Ernst. 1975. NMR Fourier Zeugmatography.
J.Magn.Reson. 18: 69-83.

P. Mansfield. 1977. Multi Planar Image Formation Using NMR Spin
Echos. J. Phys. C: Solid State Physics. 10: 55-58.

Hollingworth, W., Todd, C. J., Bell, M. I., Arafat, Q., Girling, S.,
Karia, K. R., Dixon, A. K. 2000. The Diagnostic and Therapeutic
Impact of MRI in An Observational Multi Centre Study. Clin Radio.
55(11): 825-31.

Oganessian, Yu. Ts., Abdullin, F. Sh., Bailey, P. D., Benker, D. E.,
Bennett, M. E., Dmitriev, S. N., Ezold, J. G., Hamilton, J. H. 2010.
Synthesis of a New Element with Atomic Number Z=117. Physical
Review Letters Physical Review Letter. 104(14): 142502.

C. L. Dumoulin, S. P. Souza, M. F. Walker, W. Wagle. 1989. Three-
Dimensional Phase Contrast Angiography. Magn. Reson. Med. 9: 139—
149.

D. G. Nishimura. 1990. Time of Flight MR Angiography. Magn.
Reson. Med. 14: 194-201.

Hangiandreou, N. 2003. Basic Concepts And New Technology.
Radiographics. 23: 1019-1033.

Otto C. M. 2000. Principles of Echocardiographic Image Acquisition
and Doppler Analysis in Textbook of Clinical Ecocardiography. 2nd
ed. Philadelphia, PA: WB Saunders. 1-29.

Weyman A. E. 1994. Physical Principles of Ultrasound in Principles
and Practice of Echocardiography. 2nd ed. Media, PA: Williams &
Wilkins. 3-28

Kossoff, G. 2000. Basic Physics and Imaging Characteristics of
Ultrasound. World J Surg. 24: 134-142.

Fowlkes, J. B., Averkiou M. 2000. Contrast And Tissue Harmonic
Imaging in Goldman LW, Fowlkes JB, eds. Categorical Courses in
Diagnostic Radiology Physics: CT and US Cross-Sectional Imaging.
Oak Brook: Radiological Society of North America. 77-95.
MedicineNet, Inc Last Editorial Review: 11/30/2013. Citation on 7
Sept 2014©1996-2014.

Hediger Lisa. 1992. Reliability Improvement for the Advanced
Computed Tomography Inspection System. Marshall Space Flight
Center.

General Design Priciples by X. B. Li, S. D. Larson, A. S. Zyuzin. 2004
IEE.

Unpublished Class Notes of EE -617, Prof. L. R. Subramanyan,
Department of Electrical Engineering, Indian Institute of Technology,
Bombay.

Application Note AN 3. 2001. Engineering Design Rules for ECT
Sensors. Process Tomography Limited, Cheshire, United Kingdom.
Quote from Encyclopedia Britannica. 2009. Dielectric, Insulating
Material or A Very Poor Conductor of Electric Current. Dielectrics
Physics. Britannica.

T. Dyakowski, M. Miko, D. Vlaev, R. Mann, G. W. Follows,
A.Boxman and M. P. W.Wilson. 1999. Imaging Nylon
Polymerisation Processes by Applying Electrical Tomography in
Proc. of 1st World Congress on Industrial Process Tomography,
Buxton. 383-387.

W. Q. Yang, A. Chondronasios, V. T. Nguyen, S. Nattras, M. Betting
and 1. Ismail. 2004. Adaptive Calibration of A Capacitance
Tomography System for Imaging Water Droplet Distribution. Flow
Meas. and Instrum. 15(5-6): 249-258.

S. M. Huang, A. B. Plaskowski, C. G. Xie and M. S. Beck. 1989.
Tomographic Imaging of Two-Component Flow Using Capacitance
Sensors. J. Phys. E: Sci. Instrum. 22: 173-177.

C. De-Yun, Z. Gui-Bin. 2004. Simulation of Sensors and Image
Reconstruction Algorithm Based on Genetic Algorithms for Electrical
Capacitance Tomography System. Journal of System Simulation. 16(1):
152—154.

Chen De-Yun, Yin Xiao-Yan. 2006. The Optimized Design And
Simulation Of Electrical Capacitance Sensor For Electrical
Capacitance Tomography System. Journal Of Electronic Measurement
And Instrument. 20(1): 22-27.

Zhang Yu-Ying. 1991. Dielectric Physics. Xi’an Jiaotong University
Press.

O. Isaksen, A. S. Dico and E. A. Hammer. 1994. A Capacitance Based
Tomography System for Interface Measurement in Separation Vessels.
Meas. Sci. Technol. 5: 1262-1271.


http://www.medicalradiation.com/types-of-medical-imaging/imaging-using-x-rays/radiography-plain-x-rays/citation%20on%2025/11/2014
http://www.medicalradiation.com/types-of-medical-imaging/imaging-using-x-rays/radiography-plain-x-rays/citation%20on%2025/11/2014

11

[52]

[53]

[54]

[55]

[56]

[57]

(58]

[59]

[60]

[61]

[62]
[63]
[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

Ruzairi Hj. Abdul Rahim et al. / Jurnal Teknologi (Sciences & Engineering) 73:6 (2015), 1-11

Process Tomography LTD. 2009. Electrical Capacitance Tomography
System. Type TFLR 5000. Operating Manual Fundamentals of ECT.
M. T. Erwati, and N. Farrukh. 2009. Applications Of Electrical
Impedance Tomography For Imaging In Biomedical And Material
Technology. Proceedings IEEE Students Conference on Research and
Development. UPM Serdang, Malaysia.

S. Kumar, S. Anand and A. Sengupta. 2010. Impedence Based Image
Reconstruction of The Field Distribution Inside The Closed Phantom
Using Finite Element Method. International Journal of Computer and
Network Security. 2(7).

Y. Zou, Z. Guo. 2003. A Review of Electrical Impedance Techniques
for Breast Cancer Detection. Elsevier Medical Engineering and
Physics 25.

H. Hong, M. Rahal, A. Demosthenous and R. H. Bayford. 2007.
Floating Voltage-Controlled Current Sources for Electrical Impedance
Tomography in Proceedings of the 18th European Conference on
Circuit Theory and Design. ECCTD 2007. 208-211.

Li, Y., Rao, L., He, R., Xu, G., Wu, Q., Yan, W,, Dong, G. 2005. A
Novel Combination Method of Electrical Impedance Tomography
Inverse Problem for Brain Imaging. IEEE Transactions on Magnetics.
41(5): 1848-1851.

C. W .Denyer, F. J. Lidgey WEE, Q. S. Zhu MIEEE and C. N. Mc
Leod. 1993. High Output Impedance Voltage Controlled Current
Source for Bio-Impedance Instrumentation. 0-7803-1377-1/93 IEEE.
1026-1027.

J. Frounchi, F. Dehkhoda and M. H. Zarifi. 2009. A Low-Distortion
Wideband Integrated Current Source for Tomography Applications.
European Journal of Scientific Research. EuroJournals Publishing, Inc
27(1): 56-65.

A. S. Ross, G. J. Saulnier, J. C. Newell and D. Isaacson. 2003. Current
Source Design for Electrical Impedance Tomography. IOP Publishing.
Physiol. Meas. 24(2): 509-516.

D. C. Barber, B. H. Brown, and J. L. Freeston. 1983. Imaging Spatial
Distributions of Resistivity Using Applied Potential Tomography.
Electron. Lett. 19: 933-935

International Electrotehnical Commission. 1977. Safety of Medical
Electrical Equipment: Part 1: General requirements. Publ. 601-1.

B. H. Brown, 2001. Medical Impedance Tomography and Process
Impedance Tomography. Measure. Sci. Technol. 12: 991-996.

A. P. Bagshaw, A. D. Liston, R. H. Bayford, A. Tizzard, A. P. Gibson,
A. T. Tidswell, M. K. Sparkes, H. Dehghani, C. D. Binnie, D. S.
Holder. 2003. Electrical Impedance Tomography of Human Brain
Function Using Reconstruction Algorithms Based On The Finite
Element Method. Neurolmage. 20: 752-764.

F. S. Moura, J. C. C. Aya, A. T. Fleury, M. B. P. Amato, R. G. Lima.,
2010. Dynamic Imaging in Electrical Impedance Tomography of The
Human Chest With Online Transition Matrix Identification. IEEE
Trans. Biomed. Eng. 57(2).

F. Ferraioli, A. Formisano, R. Martone. 2009. Effective Exploitation of
Prior Information in Electrical Impedance Tomography for Thermal
Monitoring of Hyperthermia Treatments. IEEE Trans. Mag. 45(3).

J. C. Newell, D. Isaacson, G. J. Saulnier, M. Cheney, and D. G. Gisser.
1993. Acute Pulmonary Edema Assessed by Electrical Impedance
Tomography in Proc. Annui. Int. Conf. IEEE Engineering in Medicine
and Biology Soc. 92-93.

V. Sarode, P. M. Chimurkar, A. N. Cheeran. 2012. Electrical
Impedance Tomography (Eit) Based Medical Imaging Using Finite
Element Method (Fem). International Journal of Engineering Sciences
& Emerging Technologies. 1(2): 83-89.

An Electrical Impedance Tomography System For Current Pulse
Measurements. D. Kovacic, A. Santi¢ Faculty Of Electrical
Engineering And Computing, Unska 3, Hr-10000 Zagreb, Croatia.

S. J. Stanley, R. Mann, K. Primrose. 2005. Interrogation of A
Precipitation Reaction by Electrical Resistance Tomography. AIChE
Journal. 51: 607-614.

R. A. Williams, M. S. Beck. 1995. Process Tomography: Principles,
Techniques and Applications. Butterworth-Heinemann Ltd. Oxford,
UK.

Green, R. G., Horbury, N. M., A. Rahim, R., Dickin, F. J., Naylor, B.
D. and Pridmore, T. P,. 1995. Optical Fibre Sensors For Process
Tomography. Meas. Sci. Technol. Meas. Sci. Technol. 6: 1699-1704.
M. F. A. Shaib, R. A. Rahim, S. Zarina, N. Shima, M. Z. Zawahir.
2013. Comparison Between Two Different Types of Microcontroller in
Developing Optical Tomography Controller Unit 64:5. Jurnal
Teknologi. 13-17.

[74]

[75]

[76]

[77]

[78]

[79]

(80]

[81]

[82]
(3]
[84]

[85]

[86]

[87]

(8]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

R. Abdul Rahim. 1996. A Tomography Imaging System for Pneumatic
Conveyors using Optical Fibers, Phd Thesis, Sheffield Hallam
University.

S. Ibrahim. 2000. Measurement of Gas Bubbles in a Vertical Water
Column using Optical Tomography. Phd Thesis, Sheffield Hallam
University.

Li, W., and Hoyle, B. S. 1996. Ultrasonic Process Tomography Using
Multiple Active Sensors for Maximum Real Time Performance.
Chemical Engineering Science. 52: 2161-2170.

R. A. Mucci,. 1984. A Comparison of Efficient Beamforming
Algorithms. IEEE Trans. Acoustics, Speech, and Signal Proc. 32: 548—
558.

Asher, R. C. 1983. Ultrasonic Sensors in the Chemical, and Process
Industries. Journal Science Instrument Physics. 16: 959-963.
Abbaszadeh, J., Rahim, H. B. A. and Rahim, R. B. A. 2012.
Optimizing The Frequency of Ultrasonic Tomography System With A
Metal Pipe Conveyor. IEEE 8th International Colloquium on Signal
Processing and Its Applications (CSPA). 52-57.

Bargoshadi, J. A. and Najafiaghdam, E. 2009. Ultrasonic Dispersion
System Design and Optimization Using Multiple Transducers. Joint
Conference of the Symposium on Piezoelectricity, Acoustic Waves, and
Device Applications (SPAWDA) and China Symposium on Frequency
Control Technology. IEEE. Washington. DC. 96.

David, J. and Cheeke, N. 2002. Fundamentals and Applications of
Ultrasonic Waves. Paper presented at Physics Department Concordia
University Montreal, Quebec, Canada.

Ensminger. D. 2012. Ultrasonics: Fundamentals, Technologies, and
Applications. Third Edition. CRC Press
http://www.mrcophth.com/commonultrasoundcases/principlesof
ultrasound.html, 25 November 2014, 12.40am.

Maezawa, W., Uchida, S., & Okamura, S. 1995. A Model of
Simultaneous Measurement of Gas and Solid Holdup in a Bubble
Column Using Ultrasonic Technique. Canadian Journal of Chemical
Engineering. 73: 734-743.

Abdul Rahim. R., Fazalul Rahiman, M. H., Chan, K. S., Nawawi, S. W.
2007. Non-invasive Imaging of Liquid/Gas Flow using Ultrasonic
Transmission-Mode Tomography. Sensors and Actuators A: Physical.
135(2): 337-345.

Fazalul R., M. H., Ruzairi A. R., Mohd H. F. R., and Mazidah T. 2006.
Ultrasonic Transmission-Mode Tomography Imaging for Liquid/Gas
Two-Phase Flow. IEEE Sensors. 6(6): 1706-1715.

Nor A., N. M., Fazalul R.,, M. H., Sazali Y., Ruzairi A. R. 2009.
Ultrasound ~ Processing  Circuitry  for  UltrasonicTomography,
Proceedings of the International Conference on Man-Machine Systems.
Penang. Malaysia.

Abdul Wahab, Y., R. Abdul Rahim , M.H. Fazalul Rahiman, and M. A.
Ahmad. 2011. Application of Transmission-mode Ultrasonic
Tomography to Identify Multiphase Flow Regime. Proc. International
Conference on Electrical, Control and Computer Engineering
(INECCE). Pahang, Malaysia.

Steiner, G., and Podd, F. 2006. A Non-invasive and Non-intrusive
Ultrasonic Transducer Array for Process Tomography. Proc. XVIII
IMEKO World Congress. Rio de Janeiro, Brazil.

Lasaygues, P., J. P. Lefebvre and M. Bouvat-Merlin. 2002. High-
Resolution Process in Ultrasonic Reflection Tomography. Acoustical
Imaging. 24: 35-41.

Steiner, G., and D. Watzenig. 2008. A Bayesian Filtering Approach for
Inclusion Detection with Ultrasound Reflection Tomography. Journal
of Physics: Conference Series. 124.

Steiner, G., Frank Podd, Markus Brandner and Daniel Watzenig. 2006.
Iterative Model-based Image Reconstruction for Ultrasound Process
Tomography. Proceeding XVIII IMEKO World Congress. Rio de
Janeiro, Brazil.

Brancheriau, L., Eric Debieu P. L., and Lefebvre, J. P. 2008. Ultrasonic
Tomography of Green Wood Using a Non-parametric Imaging
Algorithm With Reflected Waves. Ann. For. Sci. 65: 712

Pintavirooj C., and M. Sangworasil.,UItrasonic  Diffraction
Tomography. 2008. International Journal of Applied Biomedical
Engineering. 1(1): 34-40.

Pratt, R. G., and Worthington, M. H. 1988. The Application of
Diffraction Tomography to Cross-hole Seismic Data. Geophysics.
53(10): 1284-1294.

Shekhar, S. 2012. Online Non Destructive Evaluation of Large Pipe
Lines and Cylindrical Structures Using Guided Ultrasonic Wave
Diffraction Tomography. International Journal of Engineering and
Advanced Technology. 1: 480-485.


http://www.mrcophth.com/commonultrasoundcases/principlesof%20ultrasound.html
http://www.mrcophth.com/commonultrasoundcases/principlesof%20ultrasound.html

