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Tomography system is a method that being used to reconstruct a cross sectional image in vessel or pipeline.
This method is widely used in medical and industrial fields. The aim of this paper is to provide an overview
of tomography system based on its basics construction, types of sensors, its applications in today’s industry,
and image reconstruction. This paper review consists of literature citations which related with tomography
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1.0 INTRODUCTION

Tomography system is one of the methods that have been used to
construct cross-sectional image from data obtained by the system.
[1] Basics concept of tomography is to determine the distributions
of materials by obtaining the data using sensors that distributed
around the periphery of pipeline. [11] Tomographic imaging
system designed to analyze the structure and compositions of
objects by examining them with waves or radiation and by
calculating virtual cross sections through them. [5] This system
also helps us to visualize the internal characteristics such as to
measure the concentration, velocity, mass flow rate, and particle
sizes distribution. [11]

Tomography method is widely used in medical application
before it spread into industrial application. Impedance
tomography is one of the tomography methods that applied in
medical field. This method is imaging the distribution of
conductivity or permittivity volume inside human body.
Impedance tomography is used in medical area because this
method is safe, simple application, high speed data collection and
has possibility to characterized tissue and other particles in
human body. [30] Another approach of medical tomography
system is by using optical coherence tomography. Optical
coherence tomography technique is non invasive and non
intrusive technique where this method can generate two
dimensional and three dimensional tomographics images with
micron resolution. [46]

Tomography method also applied in industry and it is known
as process tomography. Process tomography mostly used in
mixing process, multiphase flow, batch process monitoring, and
many more. [11] Impedance tomography system also had been
used in process tomography to detect particles in flow

measurement system. The types of sensor still the same but the
orientation of sensors is difference. Some of process tomography
system is developed in using wireless local area network for data
processing. This wireless system had help to reduce the noise
effect that can cause low quality of image reconstruction. [30]
Process tomography system should be robust and can perform
well in aggressive environment which contains flammable
superheated or corrosive materials and high internal pressure.
[35]

2.0 HISTORY OF TOMOGRAPHY SYSTEM

Tomography system already started at 1950 in medical field. In
1990, process tomography becomes important part in industry. At
that moment, the requirement of instrument that robust, non
invasive, and can operate with fast moving fluid is highly
increased. [2] In the middle of 1980, electrical impedance
tomography is develop for imaging human body because it safe
and low cost. The difference between medical tomography and
process tomography is the type of object that the system
measured. For medical tomography, it aims to measure the
locations of objects in space where process tomography needs to
measure both locations and velocity of movements. [2] Medical
tomography and process tomography also produce different
quality of image reconstruction. For medical tomography, it gives
good image reconstruction compare to process tomography. It is
because process tomography deal with high level of noise. [12]
Besides that, tomographic reconstruction in process applications
has been more quantitative than qualitative in real world. In order
to minimize this problem, some researchers had developed and
applied process tomography system as a sensor for optimal
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control. In this case, they applied feedback control such as
proportional-integral ~ controller,  proportional  —integral-
derivative controller and linear quadratic Gaussian controller
with tomography system. [15]

They are four generation of tomography system. First
generation consists of source which emits a linear beam radiation
sources. While in second generation, the detectors is placed
opposites to a set of radioactive sources, sometimes the sensors
moving around the objects measured, and numbers of receivers is
equal to the numbers of transmitter. For third generations, various
types of detectors being used and fan beam projection is
introduced. [35] The last generation is called the fourth
generation where tomography system should be fixed and no
need to move their transmitter and receiver around the objects.
[36]

H3.0 BASIC CONSTRUCTION OF TOMOGRAPHY
SYSTEM

The development of tomography system divides into three
segments; sensors, data acquisition system, and software. [6]
Tomography system has two main components which is
hardware part and software part. For hardware its contain sensors,
signal or data control, while software contain signal
reconstruction display. [1] The right choice of sensors is needed
because sensors is the main part in tomography system and it is
chosen based on the types of particles or objects that we want to
measure whether it is liquid, gas, or multiphase mixture. [1]
Sensors perform indirect measurement of the image by detecting
the radiation with which the object examined. [5] The signals
from sensor usually being amplified, filtered, and multiplex
before the data is sent to the computer. [22] There are two types
of sensors, hard-field sensor and soft- field sensors. For hard-field
sensors, the sensitivity is independent of parameter distribution
inside the sensor while for soft-field sensors; the sensitivity
distribution inside the fields depends on the parameter
distributions. [22] An example of hard field tomography systems
are gamma tomography method and X-Ray tomography method.
These two methods are so expensive and required special
attention of safety. Electrical tomography system is an example
for soft field method. [49]

Different types of tomography consist of different type of
sensors being used. One type of tomography system which is
ionizing radiation can gives high resolution image. X-ray
computed tomography system is suitable for off-line process
because it is bulky while gamma radiation is one method for real
time process tomography. It is suitable to used optical
tomography system to measure transparent liquid or fluid.
Electrical resistance tomography is suitable for process that does
not have electrically insulating boundary while electrical
capacitance was inversed. [1] Electrical capacitance tomography
system has three difference subsystems; DC offset compensation,
AC feedback compensation, and self balancing. All these three
subsystem have their owned advantages and disadvantages.[29]
Tomography system that used capacitance, resistance, and
inductance are known as electrical tomography system and these
electrical tomography system is non intrusive and low cost, no
radiation hazards and easy to implement.[3] Besides that,
electrical tomography system is rugged and robust to cope with
industrial environment.[28] This type of tomography system also
suitable for real time imaging system because it have high speed
capability.[28] To measure the density properties of distributed
phases, ultrasonic tomography is the right choice. [1]

Sensor configuration also important parts to be investigate.
There are many types of projection patterns that being used in

tomography field to detect the flow materials within a pipeline.
In optical tomography, there are two types of projection beams,
parallel beam projections and fan beam projections. For parallel
beam projections, the sensors are in a straight line and the view
angle for each should be small enough. [25, 51]

H4.0 APPLICATION OF TOMOGRAPHY SYSTEM

Many industries such as power generation, food processing,
paper and plastics productions, and solid waste treatment deal
with gas or solids flow measurement. [13] Process tomography
system is useful for plant control because the ability of this
system to measure concentration, identify phase size and
boundaries within vessels and pipeline. This technique is non
invasive system and non intrusive system where it is not applied
directly to the object that want to measure and the nature of object
also not being touched. [2] Process tomography involved in two
different types of systems which are on line and off line systems.
For on line system, data captured should be fast and data
processing time also should be fast while for offline system data
captured should be fast but data processing time can be slow. [3]

Process tomography system can be found in single modality
system and multi modality system. Single modality system means
only one type of sensors involved in measurement. This system
cannot work to measure multiphase flow because it will produce
low quality of image reconstruction. For multiphase flow, multi
modality tomography system is introduced. Unfortunately, multi
modal tomography system has certain requirement to make it
work smoothly. The synchronization in two modality data
acquisition is required. Besides that, multi modal tomography
system should be fast, standardized, flexible to adapt the
difference processes, and can integrate into one measurement
system. This system also need good software because it acts as
main controller to control and communicates with each modal
unit via communication link. This software tools also play an
important part to achieve central system management for multi
modal system with advanced data processing and visualization.
[24] Multi modal tomography systems help to increase the speed
of monitoring image, and this approach is really needed by
today’s industry for optimization and troubleshooting
requirement. [35] Multi modal tomography system usually used
in chemical and biological process industry that used multiphase
flow systems and the flow structure is complicated because it
involved micro-scale and macro-scale. [50]

4.1 Tomography System In Chemical Engineering

Most of process tomography system is used for online control and
monitoring purpose because of its capability to produce data for
internal characteristics of chemical engineering process. [3] This
process tomography system widely used in chemical engineering
process such as bubbles columns, fluidized beds, pneumatic
transport, liquid mixing, cyclonic separation, pressure filtration,
liquid pipe flow and many more. [3] Most of the used of
tomography system in chemical engineering is for qualitative and
quantitative analysis and fault detection process where this
method can produce three dimensional visualization in real time
process. [6]

Process tomography also had been used in oil industry for
multi phase flow measurement system. Qil industry faced with
difficulty to measured complex mixture of gas, oil, water and
other components such as sand. [7] Besides that, oil reservoirs
were totally different compare to each other because it based on
the location and the edge of wells. [10] Conventional approach
that usually used to measure this complex of mixture oil is using
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single phase flow meter where the mixture need to separate based
on it characteristic by using separator. The problems occurred
because some of separators are bulky, high installation cost, and
considerable maintenance and some of them have limitations and
can only deal with homogenous flow. [7] Oil industries really
need the instrument that accurate for each phase, non intrusive,
reliable, flow regime independent and suitable for use over the
full components fraction range. [10] Process tomography system
is the suitable method that can be used in oil industry that deals
with complex process. More than one type of process tomography
systems can be use to produce an accurate data for image
reconstruction. [8] There are varieties of sensors in today’s
market and each of sensors has its own ability to measured
different velocity profile and different phase distribution. [9]
Combinations of different process tomography techniques can
help multi phase measurement industry to identify various flow
patterns and boundaries [9].

Some process industry deal with gas-liquid phase or gas-
liquid-solid  phase.  Usually  chemical, petrochemical,
biochemical, and environmental engineering use bubble column
for certain operation which deal with air and liquid such as
petroleum refining, hydrogenation, oxidation, crystallization,
fermentation, coal liquefaction, wastewater treatment, and air
pollution control. [32]

Another application that used tomography system is
monitoring carbon dioxide storage. This method is used by
monitoring the image reconstruction that produces from sensors
applied in the carbon dioxide storage. From the image
reconstruction, operator can control the amount of carbon dioxide
reaction by monitoring from control room. This is very important
part for reducing greenhouse gas emissions from spread into our
atmosphere that can pollute our ecosystem. [17]

4.2 Tomography System In Geophysics

Tomography also widely used in geophysics field especially for
seismic depth imaging. Seismological tomography deals with the
problem related to travel time residuals defined as differences
between the observed and calculated arrivals time. [31] The huge
data captured by seismic tomography contributes inconsistencies
and errors in data results from incorrect coordinates, errors in
timing acquisitions, and error in merging procedure. [31] The
evolution in seismic tomography area has solved many problems
that occurred based on this old method of tomography. For an
examples, the improvement in seismic tomography have help
increased the resolution from few thousands meters to a few
hundred meters, strategy of working also change from long
wavelength to short wavelength solutions and the image quality
also improved. Grid tomography system is very important to
monitoring requirement of land and ocean bottom cable. [16]

Local earthquake tomography also becomes the most
important application that being used in seismic network. In local
earthquake tomography, the accurate exact data of location is
needed. Unfortunately, seismic tomography face with many
problems related to the accuracy of data such as network
geometry, arrival time accuracy and presence of noise. To solve
this problem, some researchers have introduced double difference
seismic tomography method which deals with new algorithms
and calculation related to both absolute and relative arrival time.
[21]

Submarines landslides analysis is very important because
submarines landslide become one of the factors that cause
tsunami and earthquake which give great destroy to population
and infrastructures. Due to this case, fluidization process in
submarine landslide analysis is very important to study.
Computer axial tomography is used in this physical area to study

the instability of slide and helps to reconstruct an image of the
soil-water interaction. A landslides investigation is very
important to monitoring the influence of water circulation on the
motion of landslide by producing image visualization. Computer
axial tomography is the right choice of sensor for soil science
analysis, sediment logy analysis, and coal geology or rock
mechanics because it is non destructive technique. [38]

Acoustic tomography is another method that applied for
river discharge monitoring because it is the procedure to control
water resources. Usually, horizontal acoustic Doppler and
acoustics velocity meters are used to measured stream flow. But
these methods have disadvantage where only limited number of
velocity sample can be distributed in cross section of river stream.
[41] Acoustic tomography system work based on ultrasound
detection and illumination to reconstruct image from data
captured. [40] This tomography method has ability to measure
river discharge even under floods, high turbidity concentration,
and high noise level. It is because this method is non destructive
system. [41]

One of the successful applications of tomography system is
being used in an atmospheric science field. The tomography
system is known as OSIRIS which is the combination of visible
optical spectrograph and infrared imager. The main used of
OSIRIS in open satellite is to observe the important process in
atmosphere that can cause global warming. [19]

4.3 Tomography System In Botanical Field

Many experiment based on the properties of soil, root, leaves,
wood are carry on using tomography method. Optical Coherence
tomography had been used for investigation of wood finishes.
This method has the ability to detect layer thickness and can
reconstruct the image of wood below the varnishes. This study is
important for investigation related to heritage artifacts. [20]
Electron tomography system had been used more than half
century for plant thylakoid membranes analysis. This method is
used to investigate the complex structure and organization of
chloroplast thylakoid membranes. [44] Tomography method that
using ion beam scanning electron microscope is one of the
powerful methods for characterization of three dimensional of
micro and nanostructures. [48]X-Ray micro computed
tomography is use for visualizing plant leaf structures. In early
edition of plants leaf structures analysis, researchers used
confocal microscopy. But this method has limitation where it
only can view limited size area and high transparency of leaf.
Sometimes, they need high refractive staining agents to enhance
the contrast of leaf. By using X-Ray micro computed tomography
system, it can give precise of image visualization and right
quantification of internal structures in three dimensional. Besides
that, the advanced of computer software help to increase the
quality of image reconstruction until the characteristics of leaf
such as the porosity, connectivity and surface area can visualize
in three dimensional. [39] X-Ray computed tomography system
also can be used for root—soil interaction study. This is because
this method is nonintrusive so the components of the roots and
soil are not disturbed. X-Ray computed tomography method also
provide the image of nature root growth in different types of soils.
This study helps to improve the development of botanical sector.
[43] For soil textures image reconstruction, electrical resistive
tomography is the suitable method. This method is capable to
detect stones, tillage effects in soil, soil texture, bulk density and
water contents. It is important part for fertilization of soil check
up. [42]

Industrial pulp mixer use electrical resistance tomography to
check the mixing quality and quantity in vessel pipeline.
Industrial that deal with pulp mixer really needs tomography
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method to control the quality product in controlling consistency
of pulp processing. If good mixing cannot be control, surely
operation costs can be higher due to unstable production and poor
product quality. The way that tomography method controls the
mixer is by given an image reconstruction of mixing product.
From the image captured, operator can monitor the quality of the
mixing pulp by analysis the concentration of the image data. For
an example, image reconstruction that show the wide area of
lower conductivity indicates higher concentration of chlorine
dioxide while small regions of low conductivity show lower
concentration of chlorine dioxide. [45]

4.4 Tomography System In Powders Technology

The development of powder technologist also based on the
important of process tomography system where this method
becomes the important tools for monitoring particulate structures
and moving particulates structure. [14]Electrodynamics
tomography system had proved its capability to captured velocity
and mass flow rate profiles of dry powders in a gravity drop
conveyer. To measure the velocity of particles is based on the
transits times of particles from upstream of electrodynamics
sensors to downstream of electrodynamics sensors. [27]
Tomography system also used for structure characterization of
metallic ceramic composite foam. In this case, computer
tomography system is used to examine the composite of foam,
porous structure and analyze the geometry structure of the foam.
[34]

4.5 High Voltage Tomography System

Based on the improvement of study in tomography area, new
development which is known as high voltage -electrical
capacitance tomography had being introduced. This is one of the
success achievements in tomography research where tomography
system can be applied for large equipment. Process reaction that
happened in large equipments generally changes very slowly and
faced with huge noise from many possibilities. So, high voltage
electrical capacitance tomography was developed by researchers
to deal with this problem. Usually the new development always
need some improvement where the image reconstruction from
this new invention still facing with low quality of resolution. [37]

W50 IMAGE RECONSTRUCTION

Image reconstruction is mean to combine the data obtained from
sensors that captured image of object measured at different angles
and views. [26] To obtained final images, appropriate algorithms
are applied to solve equation and reconstruct virtual cross section.
[5] There are three methods for image reconstruction, linear
methods, iterative methods, and heuristic methods. Linear
method is the simplest and quick method compares to the others
methods. Linear back projection is widely used in linear method
but this method produce poor image reconstruction for analysis
and this approach is used in early stage of medical tomography.
[22] Linear back projection produce blurry image and hard to
captured scattered images. Usually, filtering is applied in this
algorithm to enhance the image reconstruction. This common
algorithm is known as filtered back projection algorithm. [26] For
non linear iterative methods, it is not suitable for real time image
reconstructions because the computational load makes them too
slow to process the data. But, this method is easy to model and
can handle projection noise. [22] Heuristic method can be linear
or non linear. This method is based on the relationship of trained
images and measurements images. [4] Image analysis mostly

based on pixels value. Simple image analysis base on mean,
minimum, or maximum of pixels values. These pixels values give
information related to concentration, filling fraction, or packing
density. [4]

Reconstruction technique for tomography system is known
as inverse problem. [22] Inverse problem can divide into two
different part, estimation components and appraisal components.
For estimation component, the reconstruction image is based on
data received. While for appraisal components, it based on the
relationship between estimated model and actual model. [18]

Some researchers state that, to improve the quality of image
reconstruction, the numbers of sensors should be increased. [22]
Another approach to improve the quality of image reconstruction
is by improving the reconstruction algorithm so that more
information could be extracted from existing data. [22] New
development such as neural networks and binary optimizer
should be investigated for the use of image reconstruction. [23]
Some sources said that the low quality of image reconstruction is
because of the limitation of radial and angular sampling of image
sliced. In a way to conquered this problem, sinusoidal Hough
transform was created by researchers. [33] But, there are still
limitation occurred cause by another part such as computational
cost, execution time, and limitation in real time capability. [33]

6.0 CONCLUSIONS

Tomography system is widely use in medical in 1950 and in
industrial since 1990. The main reason for the development of
tomography system is to capture cross sectional image of internal
object for analysis and monitoring requirement. Basic
construction of tomography system is based on hardware and
software part. The suitable type of sensor is needed to produce
high quality of image reconstruction. The development of
tomography method is synchronous with the development of
process industrial. New inventions of tomography system are
developing to full fill the requirement of industries that face with
many complexities such as multiphase flow measurement and
large equipment. Tomography systems are important for other
sector such as geophysics, botanical and powders technologist.
More research need be studied in a way to solve certain problems
occurred and to improve the quality of tomography method and
its image reconstruction.
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