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PORTABLE INDUSTRIAL LIMITED ANGLE
GAMMA-RAY TOMOGRAPHY SCANNING
SYSTEM

RELATED APPLICATIONS

This application claims priority under 35 U.S.C. §119 to
Korean Patent Application No.: 10-2010-0121966, filed on
Dec. 2, 2010, the disclosure of which is incorporated by
reference herein in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates, in general, to a gamma-ray
tomography scanning system and, more particularly, to a
diagnostic method and system capable of applying tomogra-
phy to industrial long cylindrical process systems, such as a
pipeline, which are difficult to diagnose using existing medi-
cal or industrial computed tomography scanners.

2. Description of the Related Art

In general, computed tomography (CT) scanners (or com-
puted tomographs) have been used in various fields such as
industrial fields and the medical field.

CT scanners are machines that allow information about a
cross-sectional view of a substance or a status of tissue, which
cannot be obtained by conventional X-ray apparatuses, to be
realized as an image. The CT scanner was commercialized
with the invention by G. Hounsfield in 1971, and is designed
1o be able to observe each cross-sectional tomogram of an
object to using a technique that combines images, which are
obtained by penetrating X-rays into the object to be scanned
at various angles, into a three-dimensional image.

One example of the conventional CT scanner is disclosed
in Korean Registered Patent No. 10-0880864 (registered on
Jan. 21, 2009), entitled “Nano-Scale X-ray Computed
Tomography Scanner.”

In detail, the CT scanner disclosed in Korean Registered
Patent No. 10-0880864 furnishes a nano-scale high-defini-
tion image using X-ray generating means having a focus size
of 1 micrometer or less, in order to solve a problem, namely
that although biological medical X-ray CT scanners have
been used more and more with recent developments in the
bio-industry and bio-engineering, they have run up against a
limit because they have furnished a micro-scale definition
image and thus have not been widely applied to various stud-
ies of a bio-engineering field.

Further, existing CT scanners extract a part oftissue, fix the
extracted tissue to a holder, and test the extracted tissue. Since
the extracted tissue is transformed into dead tissue after a
predetermined time, the extracted tissue is scanned only for a
short time and it is very difficult to obtain a clear image from
the extracted tissue. Moreover, it is difficult for existing CT
scanners to scan the tissue because of the deformation or
contamination of the tissue during examination. To solve
these problems, the CT scanner disclosed in Korean Regis-
tered Patent No. 10-0880864 significantly increases the test
time of a biological specimen by providing cooling means to
a holder fixing the specimen so as to continuously protect the
specimen fixed to the holder from X-rays.

Further, another example of the conventional CT scanner is
disclosed in Korean Registered Patent No. 10-0718671 (reg-
istered on May 9, 2007), entitled “X-ray Cone Beam CT
Scanner Having 2-Dimensional Reference Detector and Col-
limator for Reference Detector.”

In detail, in order to solve a problem of existing X-ray CT
scanners to which a 2-dimensional detector is applied, and in
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order to prevent spatial resolution from being reduced when
reconstructing a 2-dimensional tomogram only when infor-
mation about spatial displacement of an X-ray focus caused
by irregular movement of the X-ray focus should be obtained
with respect to all of X, Y, and 7 axes, the CT scanner dis-
closed Korean Registered Patent No. 10-0718671 enhances
the spatial resolution to observe a finer structure of a subject
by applying a 2-dimensional detector as a reference detector
instead of a one-dimensional detector, acquiring irregular
movement of a X-ray tube focus over time for each view in
three dimensions of X, Y, and Z axes, and reflecting the
acquired information during a process of reconstructing a
tomogram.

Further, another example of the conventional CT scanneris
disclosed in Korean Registered Patent No. 10-0863747 (reg-
istered on Oct. 9, 2008), entitled “Apparatus for Computer-
ized Tomography Having Pair of Synchronized Gantries.”

In detail, when X-ray tomography scanning is required to
check a surgical process or the state of a lesion of a patient
who is undergoing an operation, the patient should be trans-
ferred to a tomography scanning room in order to obtain a
tomogram. However, various external measurement instru-
ments, a surgical instrument, a gas and blood feeder, etc. are
connected to the patient, and thus it is difficult to transfer the
patient. For this reason, it is difficult to obtain the tomogram
using a conventional CT scanner. Further, although the con-
ventional CT scanner is applied to the patient undergoing an
operation, the patient is located in a gantry when scanned by
the CT scanner, and thus it is impossible to check the state of
the patient. Moreover, the conventional CT scanner has an
X-ray source and an X-ray detector mounted in one gantry,
and the gantry has considerable weight. As such, it is difficult
to rotate the gantry at a high speed using one driving motor.
‘When an organ such as a heart showing continuous movement
at a rapid speed is scanned, it is difficult to obtain a clear
tomogram. This may cause a diagnostic error. To solve these
problems, the CT scanner disclosed Korean Registered Patent
No. 10-0863747 is configured to secure a space capable of
treating a patient by mounting an X-ray source and an X-ray
detector on a pair of gantries spaced apart from each other by
a predetermined distance respectively, thereby permitting
X-ray tomography scanning during an operation or treatment,
and to obtain a clearer tomogram of an organ moving at a high
speed by allowing each gantry to rotate at a high speed,
thereby making it possible to prevent a diagnostic error.

In addition, another example of the conventional CT scan-
ner is disclosed in Korean Registered Patent No. 10-0931304
(registered on Dec. 3,2009), entitled “Industrial Tomography
Device Using Gamma-Ray Source.”

In detail, since most existing X-ray CT scanners are
intended to be used on a human body, radiation exposure and
structure thereof are optimized to the human body, and thus
these X-ray CT scanners are rarely used for industrial pur-
poses. It is difficult to apply Magnetic Resonance Imagers
(MRIs) to objects made of, for instance, metal. It is difficult
for existing industrial X-ray CT scanners to diagnose objects
having a high attenuation coefficient. Usually, industrial
X-ray CT scanners are designed to rotate and scan small
objects on a turntable. Consequently, since the industrial
X-ray CT scanners are small CT scanners for scanning parts
using the turntable, they cannot perform tomography scan-
ning on a fixed object such as a pipe attached to facilities or a
reactor.

Meanwhile, since the reactor or pipe of the industrial facili-
ties is mostly formed of metal, it is difficult to use the X-ray
CT. Even in the case of a small pipe on which X-ray CT
inspection can be performed, the pipe must inevitably be
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separated from the facilities to perform the X-ray CT inspec-
tion. However, if to do so, there is the problem of a tremen-
dous loss being caused by process shutdown. Due to this
problem, there is a demand for a technique capable of finding
out the cause of an internal abnormal phenomenon by mea-
suring cross sections of various reactors and pipes during
their operation in refineries and petrochemical industry.

However, the CT scanner of the related art has a problem in
that the density and size of the object are restricted due to the
use of X-rays. To solve this problem, a CT scanner using
high-energy gamma rays has been developed. In this gamma-
ray CT scanner, a relatively large detector is used to enhance
the detection efficiency. Thus, when it compared to X-ray CT,
the gamma-ray CT scanner generally obtains low resolution
image from two-dimensional scanning with one-dimensional
arrangement of the detector.

That is, in the case of the CT scanner that performs tomog-
raphy or measurement using the one-dimensional arrange-
ment of the detector, an apparatus designed to move up and
down a subject when changing a cross section must be sepa-
rately provided. This structure is restricted to large subjects.

Thus, to solve these problems, the CT scanner disclosed in
Korean Registered Patent No. 10-0931394 includes: an opti-
cal system having an annular rotator into which a subject is
inserted and which is allowed to be rotated left and right, a
gamma-ray collimator coupled to the rotator, and a radiation
detector disposed so as to face the gamma-ray collimator; and
a driver installed outside the optical system so as to move up
and down the optical system, whereby the restriction in size of
a detectable subject and the change of a cross section of the
subject is eliminated by moving up and down the optical
system, and the subject is easily inspected by allowing the
optical system to be rotated left and right.

As described above, conventional CT scanners generally
include an X-ray generator, a mechanism for rotating a sub-
ject, and a detector. The object is disposed between the X-ray
generator and the detector, and X-rays are applied in a cross-
sectional direction of the object at various positions. In X-ray
CT scanners, attenuation of X-rays by different attenuation
coefficient of substances is measured as data from different
directions, and the data is converted into a cross-sectional
image by mathematical operations using a computer.
Thereby, the cross-sectional image corresponding to a
scanned area of the subject is reconstructed and shown.

Further, these CT scanners are divided into medical and
industrial CT scanners according to the kind of the subject,
the observation area of the subject, and the purpose of scan-
ning the subject.

The existing industrial X-ray CT scanners provide high-
definition results, but they can measure only an object such as
a disassembled part that can be placed on the turntable. For
this reason, industrial X-ray CT scanners have the drawback
of not being able to be used for, for instance, a pipe-line that
1s attached to a process system and thus is not able to be placed
on the turntable.

Further, the existing image diagnostic apparatuses of the
fan beam type, the collimated beam type, etc. having a ste-
reotyped structure are next to impossible to move and use for
undetachable process systems and their peripheral units.

That is, since the typical industrial X-ray CT scanners
perform tomography scanning on a detachable object using a
turntable, they cannot measure an undetachable object. There
are many undetachable objects such as industrial process. The
demand of tomography scanning for industrial process is
increasing but conventional CTs cannot be applied for indus-
trial process. It is preferable to provide a commercialized CT
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scanner that can be substantially applied to these objects.
However, no CT scanner that meets all requirements has been
provided up to now.

SUMMARY OF THE INVENTION

Accordingly, the present invention has been made keeping
in mind the above problems of the related art, where the
conventional tomography apparatuses, which have a stereo-
typed gantries, are next to impossible to move and use for
undetachable process systems and their peripheral devices.
Thus, an objective of the present invention is to provide a
gamma-ray tomography scanning system that is capable of
being directly attached to, and measuring a cross section of
the industrial system during their operation.

In order to achieve the above objective, according to one
aspect of the present invention, there is provided a portable
industrial limited angle gamma-ray tomography scanning
system, which includes: a scanning part for tomography scan-
ning; and a clamping part for attaching the scanning part to an
object to be measured.

Here, the scanning part may include: a source assembly
emitting radiation; driving device to rotate the source assem-
bly and a detector assembly detecting the radiation from
gamma-ray source.

Further, the detector assembly may be configured to be
fixed, and the source assembly may be configured to be
moved.

Furthermore, the source assembly may include: a source
moving slide that is displaced along the base plate; a source
moving track that is coupled to the source moving slide; and
asource collimator that is coupled to the source moving track;

Furthermore the driving device may include: a motor and a
gear that displace the source assembly.

Here, the source moving track may include teeth formed on
a lateral face thereof so as to be engaged with the gear. Thus,
when the motor is driven to rotate the gear, the source colli-
mator is displaced along the source moving track.

Further, the source moving slide coupled to the base plate
may be configured to have a detachable structure.

Meanwhile, the detector assembly may be configured so
that at least one detecting unit is arranged in a circular arc
shape.

Here, the detecting unit may employ a CsI gamma-ray
detecting unit.

The source assembly may employ a sealed gamma-ray
source, and be configured to use 1*’Cs or Co asa radioactive
isotope that emits gamma rays.

The clamping part may be manufactured depending on a
size of the object to be measured. Thus, measurements are
possible for objects having various sizes.

The portable industrial limited angle gamma-ray tomogra-
phy scanning system may further include an image recon-
structing part that performs cross-sectional reconstruction
using an image reconstruction program for the cross-sec-
tional reconstruction of limited angle data on the basis of
measured data.

Here, the image reconstruction program may be configured
to use an iterative algorithm such as the maximum likelihood-
expectation maximization (ML-EM) algorithm, a total varia-
tion (TV) algorithm, or an algebraic reconstruction technique
(ART) algorithm.

According to another aspect of the present invention, there
is provided a tomography scanning method using a portable
industrial limited angle gamma-ray tomography scanning
system. The tomography scanning method includes the steps
of: scanning an object to be measured using the portable
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industrial limited angle gamma-ray tomography scanning
system; and performing image reconstruction using an image
reconstruction program on the basis of data that is measured
using the portable industrial limited angle gamma-ray tomog-
raphy scanning system in the scanning step.

Here, the image reconstruction program may be configured
to use an iterative algorithm such as an ML-EM algorithm, a
TV algorithm, or an ART algorithm.

According to yet another aspect of the present invention,
there is provided a portable industrial limited angle gamma-
ray tomography scanning system, which includes: a scanning
part for tomography scanning; a clamping part for attaching
the scanning part to an object to be measured; and an image
reconstructing part for performing cross-sectional recon-
struction using an image reconstruction program on the basis
of measured data.

Here, the scanning part may include: a source assembly
generating radiation; driving device rotating the source
assembly; and a detector assembly detecting the radiation
generated from the source assembly.

Further, the detector assembly may be configured to be
fixed, and the radiation generator may be configured to be
displaced.

The source assembly may include: a source moving slide
that is coupled to the base plate; a source moving track that is
disposed on the source moving slide; and a source collimator
that is displaced along the source moving track.

Furthermore, driving device may include; and a motor and
a gear that displace the source assembly.

Here, the source moving track may include teeth formed on
a lateral face thereof so as to be engaged with the gear.
Thereby, when the motor is driven to rotate the gear, the
source collimator is displaced along the source moving track.

Further, the source moving slide coupled to the base plate
may be configured to have a detachable structure.

Meanwhile, the detector assembly may be configured so
that at least one detecting unit is arranged in a circular arc
shape.

Here, the detecting unit may employ a Csl gamma-ray
detecting unit.

The source assembly may employ a sealed gamma-ray
source, and be configured touse '*’Cs or *Co as a radioactive
isotope that emits gamma rays.

Further, the clamping part may be manufactured depend-
ing on a size of'the object to be measured. Thereby, measure-
ment is possible for objects of various sizes.

The image reconstruction program may be configured to
use an iterative algorithm such as an ML-EM algorithm, a TV
algorithm, or an ART algorithm.

According to still yet another aspect of the present inven-
tion, there is provided a tomography scanning method using
a portable industrial limited angle gamma-ray tomography
scanning system, which includes the measurement step using
the portable industrial limited angle gamma-ray tomography
scanning system.

According to the present invention as described above, the
portable industrial limited angle gamma-ray tomography
scanning system can be directly attached to a pipe that is in
operation to measure a cross section of the pipe.

In detail, the portable industrial limited angle gamma-ray
tomography scanning system includes a tomography scan-
ning apparatus and a clamping apparatus for attaching the
tomography scanning apparatus to an object to be measured.
The tomography scanning apparatus is configured so that a
detector assembly is fixed and a source assembly is displaced
in order to reduce a measurement time.
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Thus, the portable industrial limited angle gamma-ray
tomography scanning system can be installed on a pipe, a
reactor, or the like, which is in operation, using the tomogra-
phy scanning apparatus having the aforementioned structure,
wherein a gamma-ray source is displaced to measure at pre-
determined intervals, and penetrated gamma rays are mea-
sured and recorded at a position of the gamma-ray source by
all detecting units. When the rotation of the gamma-ray
source around the object has finished, the acquisition of data
for the tomography scanning is terminated.

Further, the data measured in this method does not have
data of a specific range of angles (i.e. limited angle data),
compared to typical tomography scanning. For this reason,
the portable industrial limited angle gamma-ray tomography
scanning system employs an image reconstruction program
to perform cross-sectional reconstruction using an iterative
algorithm such as maximum likelihood-expectation maximi-
zation (ML-EM), total variation (TV), or algebraic recon-
struction technique (ART) that have been known as being
suitable for the cross-sectional reconstruction of limited
angle data.

Accordingly, the portable industrial limited angle gamma-
ray tomography scanning system can relieve the burden of
separation, reassembly, etc. of the apparatus for attaching the
tomography scanning system at a measurement position,
reduce the measurement time by miniaturizing the source
assembly and displacing the source, and be advantageous in
constructing a portable system compared to the related art.

That is, the portable industrial limited angle gamma-ray
tomography scanning system can provide information about
the measurement of the cross section that cannot be per-
formed by existing measurement techniques, reduce the mea-
surement time, and be widely applied to the industrial field
where pipes and their equivalents need to be diagnosed.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objectives, features and advantages of
the present invention will be more clearly understood from
the following detailed description when taken in conjunction
with the accompanying drawings, in which:

FIG.11s a diagram for explaining the structural classifica-
tion of conventional computed tomography (CT) scanners;

FIG. 2 is a perspective view showing the detailed configu-
ration of a portable industrial limited angle gamma-ray
tomography scanning system according to an exemplary
embodiment of the present invention;

FIG. 3 shows the detailed configuration of the portable
industrial limited angle gamma-ray tomography scanning
system according to the exemplary embodiment of the
present invention;

FIG. 4 shows the detailed configuration of a base plate and
a source moving slide of the portable industrial limited angle
gamma-ray tomography scanning system according to the
exemplary embodiment of the present invention;

FIG. 5 shows the image reconstruction results from simu-
lation data using the portable industrial limited angle gamma-
ray tomography scanning system according to the exemplary
embodiment of the present invention;

FIG. 6 shows the image reconstruction results from experi-
mental data using the portable industrial limited angle
gamma-ray tomography scanning system according to the
exemplary embodiment of the present invention;

FIG. 7 is a diagram for explaining a detailed design for the
portable industrial limited angle gamma-ray tomography
scanning system according to the exemplary embodiment of
the present invention,
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FIG. 8 shows a locus of the movement of a source of the
portable industrial limited angle gamma-ray tomography
scanning system according to the exemplary embodiment of
the present invention;

FIG. 9 schematically shows the detailed configuration of a
detecting unit of the portable industrial limited angle gamma-
ray tomography scanning system according to the exemplary
embodiment of the present invention;

FIG. 10 is a diagram for explaining a source and its colli-
mator of the portable industrial limited angle gamma-ray
tomography scanning system according to the exemplary
embodiment of the present invention; and

FIG. 11 schematically shows how the portable industrial
limited angle gamma-ray tomography scanning system
according to the exemplary embodiment of the present inven-
tion is installed on a pipe and performs measurement.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, a portable industrial limited angle gamma-ray
tomography scanning system according to an exemplary
embodiment of the invention will be described in greater
detail with reference to the accompanying drawings.

In the following description, it is to be noted that the exem-
plary embodiment is merely one embodiment for carrying out
the present invention and thus the present invention is not
limited to this embodiment.

As described below, the present invention provides a por-
table industrial limited angle gamma-ray tomography scan-
ning system that includes an apparatus for tomography scan-
ning and a clamping apparatus for attaching the tomography
scanning apparatus to an object to be measured. Here, the
tomography scanning apparatus is configured to fix a detector
assembly and rotate a source assembly in order to reduce the
measurement time.

Further, a space for insertion around a pipe is required so
that the tomography scanning apparatus is directly attached to
the pipe that is in operation. To this end, radiation detecting
units of the detector are configured to be uniformly arranged
in a space excluding a portion for insertion around an object.
The overall arrangement of the radiation detecting units is
similar to a C-shaped arrangement.

Furthermore, the source assembly employs a sealed
gamma-ray source. The sealed gamma-ray source is movably
attached to a C-shaped unit located inside a circular arc of the
C-shaped detector.

As a radioactive isotope that emits gamma rays, '*’Cs or
%9Co may be used. The circular arc of the C-shaped detector
and an open side of the C-shaped unit that displaces the
gamma-ray source are matched with each other in the same
direction, are inserted around an object such as a pipe, and are
attached to the clamping apparatus installed in advance.

Thus, the tomography scanning system can be installed on
a pipe, a reactor, or the like, which is in operation, using the
tomography scanning apparatus having this structure, and the
gamma-ray source is displaced for measurement by a prede-
termined interval. Penetrated gamma rays are measured and
recorded at a position of the gamma-ray source by all the
detecting units. When the rotation of the gamma-ray source
around the reactor is completed, the acquisition of data for the
tomography scanning is terminated.

Further, the gamma-ray source is displaced in such a man-
ner that a circular arc “C” formed by the movement of the
gamma-ray source faces the circular arc “C” of the detector.
The data measured in this method does not have data at a
specific range of angles (i.e. limited angle data), compared to
typical tomography scanning.
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For this reason, the present invention employs an algorithm
suitable for an image reconstruction program to perform
cross-sectional reconstruction on the limited angle data. That
is, the cross-sectional reconstruction is performed using an
iterative algorithm such as maximum likelihood-expectation
maximization (ML-EM), total variation (TV), or algebraic
reconstruction technique (ART) that have been known as
being suitable for the image reconstruction of the limited
angle data.

The current diagnosis of an industrial pipeline is made by
gamma-ray radiography, gamma scan, or the like. However,
since the diagnostic results are not information about the
tomography scanning, they may lead to ambiguous results
depending on the profile of a deposit inside the pipe.

Here, the gamma-ray radiography has the drawbacks that
an imaging plate is limited in size and that the measurement
time is long.

In contrast, the portable industrial limited angle gamma-
ray tomography scanning system according to the exemplary
embodiment of the invention can not only provide informa-
tion about a cross-sectional measurement which cannot be
provided by existing measurement techniques but also
reduces the measurement time, so that it can be widely
applied to industrial fields in which the diagnosis of pipes and
their equivalents is required.

Subsequently, the portable industrial limited angle
gamma-ray tomography scanning system according to the
exemplary embodiment of the invention will be described in
greater detail with reference to the drawings.

First, the structural classification of conventional com-
puted tomography (CT) scanners will be described in detail
with reference to FIG. 1.

Referring to FIG. 1, types of conventional CT scanners are
schematically shown.

As shown in FIG. 1, a first-generation CT scanner is a
commercial CT scanner from EMI which was first developed
by Hounsfield.

In greater detail, the first-generation CT scanner uses one
X-ray source and one detector, and alternately performs hori-
zontal movement and rotation of the X-ray source and the
detector.

Thus, since the first-generation CT scanner uses one X-ray
source and one detector, it has the drawback of a long mea-
surement time being required.

Further, a second-generation CT scanner is also called a
small angle fan beam CT scanner. This small angle fan beam
CT scanner reduces the measurement time compared to the
first-generation CT scanner due to the use of several detec-
tors.

However, the second-generation CT scanner has a problem
in that the detectors are required to undergo horizontal move-
ment due to a detector angle that does not completely cover an
object.

In contrast, a third-generation CT scanner is called a fan
beam CT scanner due to its shape, and is configured so that a
beam emitted from a source to detectors ina circular arc shape
completely covers an object.

The third-generation CT scanner has the advantage that
only rotation of the source and the detectors is required for
data measurement without requiring horizontal movement,
butithas a problem in that a drift phenomenon ofthe detectors
takes place.

Further, a fourth-generation CT scanner is configured to
mount detectors in a fixed ring shape and to rotate a source.

The fourth-generation CT scanner has the advantage that it
can avoid the detector drift phenomenon occurring at the
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third-generation CT scanner, but it has the disadvantage of
increased cost due to the use of numerous detectors.

Further, medical CT scanners are different from industrial
CT scanners because the objects they measure are different
from each other. This difference leads to modification of
gantries, a difference in the radiation energy that is used, and
so forth.

The medical CT scanners mainly make use of energy of
about 120 KeV and a three- or fourth-generation measure-
ment structure, whereas the industrial CT scanners make use
of various kinds of energy ranging from 30 KeV to 10 MeV,
and various gentries for a collimated beam, a fan beam, a cone
beam, and so on.

The industrial CT scanners also use X-rays from a linear
accelerator in order to measure a specimen of high density.

Since the typical industrial CT scanners are designed to
scan a detachable object using a turntable, they cannot mea-
sure an undetachable object.

Nevertheless, in the industrial field, there are many objects
such as a process reactor, pipe line, etc. that are undetachable
and need to be scanned. However, the tomography scanning
system that can be applied to these objects has not yet been
intensively developed.

According to arecent case, pipes have been experimentally
measured using a first-generation gamma-ray CT scanner in
Indonesia, Malaysia, Vietnam, and so forth.

The first-generation CT scanner using gamma rays has
good portability due to the use of a gamma-ray source and the
drivability by simple mechanical equipment, but it has a long
measurement time. The measurement time is dependent upon
the intensity of a source and a type of detector, but it is
typically several hours or more.

In contrast, industrial process equipment has recently been
measured using a third-generation gamma-ray imaging appa-
ratus in the USA by way of experiment. In detail, several
2-inch detectors and lead shields have been temporarily
installed for the purpose of measurement. In this case, the
third-generation gamma-ray imaging apparatus has been
temporarily constructed and used for specific process equip-
ment, and thus has not been used for general process equip-
ment.

A measurement case applied to a real process using the
gamma-ray imaging apparatus as mentioned above is some-
times reported. However, there are many problems in putting
an existing measurement apparatus into practical use.

Merits and demerits of the conventional tomography scan-
ners as mentioned above are shown in Table 1 below.

TABLE 1

[Features of conventional CT scanner]

Industrial CT Scanner Merit Dermetit
Industrial X-Ray High-resolution Difficulty of
CT Scanner results mobile use
1¥-generation Good mobility Long
Gamma-Ray measurement
Scanner time
34-generation Short Difficulty of
Gamma-Ray measurement mobile use
Scanner time

Now, the detailed configuration of the portable industrial
limited angle gamma-ray tomography scanning system
according to the exemplary embodiment of the invention will
be described.
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As described above, for the on-site application of the
tomography scanning system, the tomography scanning sys-
tem is required to have high mobility and a short measure-
ment time.

To develop the gamma-ray imaging apparatus having these
characteristics, the inventors of the present invention have
applied a limited angle beam tomography technique to a
gamma-ray C1 scanner.

Originally, the limited angle beam tomography technique
was developed as a high-speed cardiac X-ray CT scanner.
This technique performs measurement for limited projection
data of CT measurement is performed, and then reconstructs
an image from the data.

The medical or industrial X-ray CT scanner makes use of
limited angle CT for the high-speed measurement of a heart,
the flow of fluid, or the like, and displaces a focal point of
electron beam at high speed using a bending magnet.

However, due to the structure of a target ring for maintain-
ing a vacuum and producing bremsstrahlung radiation, a
locus of the movement of the focal point does not cover the
entire area of 360 degrees.

Further, since this apparatus requires an X-ray generator, a
bending magnet, a controller, a vacuum chamber, and so
forth, the radiation generator becomes very voluminous.

However, since the gamma-ray tomography scanning sys-
tem uses a gamma-ray source, a radiation generation part
becomes very simple. Since the gamma-ray tomography
scanning system also uses a limited angle, it can be designed
into a structure capable of inserting an object to be measured.

Further, since the gamma-ray tomography scanning sys-
tem uses a gantry designed to fix detectors and to displace a
source, it can reduce the measurement time.

That 1s, the overall configuration of the detectors and the
source of the portable industrial limited angle gamma-ray
tomography scanning system according to the exemplary
embodiment of the invention is similar to that of the 4%-
generation CT scanner, one side of which is open.

In detail, it is possible to insert an object toward the open
side. Particularly, the scanner can be installed in such a man-
ner that it is fitted around an undetachable object such as a
industrial pipe line, a pillar-like structure or the like.

Here, to couple the scanner to the object to be measured, a
clamping apparatus connecting the scanner and the object is
required.

That is, since the scanner has a structure in which one side
is open, it is more advantageous to use a separate clamping
apparatus than to attach the scanner itself to the object.

Further, since the clamping apparatus is manufactured
depending on the size of the pipe, measurement is possible for
pipes of various sizes.

Here, data measured in the abovementioned method is a
type where data of a specific range of angles is not present
compared to that of a typical tomography scanner.

Thus, the present invention performs cross-sectional
reconstruction using an image reconstruction algorithm, suit-
able for the cross-sectional reconstruction of this limited
angle data.

Here, the cross-sectional reconstruction is performed using
an iterative algorithm such as ML-EM, TV, or ART that have
been known as being good for the image reconstruction of
limited angle data.

Subsequently, the detailed configuration of the portable
industrial limited angle gamma-ray tomography scanning
system 20 according to the exemplary embodiment of the
invention will be described with reference to FIGS. 2 to 4.

First, FIGS. 2 and 3 show the detailed configuration of the
portable industrial limited angle gamma-ray tomography
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scanning system 20 according to the exemplary embodiment
of the invention and will be described.

As shown in FIG. 2, the portable industrial limited angle
gamma-ray tomography scanning system 20 according to the
exemplary embodiment of the invention is generally made up
of a scanning part 21 for tomography scanning, and a clamp-
ing part 22 for attaching the scanning part 21 to an object to be
measured, and is attached to the outside of the object 25.

Here, the scanning part 21 for tomography scanning
includes a source assembly generating radiation, driving
device rotating the source assembly and a detector assembly
24 detecting the radiation generated from the source assem-
bly.

The scanning part 21 has a structure in which the detector
assembly 24 is fixed whereas the source assembly is displaced
in order to reduce the measurement time.

In detail, as shown in FIG. 3, the detector assembly 24 is
configured so that a plurality of detecting units 31 are
arranged in a circular arc shape, and the source assembly is
configured so that a source moving slide 33 and a source
moving track 34 are disposed on a base plate 32 in turn, and
that a source collimator 37 is displaced along the source
moving track 34 by rotation of a motor 35 and a gear 36.

That is, as shown in FIG. 3, the gear 36 is engaged to teeth
formed on a lateral face of the source moving track 34. Thus,
when the motor 35 is driven to rotate the gear 36, the source
collimator 37 is displaced along the source moving track 34
by the teeth formed on the lateral face of the source moving
track 34.

Further, as shown in FIG. 4, the source moving slide 33
coupled to the base plate 32 and may be formed in a detach-
able structure.

The plurality of detecting units 31 may be configured
using, for instance, CsI gamma-ray detecting units.

Further, as the source assembly, a sealed gamma-ray
source may be used. As a sealed radioactive isotope that emits
gamma rays, >’Cs or ®Co may be used.

Moreover, the clamping part 22 is manufactured depending
on a size of the object to be measured, and thus measurement
is possible for objects of various sizes.

Subsequently, since data measured by the aforementioned
configuration is a type where data of a specificrange of angles
is not present, cross-sectional reconstruction is performed
using an image reconstruction program suitable for the cross-
sectional reconstruction from this limited angle data.

Here, as an algorithm known to be good at the image
reconstruction of limited angle data, one of iterative algo-
rithm such as ML-EM, TV, or ART may be applied.

Thus, the configuration as described above allows the
tomography scanning to be performed on an object to be
scanned, such as a pipe or a cylinder, which is difficult to scan
using an existing tomography scanner.

Next, the results from simulation and experiment using the
portable industrial limited angle gamma-ray tomography
scanning system according to the exemplary embodiment of
the invention will be described with reference to FIGS. 5 and
6.

FIG. 5 show the results from simulation data using the
portable industrial limited angle gamma-ray tomography
scanning system according to the exemplary embodiment of
the invention.

FIG. 6 show the results from experiment data using the
portable industrial limited angle gamma-ray tomography
scanning system according to the exemplary embodiment of
the invention.

That is, the inventors of the present invention have verified
feasibility of the proposed scanner as described above using a
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Monte Carlo computer simulation technique. At that time, the
conditions of simulation were set as shown in FIG. 5.

Here, a rotation angle of the source relative to the detector
1s 270°, which is a value corresponding to 75% on the basis of
360°. As shown in FIGS. 5 and 6, it can be seen from the
results from simulation and experiment that the shape of a
phantom (i.e. an imaginary object) was successfully recon-
structed without serious distortion.

As described above, the inventors of the present invention
proved that the cross-sectional image of a pipe was success-
fully reconstructed using the portable industrial limited angle
gamma-ray tomography scanning system according to the
exemplary embodiment of the invention by means of the
Monte Carlo computer simulation technique.

Subsequently, the detailed design for the portable indus-
trial limited angle gamma-ray tomography scanning system
as described above will be described with reference to FIGS.
7 and 8.

The portable industrial limited angle gamma-ray tomogra-
phy scanning system according to the exemplary embodi-
ment of the invention makes use of a small CsI detector, and
includes an apparatus for tomography scanning and a clamp-
ing apparatus for attaching the tomography scanning appara-
tus to an object to be measured.

In detail, as shown in FIGS. 7 and 8, the tomography
scanning apparatus is configured to reduce the measurement
time in such a manner that a detector assembly is fixed
whereas a source assembly is displaced.

Here, a space for insertion around a pipe is required for
direct attachment to the pipe in operation. To this end, radia-
tion detecting units of the detector are configured to be uni-
formly arranged in a space excluding a portion for insertion
around an object.

That is, as shown in FIG. 7, the overall arrangement of the
radiation detecting units is similar to a C-shaped arrange-
ment.

Further, the source assembly employs a sealed gamma-ray
source.

As shown in FIGS. 7 and 8, the sealed gamma-ray source is
movably attached to a C-shaped source moving slide located
inside a circular arc of the C-shaped detector.

Here, as a radioactive isotope that emits gamma rays, >’Cs
or *°Co may be used.

Further, the circular arc of the C-shaped detector and an
open side of the C-shaped source moving slide for displacing
the gamma-ray source are matched with each other in the
same direction, are inserted around an object such as a pipe,
and are attached to the clamping apparatus installed in
advance by a base plate.

Here, a detector assembly for detecting gamma rays is
configured, for instance, so that a plurality of CsI gamma-ray
detecting units are arranged as shown in FIG. 9.

FIG. 10 schematically shows the source and its collimator
of the portable industrial limited angle gamma-ray tomogra-
phy scanning system according to the exemplary embodi-
ment of the invention.

As shown in FIG. 10, the source assembly includes a
source collimator 37 and a source 38.

Here, the source 38 is located at the source collimator 37,
and the source collimator 37 has a fan-shaped open face so as
to allow radiation to be emitted only towards an object to be
measured.

Thus, the portable industrial limited angle gamma-ray
tomography scanning system configured as described above
1s attached to the pipe so as to perform measurement as shown
in FIG. 11, so that it is possible to relieve the burden of
separation, reassembly, etc. of the apparatus for attaching the
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tomography scanning system at a measurement position, to
reduce the measurement time by miniaturizing the source
assembly and displacing the source, and to be widely applied
to the industrial field where the pipe and its equivalent need to
be diagnosed because it is advantageous in constructing a
portable system compared to the related art.

Although the exemplary embodiment of the present inven-
tion have been described for illustrative purposes, those
skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the scope and spirit of the invention as disclosed in the
accompanying claims.

What is claimed is:
1. A portable industrial limited angle gamma-ray tomog-
raphy scanning system comprising:

a scanning part for tomography scanning; and

a clamping part for attaching the scanning part to an object
to be measured,

an image reconstructing part for performing cross-sec-
tional reconstruction using an image reconstruction pro-
gram to perform cross-sectional reconstruction of lim-
ited angle data on the basis of measured data,

wherein the scanning part includes:

a source assembly generating radiation of gamma-ray;

a driving device rotating the source assembly; and

a detector assembly detecting the radiation generated from
the radiation source,

and the source assembly includes:

asource moving slide comprises two parts, a first part being
disposed along a base plate having a C-shaped structure
and a second part being detachable from the first part and
filling an open part of the base plate;

a source moving track that is coupled to the source moving
slide; and

a source collimator that is coupled to the source moving
track,

wherein said two parts of the source moving slide forms a
closed circular structure.
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2. The portable industrial limited angle gamma-ray tomog-
raphy scanning system as set forth in claim 1, wherein the
detector assembly is configured to be fixed, and the source
assembly is configured to be displaced.

3. The portable industrial limited angle gamma-ray tomog-
raphy scanning system as set forth in claim 1, wherein the
source moving track includes teeth formed on a lateral face
thereof so as to be engaged with the gear, whereby when the
motor is driven to rotate the gear, the source collimator is
displaced with the source moving track.

4. The portable industrial limited angle gamma-ray tomog-
raphy scanning system as set forth in claim 1, wherein the
source moving slide coupled to the base plate is configured to
have a detachable structure.

5. The portable industrial limited angle gamma-ray tomog-
raphy scanning system as set forth in claim 1, wherein the
detector assembly is configured so that multiple detecting
units are arranged in a circular arc shape.

6. The portable industrial limited angle gamma-ray tomog-
raphy scanning system as set forth in claim 5, wherein the
detecting unit employs a Csl gamma-ray detecting unit.

7. The portable industrial limited angle gamma-ray tomog-
raphy scanning system as set forth in claim 1, wherein the
source assembly employs a sealed gamma-ray source, and is
configured to use *’Cs or °Co as a radioactive isotope that
emits gamma rays.

8. The portable industrial limited angle gamma-ray tomog-
raphy scanning system as set forth in claim 1, wherein the
clamping part is manufactured depending on a size of the
object to be measured, whereby measurement is possible for
objects of various sizes.

9. The portable industrial limited angle gamma-ray tomog-
raphy scanning system as set forth in claim 1, wherein the
image reconstruction program is configured to use aniterative
algorithm such as a maximum likelihood-expectation maxi-
mization (ML-EM) algorithm, a total variation (TV) algo-
rithm, or an algebraic reconstruction technique (ART) algo-
rithm.



