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(57) Abstract: A tomography apparatus includes a data acquirer which acquires a first image which corresponds to a first time point
and a second image which corresponds to a second time point by performing a tomography scan on an object; an image reconstruct -
or which acquires first information which relates to a relationship between a motion amount of the object and the time based on a
motion amount between the first image and the second image, predicts a third image which corresponds to a third time point between
the first and second time points based on the first information, corrects the first information by using the predicted third image and
measured data which corresponds to the third time point, and reconstructs the third image by using the corrected first information;
and a display which displays the reconstructed third image.



Description
Title of Invention: TOMOGRAPHY APPARATUS AND METHOD

OF RECONSTRUCTING A TOMOGRAPHY IMAGE BY THE

TOMOGRAPHY APPARATUS
Technical Field

[1] One or more exemplary embodiments relate to a tomography apparatus and a method

for reconstructing a tomography image by the tomography apparatus.

[2] More specifically, one or more exemplary embodiments relate to a tomography

apparatus that constructs a tomography image by performing a tomography scan on a

moving object, and a method for reconstructing a tomography image which is per-

formable by the tomography apparatus.

Background Art
[3] Medical imaging apparatuses are equipment configured for acquiring an internal

structure of an object as an image. Medical image processing apparatuses are non

invasive examination apparatuses that capture images of the structural details of a

human body, internal tissue thereof, and fluid flow within a human body, process the

images, and show the processed images. A user such as a doctor may diagnose a health

state and a disease of a patient by using a medical image output from a medical image

processing apparatus.

[4] Representative examples of apparatuses for radiating X-rays onto a patient to scan an

object include tomography apparatuses. Examples of the tomography apparatuses

include a computed tomography (CT) apparatus.

[5] Among medical image processing apparatuses, CT apparatuses are capable of

providing a cross-sectional image of an object and distinctively expressing inner

structures (e.g., organs such as a kidney, a lung, etc.) of the object, as compared with

general X-ray apparatuses. Thus, CT apparatuses are widely used for accurately d i

agnosing a disease. Hereinafter, a medical image acquired by a tomography apparatus

is referred to as a tomography image. In detail, a medical image acquired by a CT

apparatus is referred to as a CT image.

[6] To acquire a tomography image, a tomography scan is performed on an object using

a tomography apparatus, and thus raw data is acquired. The tomography image is re

constructed using the acquired raw data. The raw data may be projection data acquired

by projecting X-rays to the object, or a sinogram that is a collection of pieces of the

projection data.

[7] For example, in order to acquire a CT image, image reconstruction should be

performed using a sinogram acquired by a CT scan. Reconstruction of a CT image will



now be described in detail with reference to FIG. 1.

[8] FIGS. 1A and IB are a schematic diagram and images which illustrate a CT scan and

reconstruction of a CT image, respectively.

[9] In detail, FIG. 1A is a schematic diagram which illustrates a CT scan that is

performed by a CT apparatus that performs a CT scan while rotating around an object

25 and acquires raw data which corresponds to the CT scan. FIG. IB illustrates a

sinogram acquired by a CT scan and a reconstructed CT image.

[10] The CT apparatus generates X-rays, radiates the X-rays toward the object 25, and

detects X-rays that have passed through the object 25 by using an X-ray detector (not

shown). The X-ray detector produces raw data which corresponds to the detected X-

rays.

[11] In detail, referring to FIG. 1A, an X-ray generator 20 included in the CT apparatus

radiates X-rays toward the object 25. When the CT apparatus performs a CT scan, the

X-ray generator 20 rotates around the object 25 and acquires a plurality of pieces of

raw data, for example, first raw data 30, second raw data 31, and third raw data 32,

corresponding to angles to which the X-ray generator 20 rotates, respectively. In detail,

the X-ray detector (not shown) detects X-rays applied to the object 25 at a position PI

to thereby acquire the first raw data 30, and detects X-rays applied to the object 25 at a

position P2 to thereby acquire the second raw data 31. The X-ray detector (not shown)

detects X-rays applied to the object 25 at a position P3 to thereby acquire the third raw

data 32. The raw data may include projection data.

[12] In order to generate one cross-sectional CT image, the X-ray generator 20 should

perform a CT scan while rotating at least 180 with respect to the object.

[13] Referring to FIG. IB, a single sinogram 40 may be acquired by combining the first,

second, and third raw data 30, 31, and 32 acquired while the X-ray generator 20 is

moving at intervals of a predetermined angle as described above with reference to FIG.

1A. The sinogram 40 is acquired via a CT scan performed while the X-ray generator

20 rotates during one cycle. The sinogram 40 corresponding to one cyclic rotation may

be used for generation of one cross-sectional CT image. One cyclic rotation may be

about more than a half turn or one full turn, according to the specifications of a CT

system.

[14] A CT image 50 is reconstructed by performing back-projection with respect to the

sinogram 40.

[15] In general, it takes about 0.2 seconds for the X-ray generator 20 to rotate a half turn.

[16] When an object that is a target of a CT scan moves at a relatively fast speed, motion

of the object occurs during one cycle. Due to the motion of the object, motion artifacts

may occur in the reconstruction of a CT image.

[17] A three-dimensional (3D) CT image may be reconstructed from a plurality of cross-



sectional CT images. Thus, while raw data necessary for reconstructing a 3D CT image

is being acquired, motion of an object occurs more frequently.

When motion artifacts are present in the reconstructed CT image, an edge of an

object may be blurred, or an image may be unclear. The motion artifacts in a CT image

degrade the quality of the CT image, and thus when a user, for example, a medical

doctor, reads the CT image and diagnoses a disease, the user is unable to accurately

read the CT image and diagnose the disease.

Thus, when a CT scan is performed on a moving object, it is important to reconstruct

a CT image in which image blurring caused by motion artifacts is reduced.

Disclosure of Invention

Technical Problem
When motion artifacts are present in the reconstructed CT image, an edge of an

object may be blurred, or an image may be unclear. The motion artifacts in a CT image

degrade the quality of the CT image, and thus when a user, for example, a medical

doctor, reads the CT image and diagnoses a disease, the user is unable to accurately

read the CT image and diagnose the disease.

Solution to Problem
Thus, when a CT scan is performed on a moving object, it is important to reconstruct

a CT image in which image blurring caused by motion artifacts is reduced.

One or more exemplary embodiments include a tomography apparatus which is

capable of reducing an occurrence of motion artifacts within a reconstructed to

mography image, and a tomography image reconstructing method performed by the to

mography apparatus.

Advantageous Effects of Invention
One or more exemplary embodiments can reduce an occurrence of motion artifacts

within a reconstructed tomography image.

Brief Description of Drawings
These and/or other aspects will become apparent and more readily appreciated from

the following description of exemplary embodiments, taken in conjunction with the ac

companying drawings in which:

FIGS. 1A and IB are a schematic diagram and images which illustrate a computed

tomography (CT) scan and reconstruction of a CT image, respectively;

FIG. 2 is a schematic diagram of a tomography system;

FIG. 3 illustrates a structure of the tomography system of FIG. 2;

FIG. 4 is a block diagram illustrating the communication performed by a commu

nication unit included in the tomography system of FIG. 2;

FIG. 5 is a block diagram of a tomography apparatus, according to an exemplary em



bodiment;

[30] FIG. 6 is a block diagram of a tomography apparatus, according to another

exemplary embodiment;

[31] FIG. 7 is a view which illustrates reconstruction of a tomography image according to

a half reconstruction method;

[32] FIGS. 8A and 8B are views which illustrate a scan mode and a scanning method that

are applied to a tomography scan;

[33] FIGS. 9A and 9B are views which illustrate a shape of an X-ray beam projected

toward an object;

[34] FIG. 10 is a schematic diagram which illustrates an operation of the tomography

apparatus of FIG. 6;

[35] FIGS. 11A and 1IB are schematic diagrams which illustrate reconstructions of a first

image and a second image, according to an exemplary embodiment;

[36] FIGS. 12A, 12B, and 12C are views which illustrate an operation of acquiring first

information by measuring motion of an object;

[37] FIGS. 13A, 13B, and 13C are schematic diagrams which illustrate an operation of the

tomography apparatus of FIG. 6;

[38] FIGS. 14A and 14B are schematic diagrams which illustrate an operation of the to

mography apparatus of FIG. 6;

[39] FIG. 15 is a view which illustrates a motion change of an object;

[40] FIG. 16 is a view which illustrates a correction of first information;

[41] FIG. 17 is a view which illustrates a correction of first information;

[42] FIG. 18 is a schematic diagram which illustrates a tomography image reconstruction

that is performed by the tomography apparatus of FIG. 6, according to an exemplary

embodiment;

[43] FIGS. 19A and 19B are views which illustrate tomography image reconstruction

according to a half reconstruction method, for a non-moving object;

[44] FIGS. 20A and 20B are views which illustrate tomography image reconstruction

according to the half reconstruction method, for a moving object;

[45] FIG. 2 1 is a view which illustrates the operation of reconstructing a motion-corrected

tomography image;

[46] FIG. 22 is a view which illustrates a warping operation used to reconstruct a to

mography image;

[47] FIG. 23 is another view which illustrates a warping operation used to reconstruct a

tomography image;

[48] FIG. 24 is another view which illustrates a warping operation used to reconstruct a

tomography image;

[49] FIGS. 25A and 25B illustrate screen images displayed on the tomography apparatus



of FIG. 6;

[50] FIG. 26 illustrates a screen image displayed on the tomography apparatus of FIG. 6;

[51] FIG. 27 illustrates a screen image displayed on the tomography apparatus of FIG. 6;

[52] FIGS. 28A and 28B are views which illustrate motion artifacts existing in a recon

structed tomography image;

[53] FIGS. 29A and 29B are views which illustrate motion artifacts existing in a recon

structed tomography image; and

[54] FIG. 30 is a flowchart of a tomography image reconstructing method, according to an

exemplary embodiment.

Best Mode for Carrying out the Invention
[55] This application claims the benefit of U.S. Provisional Patent Application No.

61/942,717, filed on February 21, 2014, in the U.S. Patent and Trademark Office, and

priority from Korean Patent Application No. 10-2014-0137849, filed on October 13,

2014, in the Korean Intellectual Property Office, the disclosures of which are in

corporated herein by reference in their entireties.

[56] One or more exemplary embodiments include a tomography apparatus which is

capable of reducing an occurrence of motion artifacts within a reconstructed to

mography image, and a tomography image reconstructing method performed by the to

mography apparatus.

[57] Additional aspects will be set forth in part in the description which follows and, in

part, will be apparent from the description, or may be learned by practice of the

presented exemplary embodiments.

[58] According to one or more exemplary embodiments, a tomography apparatus includes

a data acquirer configured to acquire a first image which corresponds to a first time

point and to acquire a second image which corresponds to a second time point by

performing a tomography scan on an object; an image reconstructor configured to

acquire first information which relates to a relationship between a time amount and a

motion amount of the object based on the acquired first image and the acquired second

image, to predict a third image which corresponds to a third time point between the

first and second time points based on the first information, to correct the first in

formation by using the predicted third image and measured data which corresponds to

the third time point, and to reconstruct a final third image which corresponds to the

third time point by using the corrected first information; and a display configured to

display the reconstructed final third image.

[59] The first information may include information which indicates a relationship between

a time amount and a motion amount of the object which correspond to a motion vector

field (MVF) between the first image and the second image.



[60] The image reconstructor may be further configured to correct the first information

based on predicted data acquired by forward projecting the predicted third image with

respect to the measured data.

[61] The image reconstructor may be further configured to compare the predicted data

with the measured data and to correct the first information such that a difference

between the predicted data and the measured data decreases.

[62] The image reconstructor may be further configured to compare a predicted sinogram

acquired by forward projecting the predicted third image with a measured sinogram

acquired by detecting X-rays that have been projected by the object within a time

section which corresponds to the third time point, and to correct the first information

such that a difference between the predicted sinogram and the measured sinogram

decreases.

[63] The image reconstructor may be further configured to compare a fourth image

obtained by back-projecting measured data acquired at the third time point with the

predicted third image and to correct the first information such that a difference

between the predicted third image and the fourth image decreases.

[64] The image reconstructor may be further configured to correct the first information at

the third time point which is a time point apart from the first time point toward the

second time point by a first time period.

[65] The image reconstructor may be further configured to correct the first information at

the third time point which is a time point apart from the second time point toward the

first time point by a first time period.

[66] The image reconstructor may be further configured to acquire second information by

correcting the first information at a time point apart from the first time point toward the

second time point by a first time period, to acquire third information by correcting the

first information at a time point apart from the second time point toward the first time

point by the first time period, and to generate corrected first information, based on the

second information and the third information.

[67] The image reconstructor may be further configured to warp a center of a voxel which

indicates the object based on the corrected first information and to reconstruct the final

third image by back-projecting a position of the warped center of the voxel.

[68] The data acquirer may be further configured to select two time points at which a

motion of the object is minimized within a predetermined time section as the first time

point and the second time point.

[69] The data acquirer may be further configured to reconstruct an image at intervals of a

second time period within the predetermined time section, to measure a difference

between an image reconstructed at a fourth time point and an image reconstructed at

fifth time point which is adjacent to the fourth time point, and to select two time points



at which a motion of the object is minimized, as the first time point and the second

time point based on the measured difference.

[70] The data acquirer may be further configured to acquire projection data at intervals of

a second time period within the predetermined time section, to measure a difference

between projection data reconstructed at a fourth time point and projection data recon

structed at a fifth time point which is adjacent to the fourth time point, and to select

two time points at which a motion of the object is minimized as the first time point and

the second time point based on the measured difference.

[71] The display may be configured to display a user interface (UI) screen image which

relates to selecting the first time point and the second time point.

[72] The display may be configured to display a UI screen image which relates to

selecting the third time point between the first time point and the second time point.

[73] The image reconstructor may be further configured to reconstruct a plurality of

images which respectively correspond to a plurality of time points between the first

time point and the second time point by using the corrected first information.

[74] The display may be configured to display a screen image which includes the plurality

of images.

[75] The image reconstructor may be further configured to generate a moving picture by

using the plurality of images.

[76] The display may be configured to display a UI image which relates to playing back

the moving picture.

[77] The image reconstructor may be further configured to perform motion correction

with respect to the first image and the second image by using the corrected first in

formation and to re-acquire the first information by using the motion-corrected first

image and the motion-corrected second image.

[78] According to one or more exemplary embodiments, a method for reconstructing a to

mography image includes acquiring a first image which corresponds to a first time

point and a second image which corresponds to a second time point by performing a

tomography scan on an object; acquiring first information which relates to a rela

tionship between a motion amount of the object and a time amount based on the

acquired first image and the acquired second image, predicting a third image which

corresponds to a third time point between the first time point and the second time point

based on the first information, and correcting the first information by using the

predicted third image and measured data which corresponds to the third time point; and

reconstructing a final third image which corresponds to the third time point by using

the corrected first information.

Mode for the Invention



[79] Advantages and features of one or more exemplary embodiments and methods for

accomplishing the same may be understood more readily by reference to the following

detailed description of the exemplary embodiments and the accompanying drawings.

In this regard, the present exemplary embodiments may have different forms and

should not be construed as being limited to the descriptions set forth herein. Rather,

these exemplary embodiments are provided so that this disclosure will be thorough and

complete and will fully convey the concept of the present exemplary embodiments to

one of ordinary skill in the art, and the present inventive concept will only be defined

by the appended claims. Like reference numerals refer to like elements throughout the

specification.

[80] Hereinafter, the terms used in the specification will be briefly defined, and the

exemplary embodiments will be described in detail.

[81] All terms including descriptive or technical terms which are used herein should be

construed as having meanings that are well-known to one of ordinary skill in the art.

However, the terms may have different meanings according to the intention of one of

ordinary skill in the art, precedent cases, or the appearance of new technologies. Also,

some terms may be arbitrarily selected by the applicant, and in this case, the meaning

of the selected terms will be described in detail in the detailed description. Thus, the

terms used herein have to be defined based on the meaning of the terms together with

the description throughout the specification.

[82] When a part includes or comprises an element, unless there is a particular description

contrary thereto, the part can further include other elements, not excluding the other

elements. Also, the term unit in the exemplary embodiments refers to a software

component or a hardware component such as a field-programmable gate array (FPGA)

or an application- specific integrated circuit (ASIC), and performs a specific function.

However, the term unit is not limited to software or hardware. The unit may be formed

so as to be in an addressable storage medium, or may be formed so as to operate one or

more processors. Thus, for example, the term unit may refer to components such as

software components, object-oriented software components, class components, and

task components, and may include processes, functions, attributes, procedures, sub

routines, segments of program code, drivers, firmware, micro codes, circuits, data, a

database, data structures, tables, arrays, and/or variables. A function provided by the

components and "units" may be associated with the smaller number of components and

units, or may be divided into additional components and "units".

[83] Reference will now be made in detail to exemplary embodiments, examples of which

are illustrated in the accompanying drawings, wherein like reference numerals refer to

the like elements throughout. In this regard, the present exemplary embodiments may

have different forms and should not be construed as being limited to the descriptions



set forth herein. In the following description, well-known functions or constructions

are not described in detail so as not to obscure the exemplary embodiments with un

necessary detail.

[84] Throughout the specification, an image may refer to multi-dimensional data formed

of discrete image elements, e.g., pixels in a two-dimensional (2D) image and voxels in

a three-dimensional (3D) image. For example, the image may include a medical image

of an object which is captured by a computed tomography (CT) imaging apparatus.

[85] A tomography apparatus is a typical apparatus among apparatuses configured for

capturing an image of an object by projecting X-rays toward a patient. In detail, a to

mography system may include all tomography apparatuses, such as a computed to

mography (CT) apparatus, an optical coherence tomography (OCT), or a positron

emission tomography (PET)-CT apparatus. In the following description, a CT system

is exemplified as the tomography system.

[86] Throughout the specification, a CT image may refer to an image generated by syn

thesizing a plurality of X-ray images that are obtained by photographing an object

while a CT imaging apparatus rotates around at least one axis with respect to the

object.

[87] Furthermore, in the present specification, an object may be a human, an animal, or a

part of a human or animal. For example, the object may include an organ (e.g., the

liver, the heart, the womb, the brain, a breast, or the abdomen), a blood vessel, and/or a

combination thereof. Furthermore, the object may be a phantom. The phantom means a

material having a density, an effective atomic number, and a volume that are ap

proximately the same as those of an organism. For example, the phantom may be a

spherical phantom having properties similar to the physical body.

[88] Throughout the specification, a user may be, but is not limited to, a medical expert

including a medical doctor, a nurse, a medical laboratory technologist, a medial image

expert, or a technician who repairs a medical apparatus.

[89] Since a CT system is capable of providing a cross- sectional image of an object, the

CT system may distinctively express an inner structure, e.g., an organ such as a kidney

or a lung, of the object, as compared with a general X-ray imaging apparatus.

[90] The CT system may obtain a plurality of pieces of image data with a thickness of not

more than 2 mm several tens to several hundred times per second, and then may

process the plurality of pieces of image data, so that the CT system may provide a

relatively accurate cross-sectional image of the object. According to the related art,

only a horizontal cross- sectional image of the object can be obtained, but this issue has

been overcome due to various image reconstruction methods. Examples of 3D image

reconstruction methods are as below:

[91] Shade surface display (SSD) - an initial 3D imaging method for displaying only



voxels having a predetermined Hounsfield Units (HU) value.

[92] Maximum intensity projection (MIP)/minimum intensity projection (MinIP) - a 3D

imaging method for displaying only voxels having the greatest or smallest HU value

from among voxels that construct an image.

[93] Volume rendering (VR) - an imaging method capable of adjusting a color and trans-

mittance of voxels that constitute an image, according to areas of interest.

[94] Virtual endoscopy - a method that enables endoscopy observation in a 3D image that

is reconstructed by using the VR method or the SSD method.

[95] Multi-planar reformation (MPR) - a method for reconstructing an image into a

different cross- sectional image. A user may reconstruct an image in any desired

direction.

[96] Editing - a method for editing adjacent voxels so as to enable a user to easily observe

an area of interest in volume rendering.

[97] Voxel of interest (VOI) - a method for displaying only a selected area in volume

rendering.

[98] This proposed exemplary embodiment will now be described with reference to FIG.

2. The CT system 100 may include any of various types of devices.

[99] FIG. 2 schematically illustrates the CT system 100. Referring to FIG. 2, the CT

system 100 may include a gantry 102, a table 105, an X-ray generator 106, and an X-

ray detecting unit (also referred to herein as an X-ray detector) 108.

[100] The gantry 102 may include the X-ray generator 106 and the X-ray detecting unit

108.

[101] An object 10 may be positioned on the table 105.

[102] The table 105 may move in a predetermined direction (e.g., at least one of up, down,

right, and left directions) during a CT imaging procedure. In addition, the table 105

may tilt and/or rotate by a predetermined angle in a predetermined direction.

[103] The gantry 102 may also tilt by a predetermined angle in a predetermined direction.

[104] FIG. 3 is a block diagram illustrating a structure of the CT system 100.

[105] The CT system 100 may include the gantry 102, the table 105, a control unit (also

referred to herein as a controller) 118, a storage unit (also referred to herein as a

storage and/or as a memory) 124, an image processing unit (also referred to herein as

an image processor) 126, an input unit (also referred to herein as an input device) 128,

a display unit (also referred to herein as a display device and/or as a display) 130, and a

communication unit (also referred to herein as a communicator) 132.

[106] As described above, the object 10 may be positioned on the table 105. In the present

exemplary embodiment, the table 105 may move in a predetermined direction (e.g., at

least one of up, down, right, and left directions), and a movement of the table 105 may

be controlled by the control unit 118.



[107] The gantry 102 may include a rotating frame 104, the X-ray generator 106, the X-ray

detecting unit 108, a rotation driving unit (also referred to herein as a rotation driver)

110, a data acquisition system (DAS) 116, and a data transmitting unit (also referred to

herein as a data transmitter) 120.

[108] The gantry 102 may include the rotating frame 104, which has a loop shape, and

which is capable of rotating with respect to a predetermined rotation axis RA. Alter

natively, the rotating frame 104 may have a disc shape.

[109] The rotating frame 104 may include the X-ray generator 106 and the X-ray detecting

unit 108 that are arranged to face each other so as to have predetermined fields of view

(FOV). The rotating frame 104 may also include an anti-scatter grid 114. The anti-

scatter grid 114 may be positioned between the X-ray generator 106 and the X-ray

detecting unit 108.

[110] Although FIG. 3 illustrates that the rotating frame 104 includes one X-ray generator

106, the rotating frame 104 may include a plurality of X-ray generators. When the

rotating frame 104 includes a plurality of X-ray generators, the rotating frame 104

includes a plurality of X-ray detectors which respectively correspond to the plurality of

X-ray generators. In detail, one X-ray generator 106 is one X-ray source. For example,

when the rotating frame 104 includes two X-ray generators 106, it may be stated that

the rotating frame 104 includes a dual source. In the following description, when the

rotating frame 104 includes one X-ray generator 106, the one X-ray generator 106

included in the rotating frame 104 is referred to as a single source. When the rotating

frame 104 includes two X-ray generators (not shown), the two X-ray generators

included in the rotating frame 104 is referred to as a dual source. In the circumstance in

which two X-ray generators form a dual source, one X-ray generator is referred to as a

first source and the other X-ray generator is referred to as a second source. The CT

system 100 in which one X-ray generator 106 is included in the rotating frame 104 is

referred to as a single source tomography apparatus, and the CT system 100 in which

two X-ray generators are included in the rotating frame 104 is referred to as a dual

source tomography apparatus. In a medical imaging system, X-ray radiation that

reaches a detector (or a photosensitive film) includes not only attenuated primary

radiation that forms a valuable image, but also scattered radiation that deteriorates the

quality of an image. In order to transmit most of the primary radiation and to attenuate

the scattered radiation, the anti-scatter grid 114 may be positioned between a patient

and the detector (or the photosensitive film).

[Ill] For example, the anti-scatter grid 114 may be formed by alternately stacking lead foil

strips and an interspace material, such as any of a solid polymer material, solid

polymer, and/or a fiber composite material. However, formation of the anti-scatter grid

114 is not limited thereto.



[112] The rotating frame 104 may receive a driving signal from the rotation driving unit

110 and may rotate the X-ray generator 106 and the X-ray detecting unit 108 at a pre

determined rotation speed. The rotating frame 104 may receive the driving signal and

power from the rotation driving unit 110 while the rotating frame 104 contacts the

rotation driving unit 110 via a slip ring (not shown). Further, the rotating frame 104

may receive the driving signal and power from the rotation driving unit 110 via

wireless communication.

[113] The X-ray generator 106 may receive a voltage and a current from a power dis

tribution unit (PDU) (not shown) via a slip ring (not shown) and then a high voltage

generating unit (also referred to herein as a high voltage generator) (not shown), and

may generate and emit an X-ray. When the high voltage generating unit applies a pre

determined voltage (hereinafter, referred to as a tube voltage) to the X-ray generator

106, the X-ray generator 106 may generate X-rays having a plurality of energy spectra

that correspond to the tube voltage.

[114] The X-ray generated by the X-ray generator 106 may be emitted in a predetermined

form due to a collimator 112.

[115] The X-ray detecting unit 108 may be positioned to face the X-ray generator 106. The

X-ray detecting unit 108 may be positioned to face the X-ray generator 106. Each of

the plurality of X-ray detecting devices may establish one channel, but one or more

exemplary embodiments are not limited thereto.

[116] The X-ray detecting unit 108 may detect the X-ray that is generated by the X-ray

generator 106 and that propagates through the object 10, and may generate an electrical

signal which corresponds to an intensity of the detected X-ray.

[117] The X-ray detecting unit 108 may include an indirect-type X-ray detector which is

configured for detecting radiation after converting the radiation into light, and a direct-

type X-ray detector which is configured for detecting radiation after directly

converting the radiation into electric charges. The indirect- type X-ray detector may use

a scintillator. Further, the direct-type X-ray detector may use a photon counting

detector. The DAS 116 may be connected to the X-ray detecting unit 108. Electrical

signals generated by the X-ray detecting unit 108 may be collected by wire or

wirelessly by the DAS 116. Electrical signals generated by the X-ray detecting unit

108 may be collected by wire or wirelessly by the DAS 116. In addition, the electrical

signals generated by the X-ray detecting unit 108 may be provided to an analog-

to-digital converter (not shown) via an amplifier (not shown).

[118] According to a slice thickness or the number of slices, only some of a plurality of

pieces of data collected by the X-ray detecting unit 108 may be provided to the image

processing unit 126 via the data transmitting unit 120, or the image processing unit 126

may select only some of the plurality of pieces of data.



[119] Such a digital signal may be provided to the image processing unit 126 via the data

transmitting unit 120. The digital signal may be provided to the image processing unit

126 by wire or wirelessly.

[120] The control unit 118 may control an operation of each of the elements in the CT

system 100. For example, the control unit 118 may control operations of the table 105,

the rotation driving unit 110, the collimator 112, the DAS 116, the storage unit 124, the

image processing unit 126, the input unit 128, the display unit 130, the communication

unit 132, and/or the like.

[121] The image processing unit 126 may receive data acquired by the DAS 116 (e.g., pure

data that is data before processing), via the data transmitting unit 120, and may

perform pre-processing upon the received data.

[122] The pre-processing may include, for example, any of a process of correcting a sen

sitivity irregularity between channels and a process of correcting signal loss due to a

rapid decrease in signal strength or due to the presence of an X-ray absorbing material

such as a metal.

[123] Data output from the image processing unit 126 may be referred to as raw data and/

or as projection data. The projection data may be stored in the storage unit 124 in con

junction with information relating to imaging conditions (e.g., the tube voltage, an

imaging angle, etc.) which exist during the acquisition of data.

[124] The projection data may be a group of data values that correspond to the intensity of

the X-ray that has propagated through the object 10. For convenience of description, a

group of a plurality of pieces of projection data that are simultaneously obtained from

all channels at the same imaging angle is referred to as a projection data set.

[125] The storage unit 124 may include at least one storage medium from among a flash

memory-type storage medium, a hard disk-type storage medium, a multimedia card

micro-type storage medium, card-type memories (e.g., an SD card, an XD memory,

and the like), random access memory (RAM), static random access memory (SRAM),

read-only memory (ROM), electrically erasable programmable ROM (EEPROM), pro

grammable ROM (PROM), magnetic memory, a magnetic disc, and an optical disc.

[126] The image processing unit 126 may reconstruct a cross- sectional image of the object

10 by using the acquired projection data set. The cross-sectional image may be a 3D

image. In particular, the image processing unit 126 may reconstruct a 3D image of the

object 10 by using a cone beam reconstruction method or the like, based on the

acquired projection data set.

[127] The input unit 128 may receive an external input with respect to any of an X-ray to

mography imaging condition, an image processing condition, and/or the like. For

example, the X-ray tomography imaging condition may include any of tube voltages,

an energy value setting with respect to a plurality of X-rays, a selection of an imaging



protocol, a selection of an image reconstruction method, a setting of a FOV area, the

number of slices, a slice thickness, a parameter setting with respect to image post

processing, and/or the like. Further, the image processing condition may include any of

a resolution of an image, an attenuation coefficient setting for the image, setting for an

image combining ratio, and/or the like.

[128] The input unit 128 may include a device which is configured for receiving a prede

termined input from an external source. For example, the input unit 128 may include

any of a microphone, a keyboard, a mouse, a joystick, a touch pad, a touch pen, a voice

recognition device, a gesture recognition device, and/or the like.

[129] The display unit 130 may display an X-ray image reconstructed by the image

processing unit 126.

[130] Exchanges of data, power, or the like between the aforementioned elements may be

performed by using at least one of wired communication, wireless communication, and

optical communication.

[131] The communication unit 132 may perform communication with any of an external

device, an external medical apparatus, etc. via a server 134, and/or the like. The com

munication will now be described with reference to FIG. 4.

[132] FIG. 4 is a block diagram illustrating the communication performed by the commu

nication unit 132.

[133] The communication unit 132 may be wiredly or wirelessly connected to a network

301 and thus may perform communication with an external device, such as any of the

server 134, a medical apparatus 136, and/or a portable device 138. The communication

unit 132 may exchange data with a hospital server and/or with other medical ap

paratuses in a hospital connected via a picture archiving and communication system

(PACS).

[134] The communication unit 132 may perform data communication with the external

device and/or the like, according to a Digital Imaging and Communications in

Medicine (DICOM) standard.

[135] The communication unit 132 may transmit and receive data related to diagnosing the

object 10, via the network 301. The communication unit 132 may transmit and/or

receive a medical image obtained from the medical apparatus 136 such as any of a

magnetic resonance imaging (MRI) apparatus, an X-ray apparatus, and/or the like.

[136] Furthermore, the communication unit 132 may receive a diagnosis history and/or a

medical treatment schedule about a patient from the server 134, and may use the

diagnosis history and/or the medical treatment schedule to diagnose the patient.

Further, the communication unit 132 may perform data communication not only with

the server 134 or the medical apparatus 136 in a hospital, but also with the portable

device 138 of a user or patient.



[137] In addition, the communication unit 132 may transmit information about a device

error, information about a quality control status, or the like to a system manager or a

service manager via the network 301, and may receive a feedback regarding the in

formation from the system manager or service manager.

[138] FIG. 5 is a block diagram of a tomography apparatus 500, according to an exemplary

embodiment.

[139] Referring to FIG. 5, the tomography apparatus 500 includes a data acquirer 510 and

an image reconstructor 520. The tomography apparatus 500 may further include a

display 530.

[140] The tomography apparatus 500 may be included in the tomography system described

above with reference to FIGS. 3 and 4. Alternatively, the tomography apparatus 500

may be included in the medical apparatus 136 or the portable device 138 of FIG. 4 and

may be connected to the CT system 100 in order to operate. In detail, the tomography

apparatus 500 may include any or all medical imaging apparatuses that reconstruct

images by using the data acquired by using a light beam that has propagated through

an object. In particular, the tomography apparatus 500 may be all medical imaging ap

paratuses that reconstruct images by using projection data obtained by using a light

beam that has passed through an object. In detail, the tomography apparatus 500 may

include any of a computed Tomography (CT) apparatus, an optical coherence to

mography (OCT) apparatus, and/or a positron emission tomography (PET)-CT

apparatus. Accordingly, a tomography image obtained by the tomography apparatus

500 according to the present exemplary embodiment may include any of a CT image,

an OCT image, and/or a PET image. In the drawings referred to the following de

scriptions, a CT image is exemplified as the tomography image. When the tomography

apparatus 500 is included in the CT system 100 of FIG. 2 or FIG. 3, the data acquirer

510 and the image reconstructor 520 of FIG. 5 may be included in the image

processing unit 126 or the control unit 118 of FIG. 3. The display 530 may correspond

to the display 130 of FIG. 3. Accordingly, descriptions of the CT apparatus 500 that

are the same as those made with reference to FIGS. 2 and 3 are not repeated herein.

[141] The data acquirer 510 acquires a first image which corresponds to a first time point

and a second image which corresponds to a second time point by performing a to

mography scan on an object. In detail, the data acquirer 510 may receive raw data and

reconstruct the first image corresponding to the first time point and the second image

corresponding to the second time point by using the raw data. The first image and the

second image may be two-dimensional (2D) tomography images or 3D tomography

images.

[142] The object may include a predetermined organ. In detail, the object may include at

least one selected from among the heart, the abdomen, the womb, the brain, breasts,



and the liver. For example, the object may include a heart that is expressed by a surface

thereof. A heart may include at least one of tissues having different brightness values

in a predetermined area.

[143] In detail, the data acquirer 510 may include the X-ray generator 106 of FIG. 3. The

X-ray generator 106 may acquire raw data by performing a tomography scan while

rotating around the object. The data acquirer 510 may receive the raw data from the X-

ray generator 106.

[144] The raw data may include projection data acquired by projecting radiation to the

object, or a sinogram that is a collection of pieces of the projection data. The raw data

may also include an image that is generated by performing filtered back-projection on

the projection data or the sinogram. In detail, when the X-ray generator 106 at a prede

termined position projects X-rays toward the object, a viewpoint or a direction in

which the X-ray generator 106 faces the object is referred to as a view. The projection

data is raw data acquired in correspondence with a view, and the sinogram denotes raw

data acquired by sequentially listing a plurality of pieces of projection data.

[145] In detail, when the X-ray generator 106 emits a cone beam while rotating around the

object that is moving, the data acquirer 510 may acquire raw data which corresponds to

the cone beam, and may convert the acquired raw data to raw data which corresponds

to a parallel beam by rearranging the acquired raw data. First information may be

acquired by using the raw data which corresponds to the parallel beam. In so doing, the

cone beam is converted into the parallel beam, which is referred to as rebinning, and

the first information may be acquired by using the raw data which corresponds to the

parallel beam. The rebinning of the cone beam is described below in detail with

reference to FIGS. 9A and 9B.

[146] The image reconstructor 520 acquires first information which indicates a relationship

between a motion amount of the object and the corresponding time amount, based on a

motion amount between the first image and the second image. In detail, the first in

formation indicates a motion amount of the object according to the lapse of time, and

the first information may include information which indicates a motion of a surface

forming the object at a predetermined time point. The image reconstructor 520 predicts

a third image which corresponds to a third time point between the first and second time

points based on the first information, and corrects the first information by using the

predicted third image and measured data which corresponds to the third time point.

The measured data acquired at the third time point denotes raw data acquired in a time

section which corresponds to the third time point or an image reconstructed by using

the raw data acquired in the time section which corresponds to the third time point,

when the raw data is generated using X-rays that have passed through the object and

have been detected. In particular, the measured data acquired at the third time point



denotes raw data actually acquired in order to create an image of the object at the third

time point or an image reconstructed using the actually acquired raw data. Data

predicted using the first information denotes raw data or an image that corresponds to a

state of an object at a predetermined time point that has been predicted based on a

motion amount of the object that is indicated by the first information. The data

predicted using the first information will be hereinafter referred to as predicted data.

[147] A tomography image reconstructed by the image reconstructor 520 may be a 2D to

mography image or a 3D tomography image. A case where projection data is used as

the raw data will now be illustrated. Raw data necessary for reconstructing the first

image corresponding to the first time point is referred to as first projection data, and

raw data necessary for reconstructing the second image corresponding to the second

time point is referred to as second projection data. Raw data necessary for recon

structing the third image corresponding to the third time point is referred to as third

projection data.

[148] A result of correcting the first information by using the predicted third image is

hereinafter referred to as corrected first information. The image reconstructor 520 re

constructs the third image by using the corrected first information. A third image that

is reconstructed using the corrected first information and corresponds to the third time

point is hereinafter referred to as a final third image.

[149] The motion amount may be a difference between at least one selected from among

the shape, size, and position of a predetermined object included in the first image and

that of a predetermined object included in the second image, which is generated due to

the motion of the object.

[150] The display 530 displays the third image. Since the display 530 corresponds to the

display 130 of FIG. 3, a repeated description thereof will be omitted.

[151] A detailed operation of the tomography apparatus 500 will now be described in detail

with reference to FIGS. 6-20.

[152] FIG. 6 is a block diagram of a tomography apparatus 600, according to another

exemplary embodiment.

[153] Since a data acquirer 610 and an image reconstructor 620 of FIG. 6 identically

correspond to the data acquirer 510 and the image reconstructor 520 of FIG. 5,

redundant descriptions thereof are omitted.

[154] Referring to FIG. 6, the tomography apparatus 600 includes the data acquirer 610

and the image reconstructor 620. The tomography apparatus 600 may further include at

least one selected from among a display 630, a gantry 640, a user interface 650, a

memory 660, and a communicator 670. Since the display 630, the gantry 640, the user

interface 650, the memory 660, and the communicator 670, which are included in the

tomography apparatus 600, respectively have the same operations and structures as the



display 130, the gantry 102, the input unit 128, the storage unit 124, and the commu

nication unit 132 of the CT system 100 of FIG. 3, redundant descriptions thereof are

omitted.

[155] The data acquirer 610 acquires a first image which corresponds to a first time point

and a second image which corresponds to a second time point by performing a to

mography scan on an object. The first image and the second image may be 3D to

mography images. The first image and the second image may be 2D tomography

images which are 2D cross-sectional images. In detail, the first image and the second

image may be cardiac images acquired by performing a tomography scan on a heart,

which is a moving object, or may be four-dimensional (4D) cardiac images.

[156] The image reconstructor 620 acquires first information which indicates a relationship

between a motion amount of the object and a corresponding time amount, based on a

motion amount between the first image and the second image. The image reconstructor

620 predicts a third image which corresponds to a third time point between the first

and second time points based on the first information, and corrects the first information

by using the predicted third image and measured data which corresponds to the third

time point. The image reconstructor 620 reconstructs a final third image by using the

corrected first information. Raw data may include projection data acquired by

projecting X-rays to an object, and/or a sinogram that is a collection of pieces of the

projection data. Raw data may be acquired by the gantry 640. Alternatively, the raw

data may be acquired by an external tomography system (not shown) and received via

the communicator 670.

[157] In detail, the first information may be a value which corresponds to a motion vector

field (MVF) between the first and second images. In particular, the first information

may include information which indicates a relationship between a motion amount of

the object corresponding to the MVF and the time. The first information will be

described below in more detail with reference to FIGS. 12A, 12B, and 12C.

[158] In detail, the image reconstructor 620 may compare information predicted in corre

spondence with the third time point by using the first information with information

measured in correspondence with the third time point, and correct the first information

such that a difference between the two pieces of information decreases. The correction

of the first information by the image reconstructor 620 will be described in detail with

reference to FIGS. 16 and 17.

[159] The image reconstructor 620 may reconstruct a final third image by warping the

measured data corresponding to the third time point, by using the corrected first in

formation. The term warping signifies an adjustment of the object included in the

image to fit to an expected state of the object via a change of the state of the object

included in the image, such as, for example, expanding, contracting, moving, and/or



shape transformation. In detail, the image reconstructor 620 may acquire a final third

image that is a motion-corrected image, by performing motion correction such that the

third image accurately shows a state of the object at the third time point by using the

corrected first information.

[160] The display 630 displays a predetermined screen image. In detail, the display 630

may display a user interface screen image which is useful for performing a tomography

scan or a reconstructed tomography image. Screen images that are displayed on the

display 630 according to exemplary embodiments will be described in detail below

with reference to FIGS. 18-20B.

[161] The gantry 640 may include the X-ray generator 106 of FIG. 3, the X-ray detecting

unit 108 of FIG. 3, and the DAS 116 of FIG. 3. The gantry 640 projects X-rays toward

the object, detects X-rays that have propagated through the object, and generates raw

data which corresponds to the detected X-rays.

[162] In detail, the X-ray generator 106 generates the X-rays. The X-ray generator 106

projects the generated X-rays toward the object while rotating around the object. Then,

the X-ray detector 108 detects the X-rays which have propagated through the object.

The DAS 116 produces the raw data which corresponds to the detected X-rays. The

raw data may include projection data acquired by projecting radiation to the object,

and/or a sinogram that is a collection of pieces of the projection data.

[163] In the following description, reconstructing one cross- sectional tomography image by

using the raw data acquired as the X-ray generator 106 rotates a half turn is referred to

as a half reconstruction method, and reconstructing one cross- sectional tomography

image by using the raw data acquired as the X-ray generator 106 rotates one turn is

referred to as a full reconstruction method. Further, in the following description, a

rotation time, angle, or phase of the X-ray generator 106 that rotates to acquire raw

data needed to reconstruct one cross-sectional tomography image is referred to as one

cycle.

[164] In addition, the term one-cycle angular section may denote an angular section during

which the X-ray generator 106 rotates in order to acquire raw data needed for the re

construction of one cross- sectional tomography image. Alternatively, the one-cycle

angular section may denote a section of projection data needed to reconstruct one

cross- sectional tomography image. In this case, the one-cycle angular section may be

referred to as a one-cycle angular section of projection data.

[165] For example, one cycle in the half reconstruction method may be 180 or more, and

one cycle in the full reconstruction method may be 360. For example, the one-cycle

angular section of projection data in the half reconstruction method that uses the

rebinned parallel beam may be an angle of 180+fan angle by adding a fan angle to 180.

For example, when the fan angle is about 60, the one-cycle angular section of



projection data in the half reconstruction method may be about 240 (180+60). The one-

cycle angular section in the full reconstruction method may be 420 (360+60) by adding

the fan angle to 360.

[166] Reconstructing a tomography image by using raw data acquired in an angular section

that is less than one cycle is referred to as a partial angle reconstruction (PAR) method.

[167] The tomography apparatuses 500 and 600, according to exemplary embodiments,

may be employed for all of the PAR method, the full reconstruction method, and the

half reconstruction method.

[168] In detail, the gantry 640 may acquire the raw data by performing a tomography scan

according to at least one selected from among the PAR method, the full reconstruction

method, and the half reconstruction method. The data acquirer 610 reconstructs the

first and second images by using the raw data received from the gantry 640 or from an

externally connected tomography system.

[169] The user interface 650 produces and outputs a user interface (UI) image which relates

to receiving a command or data from a user, and receives command or data from the

user via the UI image. The UI image output by the user interface 650 is output to the

display 630. Then, the display 630 may display the UI image. The user may recognize

some information from the UI image displayed on the display 630 and may input a

command or data via the UI mage.

[170] For example, the user interface 650 may include any of a mouse, a keyboard, and/or

an input device which includes hard keys for inputting predetermined data. For

example, the user may input data or a command by manipulating at least one selected

from among a mouse, a keyboard, and other input devices included in the user

interface 650.

[171] The user interface 650 may include a touch pad. In detail, the user interface 650

includes a touch pad (not shown) coupled with a display panel (not shown) included in

the display 630 and outputs the UI image to the display panel. When a command is

input via the UI image, the touch pad may sense the input operation and recognize the

command input by the user.

[172] In detail, when the user interface 650 includes a touch pad and the user touches a

certain point on the UI image, the user interface 650 senses the touched point. Then,

the user interface 650 may transmit sensed information to the image reconstructor 620.

Then, the image reconstructor 620 may recognize a user's request or command in cor

respondence with a menu shown on the sensed point and may perform tomography

image reconstruction according to the recognized request or command.

[173] The memory 660 may store the data acquired according to the tomography scan. In

detail, the memory 660 may store at least one selected from among projection data and

a sinogram, which are raw data. The memory 660 may also store any of various kinds



of data, programs, and the like necessary for reconstructing a tomography image, and

also a finally-reconstructed tomography image. The memory 660 may also store

various pieces of data needed for acquisition of the first information and the acquired

first information.

[174] The memory 660 may include at least one storage medium selected from among a

flash memory type storage medium, a hard disk type storage medium, a multimedia

card micro type storage medium, card type memory (for example, a secure digital (SD)

or extreme digital (XD) memory), random access memory (RAM), static random

access memory (SRAM), read-only memory (ROM), electrically erasable pro

grammable ROM (EEPROM), programmable ROM (PROM), magnetic memory, a

magnetic disk, and an optical disk.

[175] The communicator 670 may perform communication with any of an external device,

an external medical apparatus, and/or the like. For example, the communicator 670

may be connected to an external tomography system or apparatus and may receive the

first image and the second image therefrom. Alternatively, the communicator 670 may

receive raw data necessary for reconstructing the first image and the second image. In

this case, the data acquirer 610 may receive the first image and the second image or the

raw data necessary for reconstructing the first image and the second image, via the

communicator 670. When the data acquirer 610 may receive the raw data, the image

reconstructor 620 may reconstruct the first and second images based on the received

raw data.

[176] As described above, when an object moves as fast as the heart, motion artifacts are

typically present within a reconstructed tomography image. An operation of the to

mography apparatus 600 capable of increasing the quality of an image by minimizing

occurrence of motion artifacts within a reconstructed tomography image will now be

described in detail with reference to FIGS. 7-24.

[177] In the tomography apparatuses 500 and 600 according to exemplary embodiments,

the first image and the second image may be acquired according to any of a variety of

scan modes. In the tomography apparatuses 500 and 600 according to exemplary em

bodiments, the X-ray generator 106 which generates X-rays that are emitted in any of a

variety of shapes may be employed.

[178] The image reconstruction method, the scan mode, and the radiation shape of X-rays

which are applicable to the tomography apparatuses 500 and 600 will now be

described in detail with reference to FIGS. 7-9B.

[179] FIG. 7 is a view which illustrates a reconstruction of a tomography image according

to the half reconstruction method.

[180] Referring to FIG. 7, when the X-ray generator 106 projects a cone beam having a fan

shape at a predetermined position, the X-ray generator 106 may perform a tomography



scan while rotating by an angle equivalent to an angle of 180+(fan angle2) in the half

reconstruction method, and may reconstruct a tomography image by using raw data

acquired at the angle of 180+(fan angle2). When a reconstruction operation is

performed by converting the fan beam to a parallel beam, or when the X-ray generator

106 projects a parallel beam, a tomography image may be reconstructed by using raw

data corresponding to the angular section having an angle of 180+fan angle in the half

reconstruction method. In particular, when a cone beam is used, the amount of raw

data required increases as the fan angle increases, as compared with a case of recon

structing a tomography image by using the raw data acquired by using the parallel

beam.

[181] In detail, when a beam is not a cone beam but a parallel beam as described in FIG.

9B, the angle for additional rotation is decreased to be less than the fan angle a for the

case of a cone beam, and the X-ray generator 106 rotates by an angle of 180+a as one

cycle. For example, when the fan angle is 60, the raw data acquired in the angular

section of 300 (180+2a) is needed for a case of using a cone beam, and the raw data

acquired in the angular section of 240 (180+a) is needed for a case of using a parallel

beam. Accordingly, when a parallel beam is used, the half reconstruction method may

be performed at an angle 240 (180+a) as one cycle.

[182] FIG. 7 illustrates a case of using a parallel beam, in which the half reconstruction

method is performed by using raw data acquired in the angular section of, for example,

180+fan angle a.

[183] Referring to FIG. 7, when the X-ray generator 106 at a beam position 710 projects X-

rays toward an object 705, the X-ray detector 108 detects the X-rays on a detection

plane 720. The beam position 710 rotates around the object 705 as a center by an angle

of 180+a, which is one cycle. The detection plane 720 rotates in correspondence with

the beam position 710. In detail, the beam position 710 moves by 180 from a +Y axis

to a -Y axis and further moves by the fan angle equivalent to a, to a position 733.

[184] In the half reconstruction method, one cross-sectional tomography image is recon

structed by using pieces of projection data acquired in a first a angular section 735, an

intermediate angular section 737, and a last a angular section 736.

[185] As the time taken to acquire raw data necessary for reconstructing a cross- sectional

tomography image decreases, an image having reduced motion artifacts may be recon

structed.

[186] In addition, as the time taken to acquire raw data necessary for reconstructing one

cross- sectional tomography image decreases, a temporal resolution may be increased.

Accordingly, when the X-ray generator 106 rotates at a predetermined speed, a to

mography image reconstructed according to the half reconstruction method may have a

higher temporal resolution than a tomography image reconstructed according to the



full reconstruction method.

[187] Moreover, the tomography apparatuses 500 and 600 according to exemplary em

bodiments may acquire the first image and the second image by performing a to

mography scan according to any of a variety of scan modes. Examples of the scan

modes used for a tomography scan may include a prospective mode and a retrospective

mode, which will be described below in detail with reference to FIGS. 8A and 8B. The

tomography apparatuses 500 and 600 according to exemplary embodiments may

perform a tomography scan according to any of a variety of scanning methods.

Examples of the scanning methods used for a tomography scan include an axial

scanning method and a helical scanning method, which will now be described in detail

with reference to FIGS. 8A and 8B.

[188] FIGS. 8A and 8B are views which illustrate a scan mode and a scanning method that

are applied to a tomography scan. In detail, FIG. 8A is a view which illustrates a to

mography scan according to an axial scanning method. Additionally, FIG. 8A is a view

which illustrates a tomography scan according to a prospective mode. FIG. 8B is a

view which illustrates a tomography scan according to a helical scanning method. A d

ditionally, FIG. 8B is a view which illustrates a tomography scan according to a retro

spective mode.

[189] The scan mode may be determined according to whether or not a heartbeat rate of a

patient that is subject to imaging is constant. Electrocardiographic (ECG) gating may

be used to acquire raw data that is used for reconstruction of an image. In FIGS. 8A

and 8B, while a tomography scan is performed, the table 105 of FIG. 3 is moved in an

axial direction of a patient 805.

[190] Referring to FIG. 8A, the axial scanning method is a tomography method in which

X-rays are projected for scanning while the table 105 of FIG. 3 is stopped, the table

105 is moved by a predetermined interval from 801 to 802, and then X-rays are

projected for a predetermined section 822, thereby obtaining raw data. The to

mography apparatuses 500 and 600 according to the present exemplary embodiments

may perform a tomography scan by using the axial scanning method and thus acquire

at least one selected from the first image, the second image, the third image, and the

final third image.

[191] Referring to FIG. 8A, for a person having a constant heart beat rate, an ECG signal

810 is regularly gated by employing a prospective mode. In the prospective mode, a

predetermined section 821, which is at a time point t3 spaced apart from an R peak 811

by a predetermined time period, is automatically selected. X-rays are applied to the

object 805 during the gated predetermined section 821 in order to acquire raw data. In

the prospective mode, the predetermined section 822, which is at a time point t4 spaced

apart from an R peak 812 by a predetermined time period, is automatically selected. At



this time, X-rays are projected for scanning while the table 105 of FIG. 3 is stopped,

the table 105 is moved by the predetermined interval from 801 to 802, and then X-rays

are projected for the predetermined section 822, thereby obtaining raw data. A method

for performing a tomography scan by moving in an axial direction of an object as i l

lustrated in FIG. 8A is referred to as an axial reconstruction method. In detail, as a half

reconstruction method, a method for performing a tomography scan by moving in an

axial direction of an object as illustrated in FIG. 8A is referred to as an axial half re

construction method. The tomography apparatuses 500 and 600 according to the

present exemplary embodiments may employ the axial scanning method.

[192] The data acquirer 610 reconstructs tomography images 831 and 832 by using the

pieces of raw data acquired in the gated sections 821 and 822.

[193] Referring to FIG. 8B, the helical scanning method is a tomography method in which

X-rays are continuously projected for scanning while the table 105 of FIG. 3 is moved

during a predetermined time period from t=0 to t=end. In detail, a tomography scan is

performed by continuously moving, for a predetermined time period at a prede

termined speed, the table 105 of FIG. 3 on which the patient 805 including the object is

laid, and continuously projecting X-rays to an object while the table 105 is moving.

Accordingly, a motion trajectory 850 of the X-rays may be in a helix form.

[194] Referring to FIG. 8B, when a heartbeat rate of a patient is irregular, as in the case of

an arrhythmia patient, regularity of a heart beat rate is degraded, and thus it may be im

possible to uniformly detect the cycle as in the prospective mode. In this case, an ECG

signal 860 is irregularly gated in the retrospective mode. In the retrospective mode,

raw data is acquired by radiating X-rays in all cycles of ECG signals or in consecutive

predetermined cycles of ECG signals, and then partial cycles for tomography image re

construction are selected. In particular, in the retrospective mode, after a user indi

vidually sets partial cycles for use in image reconstruction to detect partial cycles 861,

862, and 863, the user uses pieces of raw data respectively acquired during the detected

partial cycles 861, 862, and 863 in tomography image reconstruction.

[195] In detail, in the retrospective mode, X-rays are continuously projected for a certain

time period from t=0 to t=end, thereby performing a tomography scan. Since the table

105 of FIG. 3 continuously moves at a predetermined speed for a predetermined period

time, the motion trajectory 850 of the X-rays is in a helix form.

[196] A method for performing an X-ray scan by continuously projecting X-rays while the

table is being moved such that the motion trajectory 850 has a helix form as illustrated

in FIG. 8B is referred to as a helical reconstruction method. In detail, among half re

construction methods, the method for performing an X-ray scan by continuously

projecting X-rays while the table is being moved as illustrated in FIG. 8B is referred to

as a helical half reconstruction method. The tomography apparatuses 500 and 600



according to the present exemplary embodiments may employ a helical half recon

struction method.

[197] In a detailed example, for a patient having an irregular heart beat rate, a tomography

scan may be performed by applying the retrospective mode to the helical scanning

method. For a patient having a regular heart beat rate, a tomography scan may be

performed by applying the prospective mode to the axial scanning method. However,

exemplary embodiments are not limited thereto, and a tomography scan may be

performed by applying the prospective mode to the helical scanning method or by

applying the retrospective mode to the axial scanning method.

[198] FIGS. 9A and 9B are views which illustrate a shape of an X-ray beam projected

toward the object. In detail, FIG. 9A illustrates an example in which the X-ray

generator 106 projects X-rays in the form of a cone beam. FIG. 9B illustrates an

example in which the X-ray generator 106 projects X-rays in the form of a parallel

beam.

[199] Referring to FIG. 9A, when the X-ray generator 106 moves along a trajectory 910

and projects X-rays at a predetermined position 920, the X-rays are projected toward

the object in a cone shape 930, as illustrated in FIG. 9A.

[200] Referring to FIG. 9B, when the X-ray generator 106 moves along a trajectory 950

and projects X-rays at a predetermined position 960, the X-rays are projected toward

the object in a parallel plane shape 970, as illustrated in FIG. 9B.

[201] Referring to FIG. 9B, when the X-ray generator 106 projects X-rays in the form of a

cone beam, the X-ray beams projected in the form of a cone are rearranged to be in

parallel on a plane 980 that is formed by connecting the row of the X-ray detector 108

and the position 960 at which the X-ray generator 106 is positioned. In particular, the

cone beam may be converted into a pseudo parallel-beam for use. When the cone beam

is converted into a parallel beam for use, in the cone beam, the X-ray generator 106

needs to acquire raw data by further rotating the fan angle a, as compared with the

parallel beam. In detail, when the fan angle is a, the X-ray generator 106 that projects a

cone beam may acquire raw data which corresponds to the angular section having an

angle of 180+a which corresponds to the rebinned parallel beam, by using the raw data

acquired in the angular section having an angle of 180+2a.

[202] As described above with reference to FIGS. 9A and 9B, the tomography apparatuses

500 and 600 according to the present exemplary embodiments may be applied to both

of a tomography apparatus radiating a cone beam and a tomography apparatus

radiating a parallel beam.

[203] For convenience of explanation, in the half reconstruction method, an angular section

except for 180 in the one-cycle angular section that is an angular section that the X-ray

generator 106 rotates to acquire projection data needed for acquiring one cross-



sectional tomography image will now be referred to as an additional angle. In the

above-described example, when a rebinned parallel beam obtained by rebinning the

cone beam projected from the X-ray generator 106 is used, the additional angle may be

2a. When a parallel beam projected from the X-ray generator 106 is used, the ad

ditional angle may be a. When the rebinned parallel beam is used, the X-ray generator

106 acquires the projection data corresponding to the angular section having an angle

of 180+a by using the raw data acquired while rotating the angular section having an

angle of 180+2a. Assuming a section of the projection data acquired to reconstruct one

cross- sectional tomography image to be the one-cycle angular section, the additional

angle may signify an angular section obtained by subtracting 180 from the one-cycle

angular section of the projection data. In the above-described example, when the X-ray

generator 106 rotates the angular section having an angle of 180+2a projecting a cone

beam and thus the projection data corresponding to the angular section having an angle

of 180+a is acquired by using the rebinned parallel beam, the one-cycle angular section

of the projection data may be 180+a, and the additional angle in the one-cycle angular

section of the projection data may be a.

[204] In addition, when the X-ray generator 106 performs a tomography scan by projecting

a cone beam toward the object and acquires first information and a tomography image

by using the rebinned parallel beam as in the above-described example, the one-cycle

angular section for rotation of the X-ray generator 106 may be 180 + 2*fan angle

(=180 + 2a), and the additional angle may be 2 * fan angle (= 2a).

[205] When the tomography apparatuses 500 and 600 according to the present exemplary

embodiments perform a CT scan, both a single slice CT method in which a CT scan is

performed using a single slice and a multi-slice CT method in which a CT scan is

performed using a plurality of slices may be applied. The tomography apparatuses 500

and 600 according to the present exemplary embodiments may be applied to both a

single source single detector (or a single source tomography apparatus) that uses one

light source and one detector to perform a CT scan, and to a two source two detector

(or a dual source tomography apparatus) that uses two light sources and two detectors

to perform a CT scan. The light source denotes the X-ray generator 107 and the

detector denotes the X-ray detector 108.

[206] FIG. 10 is a schematic diagram which illustrates an operation of the tomography

apparatus 600, according to an exemplary embodiment.

[207] The data acquirer 610 acquires a first image which corresponds to a first time point

and a second image which corresponds to a second time point. In detail, the first image

and the second image are acquired by performing a tomography scan on the same

object at different time points. A sinogram which includes a plurality of pieces of

projection data will now be exemplified as raw data, and a case in which the first and



second images are 3D tomography images will now be described.

] In detail, when a user desires to reconstruct a tomography image of an object at a

time point included in a predetermined time section, the first time point may

correspond to a lower limit of the predetermined time section, and the second time

point may correspond to an upper limit of the predetermined time section. For

example, when a user wants to reconstruct a tomography image of a heart at a time

point included in a time section between t l and t2, the first time point may be t l and

the second time point may be t2. The time section between tl and t2 is referred to as a

total time section, and the total time section is PI, P2, or P3. For example, the time

section between t l and t2 may correspond to a beat rate of a heart.

] Referring to FIG. 10, the data acquirer 610 may acquire a sinogram 1021 at a first

time section PI 1 corresponding to the first time point t l and a sinogram 1022 at a

second time section P12 corresponding to the second time point t2. The data acquirer

610 may reconstruct a first image 1050 by using the sinogram 1021 and reconstruct a

second image 1060 by using the sinogram 1022. For example, the first time point t l

may be a middle point of the first time section P I 1 and the second time point t2 may be

a middle point of the second time section P I2.

] Any of various reconstruction methods may be used to reconstruct a tomography

image. For example, as a method for reconstructing a tomography image in the to

mography apparatuses 500 and 600, any of a back projection method, a filtered back-

projection method, an iterative method, a matrix inversion method, an analytical

method, or the like may be used.

] According to the back projection method, an image is reconstructed by back-

projecting projection data acquired in a plurality of views to a pixel plane and

summing the back-projected data. In detail, the back projection method may entail

acquiring an image similar to a real image by using multiple pieces of projection data

in a plurality of directions. Further, filtering may be additionally performed in order to

remove artifacts existing in a reconstructed image and to improve image quality.

] The filtered back-projection method is an improvement to the back projection

method and removes blurring or artifacts that may occur in the back projection method.

According to the filtered back-projection method, raw data is filtered before back

projection is performed, and the filtered raw data is back projected, thereby recon

structing a tomography image.

] The filtered back-projection method is generally widely used for reconstruction of a

tomography image, is a method that may be simply embodied, and is effective in terms

of a calculation amount for image reconstruction. The filtered back-projection method

is a method that mathematically induces a reverse transformation from a Radon trans

formation, which is a process of acquiring a sinogram from a 2D image. According to



the filtered back-projection method, it is relatively simple to extend a 2D image to a

3D image. In detail, in the filtered back-projection method, an image is reconstructed

by performing back projection after filtering projection data by using a Shepp and

Logan filter that is a type of high pass filter.

[214] In the following description, a case of reconstructing a tomography image by using a

filtered back projection method is described as an example.

[215] In detail, the data acquirer 610 gates a plurality of first time sections P I 1, P21, and

P31 for generating the first image 1050 at a plurality of cycles of an ECG signal.

Sinograms 1021, 1031, and 1041 are respectively acquired in the first time sections

P I 1, P21, and P31. The data acquirer 610 also gates a plurality of second time sections

P I2, P22, and P32 for generating the second image 1060 at the plurality of cycles of

the ECG signal. Sinograms 1022, 1032, and 1042 are respectively acquired in the

second time sections P I2, P22, and P32. The data acquirer 610 may reconstruct the

first image 1050 by back-projecting the sinograms 1021, 1031, and 1041, and may re

construct the second image 1060 by back-projecting the sinograms 1022, 1032, and

1042.

[216] Then, the data acquirer 610 may generate first information by comparing the first

image 1050 with the second image 1060. The generation of the first information will

be described below in more detail with reference to FIGS. 12A, 12B, and 12C.

[217] Although FIG. 10 illustrates a case in which sinograms acquired in a plurality of time

sections are used to reconstruct the first image 1050 and the second image 1060, the

first image 1050 and the second image 1060 may be reconstructed by using a sinogram

acquired in a single time section.

[218] Reconstruction of the first image 1050 and the second image 1060 via ECG gating

will now be described in detail with reference to FIGS. 11A and 1IB.

[219] FIGS. 11A and 1IB are schematic diagrams which illustrate a reconstruction of a

first image 1120 and a second image 1150 according to an exemplary embodiment. In

detail, FIG. 11A is a view which illustrates a generation of the first image 1120. FIG.

1IB is a view which illustrates a generation of the second image 1150. The first image

1120 and the second image 1150 identically correspond to the first image 1050 and the

second image 1060 of FIG. 10, respectively.

[220] FIGS. 11A and 1IB illustrate a case in which the first and second images 1120 and

1150 are 3D tomography images that express a heart three-dimensionally. The 3D to

mography images may be reconstructed to represent any of various views such as a

sagittal view, a coronal view, and a transaxial view. The first image and the second

image reconstructed by the image reconstructor 620 may be 2D tomography images.

[221] Referring to FIG. 11A, the data acquirer 610 extracts a plurality of time sections PI 1,

P21, P31, P41, and P51 during which a motion of a heart is minimized, by gating an



ECG signal 1100. A plurality of image sections 1121, 1122, 1123, 1124, and 1125 are

reconstructed using sinograms respectively acquired in the plurality of time sections

Pll, P21, P31, P41, and P51. In FIG. 11A, the time sections Pll, P21, and P31

identically correspond to the time sections Pll, P21, and P31 of FIG. 10, respectively.

[222] In detail, the data acquirer 610 reconstructs the first image section 1121 by using the

sinogram acquired during the time section Pll, reconstructs the second partial image

section 1122 by using the sinogram acquired during the time section P21, and re

constructs the third image section 1123 by using the sinogram acquired during the time

section P31. The data acquirer 610 reconstructs the fourth image section 1124 by using

the sinogram acquired during the time section P41 and reconstructs the fifth image

section 1125 by using the sinogram acquired during the time section P51.

[223] The first image 1120 may be reconstructed by synthesizing the plurality of image

sections 1121, 1122, 1123, 1124, and 1125.

[224] Referring to FIG. 1IB, the data acquirer 610 extracts a plurality of time sections P I2,

P22, P32, P42, and P52 during which a motion of a heart is minimized, by gating the

ECG signal 1100. A plurality of image sections 1151, 1152, 1153, 1154, and 1155 are

reconstructed using sinograms respectively acquired in the plurality of time sections

P12, P22, P32, P42, and P52. In FIG. 11B, the time sections P12, P22, and P32

identically correspond to the time sections P12, P22, and P32 of FIG. 10, respectively.

[225] In detail, the data acquirer 610 reconstructs the first image section 1151 by using the

sinogram acquired during the time section PI2, reconstructs the second image section

1152 by using the sinogram acquired during the time section P22, and reconstructs the

third image section 1153 by using the sinogram acquired during the time section P32.

The data acquirer 610 reconstructs the fourth image section 1154 by using the

sinogram acquired during the time section P42 and reconstructs the fifth image section

1155 by using the sinogram acquired during the time section P52.

[226] The second image 1150 may be reconstructed by synthesizing the plurality of image

sections 1151, 1152, 1153, 1154, and 1155.

[227] FIGS. 12A, 12B, and 12C are views which illustrate an operation of acquiring first

information by measuring a motion of an object. An operation in which the image re-

constructor 620 acquires the first information will now be described in detail with

reference to FIGS. 10-12C. In detail, FIG. 12A is a view which illustrates a

comparison between a first image 1210 and a second image 1220. FIG. 12B is a view

which illustrates a motion amount between the first image 1210 and the second image

1220. FIG. 12C is a view which illustrates first information 1280.

[228] Referring to FIG. 12A, the first image 1210 and the second image 1220 identically

correspond to the first image 1050 and the second image 1060 of FIG. 10, respectively.

However, for convenience of explanation, FIG. 12A simply illustrates the first image



1210 and the second image 1220.

[229] A case in which the first image 1210 and the second image 1220 are 2D images and

the surface of an object is shown as an edge within an image will now be described.

[230] Referring to FIG. 12A, the first image 1210 and the second image 1220 are

schematic illustrations of tomography images obtained by scanning a moving object. In

FIG. 12A, at least one object, namely, objects 1211 and 1212 or objects 1221 and 1222

included in one image, is expressed as a circular object.

[231] In detail, in order to compare the respective amounts of motions of the objects, the

objects 121 1 and 1212 included in the first image 1210 are compared with the objects

1221 and 1222 included in the second image 1220, respectively. According to a result

of the comparison, the motion amount of each of the objects may be obtained as il

lustrated in a comparative image 1230.

[232] Referring to FIG. 12B, the surfaces indicating the same portions of the objects

included in the first and second images 1210 and 1220 may be compared with each

other, and thus, motion vectors which indicate positional difference values and d i

rections between the compared surfaces may be obtained. The motion vector may be

used as a representation of the amount of the motion of the object. Information that

includes motion vectors and indicates a motion amount of a predetermined portion of

the object may include a motion vector field (MVF). In particular, the MVF indicates a

motion amount of a surface forming the object.

[233] The MVF is information acquired for extraction of motion of the object, and the

motion amount of the object may be measured by using non-rigid registration. The

motion amount of the object may be measured by using any of a variety of motion

measurement techniques, such as rigid registration, an optical flow technique, and a

feature matching technique.

[234] In the following description, a case of using the non-rigid registration to acquire the

MVF is described as an example.

[235] In detail, a plurality of control points are set in an image grid of the first image 1210

or the second image 1220, and an optimal motion vector is calculated at each control

point. The motion vector is a vector which includes the direction and the magnitude of

the motion. The respective motion vectors at the control points are interpolated to

obtain the MVF which indicates motion vectors in all voxels. For example, a B-spline

free form deformation method may be used as a motion vector interpolation method.

An optimization technique may be used as a method for calculating an optimal motion

vector at each control point. In detail, according to the optimization technique, the

MVF is updated by repeatedly updating the motion vectors at each of the plurality of

control points, the first image 1210 or the second image 1220 is warped based on the

updated MVF, and then a warped first or second image is compared with the second



image 1220 or the first image 1210 before warping. When a degree of similarity

between an image before warping and an image after warping is sufficiently high, the

repetition is terminated and an optimal motion vector is calculated. The degree of

similarity may be indicated by using a negative value of a sum of squared differences

of brightness values of two images to be compared.

[236] In another method, the motion vectors may be obtained by setting a plurality of

control points on a surface of the object and comparing the control points indicating

the same positions in the objects in the first image 1210 and the second image 1220. In

detail, a relative difference between the control points is obtained by matching the

control points of the object in the first image 1210 to the control points of the object in

the second image 1220. The relative difference value may be used as a motion vector

at a current control point. Then, the respective motion vectors at the control points are

interpolated to obtain the MVF which indicates motion vectors in all voxels. Similarly

as in the above-described example, a B-spline free form deformation method may be

used as a motion vector interpolation method.

[237] Referring to FIG. 12C, a total time section 1260, a first time section 1261, and a

second time section 1262 identically correspond to the total time section (e.g., PI), the

first time section P I 1, and the second time section P12 of FIG. 10, respectively.

[238] In FIG. 12C, which is a graph that depicts the first information 1280, an x-axis

denotes a total time section, and a y-axis denotes a motion amount. In detail, when the

amount of motion of an object within an MVF is represented by values between zero

(0) and one (1), the Y axis denotes a quantized motion amount of the object. For

example, when the absolute values of motion vectors within the MVF are equivalent to

the motion amounts of the object, the absolute values of the motion vectors may be

converted into the values between 0 and 1.

[239] In detail, the first information 1280 may include information which indicates a rela

tionship between a motion amount of the object in the MVF between the first image

1210 and the second image 1220 and a corresponding time amount. The time amount

may be based on a time section set by a user or the like. The time amount may also be

based on a time section between the first time point t l and the second time point t2.

For example, if a user wants to observe a motion of an object for two seconds, the user

may set the total time section 1260 to be equivalent to two seconds. When two time

points when motion of the object is the smallest are set to be the first time point t l and

the second time point t2, the time section between the first time point t l and the second

time point t2 may be set as the total time section 1260.

[240] When a motion amount of the second image 1220, which has been reconstructed by

using a sinogram acquired in the second time section 1262, is measured by using the

first image 1210, which has been reconstructed by using a sinogram acquired in the



first time section 1261, which is a start section of the total time section 1260, as a

reference image, the motion amount of the first image 1210 may have a 0% motion

value and the motion amount of the second image 1220 may have a 100% motion

value.

[241] In detail, when the motion amount of the object and the corresponding time amount

have a linear relationship, the data acquirer 610 may respectively match a zero MVF

and the MVF that indicates a motion amount between the first and second images 1210

and 1220, with a minimum weighting value or 0% and a maximum weighting value or

100%. In detail, the zero MVF may correspond to a start point t=0 of the total time

section 1260, and the MVF which indicates a motion amount between the first and

second images 1210 and 1220 may correspond to an end point of the total time section

1260. In detail, when the MVF between the first and second images 1210 and 1220 has

been calculated, the motion amount having 100% motion value may be a sum, an

average, or the like of the absolute values of all motion vectors in the MVF between

the first and second images 1210 and 1220. In the first information 1280, the motion

amount may be expressed as a weighting value into which the motion amount

calculated in the MVF is converted.

[242] In FIG. 12C, the MVF corresponding to a motion amount between the first and

second images 1210 and 1220 is quantified to have values between 0 and 1. A value of

the Y axis corresponding to a motion amount of the object in the first information 1280

will now be referred to as a weighting value.

[243] As illustrated in FIG. 12C, a relationship between the time amount and the weighting

value in the first information 1280 may have linearity. For example, when the total

time section 1260 is short, for example, about 0.2 seconds, the relationship between the

time and the weighting value in the first information 1280 may have linearity. In detail,

the weighting value and the time may be displayed as a graph 1270.

[244] The shape of the graph 1270 representing the relationship between the weighting

value and the time in the first information 1280 may correspond to a motion pattern of

the object. For example, when the total time section 1260 is relatively long, for

example, about 1 to 2 seconds, the relationship between the time and the weighting

value in the first information 1280 may be determined according to a relationship that

may be modeled by a quadratic equation or a relationship that may be modeled by sta

tistical information.

[245] For example, a motion pattern of the object may be statistically modeled. In detail,

when the object is a heart, motion of the heart may be statistically modeled, and the

shape of the graph 1270 in the first information 1280 may be set to correspond to the

modeled motion of the heart.

[246] In the first information 1280, the graph 1270 indicating the relationship between the



weighting value and the time may have an initially set shape. In the first information

1280, the graph 1270 indicating the relationship between the weighting value and the

time may have a shape that is set by a user via the user interface 650.

[247] In the first information 1280, the shape of the graph 1270 indicating a motion pattern

of the object may vary according to the object. For example, when the object is the

entire heart, the shape of the graph 1270 in the first information 1280 may reflect a

motion pattern of the entire heart. When the object is a coronary artery that is included

in the heart, the shape of the graph 1270 of the first information 1280 may reflect a

motion pattern of the coronary artery. Even when the object is the coronary artery

included in the heart, the motion pattern may vary according to the position of the

coronary artery in the heart, and thus the shape of the graph 1270 of the first in

formation 1280 may be set to vary according to the position of the coronary artery.

When the object is a mitral valve (MV) that is included in the heart, the shape of the

graph 1270 of the first information 1280 may reflect the motion pattern of the MV.

[248] Further, the motion pattern may vary according to each partial area of the object to be

tomography scanned. In this case, the first information 1280 may be acquired for each

partial area to reflect a different motion pattern for each partial area. A target image

which indicates the entire object may be reconstructed by performing motion

correction for each partial area by using the first information that is acquired separately

for each partial area. For example, when the object is a heart, the left ventricle, the

right ventricle, the left atrium, and the right atrium may have different motion patterns.

In this case, the first information may be individually acquired for each of the left

ventricle, the right ventricle, the left atrium, and the right atrium, motion correction is

performed on a partial image of each of the left ventricle, the right ventricle, the left

atrium, and the right atrium, and the motion-corrected partial images are synthesized in

order to reconstruct a target image which indicates the heart.

[249] The center of the first time section 1261 may be the first time point tl, and the center

of the second time section 1262 may be the second time point t2.

[250] The user interface 650 may produce a UI image (not shown) which relates to

selecting the first time point t l and the second time point t2. Then, a user may select

and input the first time point t l and the second time point t2 via the UI image. For

example, the UI image may display an ECG signal of a patient, and the user may select

predetermined time points of the ECG signal as the first time point t l and the second

time point t2 from the UI image.

[251] The data acquirer 610 may select the two time points when motion of an object is

minimized within a predetermined time section as the first time point t l and the second

time point t2. The setting of the first and second time points t l and t2 will be described

in detail later with reference to FIGS. 13A, 13B, 13C, 14A, and 14B. The prede-



termined time section may be an R-R section between an R peak of the ECG signal and

a subsequent R peak thereof. FIGS. 13A, 13B, and 13C are schematic diagrams which

illustrate an operation of the tomography apparatus 600, according to another

exemplary embodiment.

[252] The data acquirer 610 may reconstruct an image at intervals of a second time period

within a predetermined time section, measure a difference between an image recon

structed at one time point and an image reconstructed at another time point adjacent to

the one time point, and select two time points when motion of an object is minimized

as a first time point and a second time point based on the measured difference.

[253] Referring to FIG. 13A, the data acquirer 610 reconstructs images at intervals of a

predetermined time from an ECG signal 1310. For example, referring also to FIG.

13B, the data acquirer 610 reconstructs a tomography image 1321 by using a sinogram

gated in a time section corresponding to a time point til and reconstructs a to

mography image 1322 by using a sinogram gated in a time section corresponding to a

time point tl2. For example, the data acquirer 610 reconstructs a tomography image

1323 by using a sinogram gated in a time section corresponding to a time point t(n-2)

and reconstructs a tomography image 1324 by using a sinogram gated in a time section

corresponding to a time point t(n-l).

[254] Referring to FIG. 13C, the data acquirer 610 generates an image which corresponds

to a difference value 1343 by comparing two images 1341 and 1342, which correspond

to two adjacent time points i and (i+1), with each other. Then, the data acquirer 610

generates a graph 1350 which depicts respective difference values as a function of

time.

[255] Referring to the graph 1350 of FIG. 13C, the X axis may represent time, and the Y

axis may represent the difference values.

[256] The data acquirer 610 may acquire two time sections 1361 and 1362, where the

values of the Y axis are minimal, from the graph 1350, and select time points which re

spectively correspond to the two time sections 1361 and 1362 as the first time point t l

and the second time point t2. A smallest difference between two images corresponding

to two adjacent time points means that motion of an object is the smallest between the

two adjacent time points. Thus, the motion of the object is the smallest between the

time sections 1361 and 1362 where the values of the Y axis are minimal. Accordingly,

the data acquirer 610 may acquire a time section during which a motion of a heart is

the most static and the most stable.

[257] FIGS. 14A and 14B are schematic diagrams which illustrate an operation of the to

mography apparatus 600, according to another exemplary embodiment.

[258] Referring to FIG. 14A, the data acquirer 610 acquires projection data at intervals of a

second time period within a predetermined time section, and measures a difference



between projection data acquired in a time section corresponding to one time point and

projection data acquired in a time section corresponding to another time point adjacent

to the one time point. Then, the data acquirer 610 may select two time points when a

motion of an object is minimized as a first time point and a second time point, based on

the measured difference.

[259] Referring to FIG. 14A, a cardiac phase representing one R-R cycle is expressed as

100% and is divided into 50 sections. Thus, one section is expressed as 2%.

[260] The data acquirer 610 acquires projection data at intervals of 2%. Then, the data

acquirer 610 measures a difference value 1413 between a sinogram 1411 obtained by

accumulating pieces of projection data acquired in a time section corresponding to one

time point and a sinogram 1412 obtained by accumulating pieces of projection data

acquired in a time section corresponding to another time point adjacent to the one time

point. For example, the sinogram 1411 may be a sinogram acquired during a time

interval between -2% and 0%, and the sinogram 1412 may be a sinogram acquired

during a time interval between 0% and 2%. Then, the data acquirer 610 generates a

graph 1430 which depicts the respective difference values 1413.

[261] Referring to the graph 1430 of FIG. 14B, the X axis represents the cardiac phase rep

resenting one R-R cycle, and the Y axis represents a value corresponding to the

difference value 1413.

[262] The data acquirer 610 may acquire two time points 1451 and 1452, when the values

of the Y axis, which are difference values, are minimal, from the graph 1430 and select

the two time points 1451 and 1452 as the first time point t l and the second time point

t2. Accordingly, the data acquirer 610 may acquire a time section during which motion

of a heart is the most static and the most stable.

[263] As illustrated in FIGS. 13A, 13B, 13C, 14A, and 14B, the first time point t l and the

second time point t2 when motion of an object is the smallest may be selected, and the

time section between the first time point t l and the second time point t2 may be set as

the total time section 1260.

[264] The image reconstructor 620 may compare data predicted by using first information

at a third time point t3 other than the first and second time points t l and t2 within the

total time section 1260, with data which corresponds to the third time point t3, and

correct the first information such that a difference between the two pieces of data

decreases. In detail, the image reconstructor 620 may correct the first information at

each of a plurality of time points that are apart from each other at regular or irregular

intervals within the time section between the first and second time points t l and t2.

[265] In detail, the image reconstructor 620 may divide the time section between the first

and second time points t l and t2 by n, and may correct the first information at each of

a plurality of time points that are apart from each other at intervals of a first time



period that is a quotient of the division, starting from at least one of the first and

second time points t l and t2. In detail, the image reconstructor 620 may correct the

first information at a third time point t3, which is a time point apart from the first time

point t l toward the second time point t2 by the first time period. The image recon

structor 620 may also correct the first information at a third time point t3, which is a

time point apart from the second time point t2 toward the first time point t l by the first

time period.

[266] For example, when the time section between the first time point t l and the second

time point t2 is divided by n, a time interval is (t2-tl)/n. Accordingly, the image recon

structor 620 may correct the first information at a time point (tl+(l/n)*(t2-tl)) apart

from the first time point t l by one time interval, and may also correct the first in

formation at a time point (tl+(2/n)*(t2-tl)) apart from the time point (tl+(l/n)*(t2-tl))

by one time interval. As described above, the image reconstructor 620 may repeatedly

correct the first information at each of a plurality of time points that are apart from

each other at regular or irregular intervals within the time section between the first and

second time points t l and t2.

[267] The image reconstructor 620 may correct the first information at a time point

(t2-(l/n)*(t2-tl)) apart from the second time point t2 by one time interval, and may

also correct the first information at a time point (t2-(2/n)*(t2-tl)) apart from the time

point (t2-(l/n)*(t2-tl)) by one time interval. As described above, the image recon

structor 620 may repeatedly correct the first information at each of a plurality of time

points that are apart from each other at regular or irregular intervals within the time

section between the first and second time points t l and t2.

[268] The image reconstructor 620 may acquire second information by correcting the first

information at the third time point t3, which is a time point apart from the first time

point t l toward the second time point t2, by the first time period. The image recon

structor 620 may acquire third information by correcting the first information at a third

time point t3, which is a time point apart from the second time point t2 toward the first

time point t l by the first time period. The image reconstructor 620 may generate

corrected first information, based on the first information and the second information.

In detail, the image reconstructor 620 may generate the corrected first information by

averaging the first information and the second information.

[269] A case in which the image reconstructor 620 corrects the first information at the time

point t3 within the time section between the first and second time points t l and t2 will

now be described.

[270] FIG. 15 is a view which illustrates a motion change of the object.

[271] An object 1501 of FIG. 15 may identically correspond to any one of the objects (e.g.,

1211) illustrated in FIG. 12A.



[272] When an object included in a first image which corresponds to a first time point t l

and an object included in a second image which corresponds to a second time point t2

are compared with each other, and thus a motion amount of the object and the first in

formation are acquired, a change in the size of the object in a total time section 1510

may be predicted by using the first information.

[273] Referring to FIG. 15, the object included in the first image which corresponds to the

first time point t l may have a first size 1520, and the object included in the second

image which corresponds to the second time point t2 may have a second size 1530.

[274] For example, when a weighting value which corresponds to a motion amount of the

object and the time amount in the first information are in a linear relationship as i l

lustrated in FIG. 12C, the size of the object 1501 linearly increases.

[275] Accordingly, as illustrated in FIG. 15, it may be expected that the size of the object at

a third time point tl3 is changed by a first change amount 1542 to be larger than the

first size 1520. Accordingly, it may be expected that the size of the object at the third

time point tl3 may have a third size 1521.

[276] It may also be expected that the size of the object 1501 at a fourth time point tl4 is

changed by a second change amount 1544 to be larger than the first size 1520. A c

cordingly, it may be expected that the size of the object 1501 at the fourth time point

tl4 may have a fourth size 1522. It may also be expected that the size of the object

1501 at a fifth time point tl5 is changed by a third change amount 1546 to be larger

than the first size 1520. Accordingly, it may be expected that the size of the object

1501 at the fifth time point tl5 may have a fifth size 1523.

[277] The size of the object 1501 at the third time point tl3, the fourth time point tl4, and

the fifth time point tl5 may be predicted by contracting the object having the second

size 1530 based on the first information.

[278] In particular, a size change amount at the third time point tl3 may be predicted by

using the first information, and an image of the object at the third time point tl3 may

be acquired based on the predicted size change amount. In detail, the image recon-

structor 620 may acquire a predicted image by warping at least one selected from

among the first image, the second image, and raw data corresponding to the third time

point tl3 based on the first information. The warping signifies an adjustment of the

size of the object included in the image to fit to an expected size of the object via

expanding or contracting of the object included in the image.

[279] In detail, referring to FIG. 12C, a weighting value W l which corresponds to the third

time point t3 in the first information 1280 is used to predict an image at the third time

point t3 in the total time section 1260. The weighting value W l which corresponds to

the third time point t3 is acquired from the first information 1280, and the first image

may be warped using a motion amount which corresponds to the weighting value Wl,



or the second image may be warped using a motion amount which corresponds to a

weighting value (1-Wl). The image which corresponds to the third time point t3 may

be predicted by using at least one selected from among a warped first image and a

warped second image. Alternatively, a predicted third image may be acquired by

warping the raw data which corresponds to the third time point tl3, based on the first

information.

[280] A predicted image predicted at the third time point t3 by using the first information is

hereinafter referred to as a predicted third image. The above-described predicted data

which corresponds to the third time point may be the predicted third image or

projection data or a sinogram which corresponds to the predicted third image.

[281] The image reconstructor 620 corrects the first information by using the predicted

third image and measured data that is acquired at the third time point t3. The measured

data denotes actually measured projection data or an actually measured sinogram, or an

image reconstructed by back-projecting the actually measured projection data or the

actually measured sinogram. The correction of the first information by the image re-

constructor 620 will now be described in detail with reference to FIGS. 16 and 17.

[282] FIG. 16 is a view which illustrates a correction of first information.

[283] Referring to FIG. 16, a graph 1610 represents first information before correction, and

a graph 1620 represents first information after correction. FIG. 16 illustrates a

sinogram 1630 acquired according to the time in a total time section P. The sinogram

1630 is acquired via a tomography scan during the total time section P. In particular,

the sinogram 1630 refers to data acquired by converting sensed X-rays during the to

mography scan, and thus represents a measured data value. The sinogram 1630 may be

acquired by performing a tomography scan during the total time section P in a retro

spective mode. The sinogram 1630 may also be acquired by performing a tomography

scan according to a helical scanning method.

[284] A sinogram necessary for reconstructing an image which corresponds to the third

time point t3 is a sinogram 1632 acquired during a time section which corresponds to

the third time point t3 and may be displayed as an image 1661. For example, when

projection data is acquired using a rebinned parallel beam, to reconstruct an image

which corresponds to the third time point t3, a sinogram acquired in a time section P3

which corresponds to an angular section having an angle of 180+additional angle by

including the third time point t3 is needed.

[285] The image reconstructor 620 may compare a predicted sinogram 1651 acquired by

forward projecting a predicted third image 1650 acquired using the first information

with the measured sinogram 1661 acquired at the third time point t3 and may correct

the first information such that a difference between the predicted sinogram 1651 and

the measured sinogram 1661 decreases. In detail, the image reconstructor 620 may



correct the first information so that the predicted sinogram 1651 has the same value as

the measured sinogram 1661.

[286] For example, if a difference between the measured sinograms 1632 and 1661 and the

predicted sinogram 1651 decreases when the Y axis value at the third time point t3 in

the first information 1610 before correction increases, a weighting value at the third

time point t3 in the first information 1610 may be increased from W l to W1C.

[287] Similarly, the image reconstructor 620 may correct a weighting value of the first in

formation 1610 at a fourth time point t4 that elapsed from the third time point t3 by a

predetermined time interval, and may correct a weighting value of the first information

1610 at a fifth time point t5 that elapsed from the fourth time point t4 by the prede

termined time interval.

[288] As described above, when a predicted sinogram and a measured sinogram at a prede

termined time point are compared and first information is corrected based on a

difference between the predicted sinogram and the measured sinogram, corrected first

information 1620 may be obtained by correcting first information within the total time

section P. The corrected first information 1620 more accurately reflects the motion

pattern of the object. Thus, when motion correction is performed based on the

corrected first information 1620 in order to accurately reflect a state of the object at the

third time point t3, the image which corresponds to the third time point t3 may be ac

curately reconstructed. In detail, when the image which corresponds to the third time

point t3 is accurately reconstructed by warping raw data acquired to reconstruct the

image which corresponds to the third time point t3 or an image acquired by back-

projecting the acquired raw data, an image which corresponds to a predetermined time

point may be easily and accurately reconstructed.

[289] FIG. 17 is a view which illustrates a correction of first information.

[290] The image reconstructor 620 may compare a measured image obtained by back-

projecting measured data acquired at a third time point t3 with a predicted image, and

correct the first information such that a difference between the measured image and the

predicted image decreases.

[291] Referring to FIG. 17, a graph 1710 represents first information before correction, and

a graph 1720 represents first information after correction. FIG. 17 illustrates a

sinogram 1730 acquired in a total time section P. The sinogram 1730 is acquired via a

tomography scan during the total time section P. In particular, the sinogram 1730 is a

data value measured via a tomography scan. A sinogram necessary for reconstructing

an image which corresponds to the third time point t3 may be displayed as an image

1751.

[292] Referring to FIG. 17, the image reconstructor 620 compares a measured image 1752

produced by back projecting the sinogram 1751 acquired during the time period P3



which corresponds to the third time point t3 with a predicted image 1760 produced by

warping at least one of first and second images by using the first information 1710

before correction. The image reconstructor 620 may correct the first information such

that a difference between the measured image 1752 and the predicted image 1760

decreases.

[293] For example, if the difference between the measured image 1752 and the predicted

image 17601 decreases when the Y axis value at the third time point t3 in the first in

formation 1710 before correction increases, a weighting value at the third time point t3

in the first information 1710 may be increased from W l to W1C.

[294] Similarly, the image reconstructor 620 may correct a weighting value of the first in

formation 1710 at a fourth time point t4 that elapsed from the third time point t3 by a

predetermined time interval and may correct a weighting value of the first information

1710 at a fifth time point t5 that elapsed from the fourth time point t4 by the prede

termined time interval.

[295] The third time point t3, which corresponds to a third image that is to be reconstructed

using corrected first information, may be a time point elapsed by a predetermined time

interval from at least one of the first and second time points t l and t2 as described

above with reference to FIGS. 16 and 17. The third time point t3 may be set via the

user interface 650. In detail, the display 630 may display a UI image (not shown)

which relates to selecting the third time point t3 from the time section between the first

time point t l and the second time point t2. Then, a user may select the third time point

t3 via the user interface 650.

[296] As described above, the corrected first information 1720 more accurately reflects the

motion pattern of the object. Thus, similarly as illustrated in FIG. 16, when motion

correction is performed based on the corrected first information 1720 to accurately

reflect a state of the object at the third time point t3, the image which corresponds to

the third time point t3 may be accurately reconstructed.

[297] FIG. 18 is a schematic diagram which illustrates a tomography image reconstruction

that is performed by the tomography apparatus 600, according to an exemplary em

bodiment.

[298] Referring to FIG. 18, corrected first information 1810 and raw data 1830 that is

acquired in the total time section P are illustrated. The raw data 1830 may include a

collection of a plurality of pieces of projection data acquired in correspondence to a

plurality of consecutive views. The raw data 1830 may include a sinogram obtained in

the total time section P. Since the corrected first information 1810 identically cor

responds to the first information of FIG. 12C and the first information 1620 and 1720

described above with reference to FIGS. 16 and 17, repeated descriptions thereof will

be omitted.



[299] Referring to FIG. 18, the image reconstructor 620 may reconstruct a tomography

image which corresponds to a predetermined time point included in the total time

section P, based on the corrected first information 1810 representing a motion amount

of the object within the total time section P.

[300] A case in which the image reconstructor 620 performs image reconstruction

according to the half reconstruction method and the image reconstruction is performed

using a rebinned parallel beam will now be described. Accordingly, a case in which

one tomography image is acquired using raw data acquired in an angular section

having an angle of 180+a(=fan angle) will now be described.

[301] In detail, in order to reconstruct a tomography image of an object at a first time point

tl, raw data 1831 that corresponds to the first time point t l and is acquired in the

angular section having an angle of 180+a(=fan angle) is needed. The raw data 1831

may include a sinogram 1850 acquired a time section from 0 to a in correspondence

with the angular section having an angle of 180+a(=fan angle). The sinogram 1850

may be formed of a plurality of projection data 1851, 1852, and 1853 in corre

spondence with a plurality of consecutive views. In order to reconstruct a tomography

image of the object at a third time point t3, raw data 1832 that corresponds to the third

time point t3 and is acquired in a time section between time points b and c that cor

responds to the angular section having an angle of 180+a(=fan angle) is needed. The

raw data 1832 may include a sinogram 1860 acquired in the angular section having an

angle of 180+a(=fan angle). The sinogram 1860 may be formed of a plurality of

projection data 1861, 1862, and 1863 in correspondence with a plurality of consecutive

views.

[302] In detail, in order to reconstruct a final third image which corresponds to the third

time point t3, the tomography image which corresponds to the third time point t3 may

be reconstructed by back-projecting the sinogram 1860, which is measured data, and

the reconstructed tomography image may be warped based on corrected first in

formation. Warping is performed to correct motion of a moving object, and the

warping will now be described in more detail with reference to FIGS. 19A through 24.

[303] FIGS. 19A and 19B are views which illustrate a tomography image reconstruction

according to the half reconstruction method, according to an exemplary embodiment.

FIG. 19A is a view which illustrates a reconstruction of a target image which indicates

an object that does not move. In detail, FIG. 19A illustrates that the X-ray generator

106 performs a tomography scan while rotating around an object 1901. FIG. 19B i l

lustrates an operation of performing back-projection on pieces of projection data

acquired by filtering raw data acquired via a tomography scan.

[304] In FIGS. 19A and 19B, a case in which the X-ray generator 106 rotates around the

object 1901 and performs a tomography scan and a tomography image is reconstructed



by a filtered back-projection method is described as an example. Further, a case in

which the object 1901 includes a circular target 1902 as illustrated in FIG. 19A is

described as an example. A one-cycle angular section necessary for reconstructing one

tomography image according to the half reconstruction method is an angle of 180+fan

angle that is a section of projection data. However, in FIG. 19A, a case in which a to

mography scan is performed using raw data acquired while rotating 180 is described as

an example, for convenience of explanation.

[305] Referring to FIG. 19A, as the X-ray generator 106 projects X-rays toward the object

1901 at each of a plurality of positions having a predetermined angular interval while

moving along a source trajectory 1910 that is circular, projection data is acquired. The

projection data is filtered, and thus filtered projection data is acquired. In FIG. 19A, a

plurality of points located on the source trajectory 1910 indicate the positions where

the X-ray generator 106 is located to project X-rays. For example, while moving at a

predetermined angular interval such as 0.5, 1, or 3, the X-ray generator 106 may

project X-rays toward the object 1901. Rotation starts at a time point t l 1 and stops at a

time point tl5. Accordingly, the time point t l 1 corresponds to a rotation angle 0 and

the time point tl5 corresponds to a rotation angle 180.

[306] Pieces of projection data acquired by rotating from the time point t l 1 to the time

point tl5 may correspond to the raw data 1831, 1832, or 1833 described above with

reference to FIG. 18, which are necessary for reconstructing one cross-sectional to

mography image.

[307] In detail, when the X-ray generator 106 projects X-ray toward the object 1901 at the

time point til, the X-rays projected in an X-ray projection direction 1932 propagate

through an object 1913, and thus a signal 1931 may be acquired. A value of the signal

1931 may vary on a surface of the object 1913 due to a difference in transmissivity of

the X-ray according to a material of the object 1913. In detail, the value of the signal

1931 may vary on a surface arranged in a direction parallel to the X-ray projection

direction 1932.

[308] When the X-ray generator 106 projects X-rays toward the object 1901 at the time

point tl2, the X-rays projected in an X-ray projection direction 1934 propagate through

an object 1914, and thus a signal 1933 may be acquired. The value of the signal 1933

may vary on a surface arranged in a direction parallel to the X-ray projection direction

1934.

[309] When the X-ray generator 106 projects X-rays toward the object 1901 at the time

point tl3, the X-rays projected in an X-ray projection direction 1936 propagate through

an object 1915, and thus a signal 1935 may be acquired. The value of the signal 1935

may vary on a surface arranged in a direction parallel to the X-ray projection direction

1936.



] When the X-ray generator 106 projects X-rays toward the object 1901 at the time

point tl4, the X-rays projected in an X-ray projection direction 1938 propagate through

an object 1916 and thus a signal 1937 may be acquired. The value of the signal 1937

may vary on a surface arranged in a direction parallel to the X-ray projection direction

1938.

] When the X-ray generator 106 projects X-rays toward the object 1901 at the time

point tl5, the X-rays projected in an X-ray projection direction 1924 propagate through

an object 1917 and thus a signal 1939 may be acquired. The value of the signal 1939

may vary on a surface arranged in a direction parallel to the X-ray projection direction

1924.

] Since the signal 1931 includes information about the surface that is arranged in the

X-ray projection direction 1932, an image 1951 acquired by performing filtered back-

projection on the signal 1931 contributes to imaging of the surface arranged in the X-

ray projection direction 1932. Since the signal 1933 includes information about the

surface that is arranged in the X-ray projection direction 1934, projection data which

corresponds to the signal 1933 contributes to imaging of the surface arranged in the X-

ray projection direction 1934. In particular, the projection data acquired at each view

contributes to imaging of a surface of the object in correspondence with each view.

This may be explained by using a Fourier slice theorem that shows a relationship

between a frequency component of an image and a value of the projection data

acquired by projection a parallel beam toward the object 1901. The view corresponds

to a direction, position, and/or rotation angle when the X-ray generator 106 projects X-

rays toward the object.

] The DAS 116 of FIG. 3 may acquire a signal, for example, the signal 1931. The

image processing unit 126 of FIG. 3 may process the signal 1931 and generate filtered

projection data. The filtered projection data is back-projected, thereby acquiring the

image 1951.

] In detail, when the X-ray generator 106 rotates and projects X-rays at a plurality of

positions or views and thus a plurality of pieces of filtered projection data are acquired,

the pieces of filtered projection data are accumulated and back-projected, thereby re

constructing a tomography image. In particular, an image which represents the object

may be acquired via a back-projection process in which the filtered projection data is

reflected to image pixels.

] Referring to FIG. 19B, a surface of the circular target 1902 included in the object

1901 at the time point t l 1 appears in the back-projected image 1951 which cor

responds to the time point til. The pieces of filtered projection data are accumulated

and back-projected with respect to the respective views acquired as the X-ray generator

106 rotates in a counterclockwise direction.



[316] For example, a back-projected image 1953 is acquired by accumulating and back-

projecting the pieces of filtered projection data acquired in an angular section having

an angle of 22.5. A partial surface 1954 of the circular target 1902 in the object 1901

appears in the back-projected image 1953.

[317] Next, a back-projected image 1955 is acquired by accumulating and back-projecting

the pieces of filtered projection data acquired in an angular section having an angle of

45. A partial surface 1956 of the circular target 1902 in the object 1901 appears in the

back-projected image 1955.

[318] Next, a back-projected image 1957 is acquired by accumulating and back-projecting

the pieces of filtered projection data acquired in an angular section having an angle of

98. A partial surface 1958 of the circular target 1902 in the object 1901 appears in the

back-projected image 1957.

[319] Next, a back-projected image 1959 is acquired by accumulating and back-projecting

the pieces of filtered projection data acquired in an angular section having an angle of

180. An entire surface 1964 of the circular target 1902 in the object 1901 appears in

the back-projected image 1959.

[320] For an object that does not move, a state, for example, at least one of the size,

position, and shape, of the object 1901 is unchanged when referring to each of the time

points til, tl2, tl3, tl4, and tl5, which are a plurality of time points included in the

one-cycle angular section.

[321] Accordingly, in the reconstruction of a tomography image by accumulating the

pieces of filtered back-projected data of the pieces of projection data which re

spectively correspond to the plurality of views included in the one-cycle angular

section, since the respective states of the object 1901 at the plurality of views are the

same as one another, no blurring due to motion artifacts is generated in the back-

projected image 1959 that is finally reconstructed.

[322] FIGS. 20A and 20B are views which illustrate a tomography image reconstruction

according to the half reconstruction method, according to another exemplary em

bodiment. In detail, FIG. 20A illustrates that the X-ray generator 106 performs a to

mography scan while rotating around an object 2005. FIG. 20B illustrates an operation

of performing back-projection on pieces of projection data acquired by filtering raw

data acquired via a tomography scan. In FIG. 20B, a case of reconstructing a to

mography image by using a filtered back projection method is described as an

example. Further, a case in which the object 2005 includes two circular targets 2006

and 2007 as illustrated in FIG. 20A is described as an example. In the following de

scription, for convenience of explanation, an upper circular target 2006 of the object

2005 is referred to as a first target 2006 and a lower circular target 2007 of the object

2005 is referred to as a second target 2007. As described above, a one-cycle angular



section in half reconstruction is an angle of 180+fan angle. However, in FIG. 20A, for

convenience of explanation, a case of performing a tomography scan while rotating by

180 is described as an example.

[323] Referring to FIG. 20A, as the X-ray generator 106 projects X-rays toward the object

2005 at each of a plurality of positions having a predetermined angular interval while

moving along a source trajectory 2010 that is circular, projection data is acquired. The

projection data is filtered, and thus filtered projection data is acquired. In FIG. 20A, a

plurality of points located on the source trajectory 2010 indicate the positions where

the X-ray generator 106 is located to project X-rays. For example, while moving at a

predetermined angular interval such as 0.5, 1, or 3, the X-ray generator 106 may

project X-rays toward the object 2005. Rotation starts at a time point t l 1 and stops at a

time point tl5. Accordingly, the time point t l 1 corresponds to a rotation angle 0 and

the time point tl5 corresponds to a rotation angle 180.

[324] The object 2005 may move like an object 2020, an object 2021, an object 2022, an

object 2023, and object 2030, respectively, at the time point t l 1, the time point tl2, the

time point tl3, the time point tl4, and the time point tl5. In detail, the size of the first

target 2006 included in the object 2005 expands without changing its position, whereas

the second target 2007 does not expand but may move from the left to the right.

[325] In detail, when the X-ray generator 106 projects X-rays toward the object 2005 at the

time point til, the X-rays projected in an X-ray projection direction 2045 propagate

through the object 2020, and thus a signal 2040 may be acquired. A value of the signal

2040 may vary on a surface of the object 2020 due to a difference in transmissivity of

the X-ray according to a material of the object 2020. In detail, the value of the signal

2040 may vary on a surface arranged in a direction parallel to the X-ray projection

direction 2045.

[326] When the X-ray generator 106 projects X-rays toward the object 2005 at the time

point tl2, the X-rays projected in an X-ray projection direction 2046 propagate through

the object 2021, and thus a signal 2041 may be acquired. The value of the signal 2041

may vary on a surface arranged in a direction parallel to the X-ray projection direction

2046.

[327] When the X-ray generator 106 projects X-rays toward the object 2005 at the time

point tl3, the X-rays projected in an X-ray projection direction 2047 propagate through

the object 2022, and thus a signal 2042 may be acquired. The value of the signal 2042

may vary on a surface arranged in a direction parallel to the X-ray projection direction

2047.

[328] When the X-ray generator 106 projects X-rays toward the object 2005 at the time

point tl4, the X-rays projected in an X-ray projection direction 2049 propagate through

the object 2023, and thus a signal 2043 may be acquired. The value of the signal 2043



may vary on a surface arranged in a direction parallel to the X-ray projection direction

2049.

[329] When the X-ray generator 106 projects X-rays toward the object 2005 at the time

point tl5, the X-rays projected in an X-ray projection direction 2050 propagate through

the object 2030, and thus a signal 2044 may be acquired. The value of the signal 2044

may vary on a surface arranged in a direction parallel to the X-ray projection direction

2050.

[330] Since the signal 2040 includes information about the surface that is arranged in the

X-ray projection direction 2045, an image 2061 acquired by performing filtered back-

projection on the signal 2040 contributes to imaging of the surface arranged in the X-

ray projection direction 2045. Since the signal 2041 includes information about the

surface that is arranged in the X-ray projection direction 2046, projection data which

corresponds to the signal 2041 contributes to imaging of the surface arranged in the X-

ray projection direction 2046. In particular, the projection data acquired at each view

contributes to imaging of a surface of the object in correspondence with each view.

The view corresponds to a direction, position, and/or rotation angle when the X-ray

generator 106 projects X-rays toward the object.

[331] The DAS 116 of FIG. 3 may acquire a signal, for example, the signal 2040. The

image processing unit 126 of FIG. 3 may process the signal 2040 and generate filtered

projection data. The filtered projection data is back-projected, thereby acquiring the

image 2061.

[332] In detail, when the X-ray generator 106 rotates and projects X-rays at a plurality of

positions or views and thus a plurality of pieces of filtered projection data are acquired,

the pieces of filtered projection data are accumulated and back-projected, thereby re

constructing a tomography image. In particular, an image which represents the object

may be acquired through a back-projection process in which the filtered projection data

is reflected to image pixels.

[333] Referring to FIG. 20B, a surface 2062 of the first target 2006 and a surface 2063 of

the second target 2007 at the time point t l 1 appear in the back-projected image 2061

which corresponds to the time point til. The pieces of filtered projection data are ac

cumulated and back-projected with respect to the respective views acquired as the X-

ray generator 106 rotates counterclockwise.

[334] For example, a back-projected image 2065 is acquired by accumulating and back-

projecting the pieces of filtered projection data acquired in an angular section having

an angle of 22.5. A partial surface 2066 of the first target 2006 and a partial surface

2067 of the second target 2007 appear in the back-projected image 2065.

[335] Next, a back-projected image 2070 is acquired by accumulating and back-projecting

the pieces of filtered projection data acquired in an angular section having an angle of



45. A partial surface 2071 of the first target 2006 and a partial surface 2072 of the

second target 2007 appear in the back-projected image 2070.

[336] Next, a back-projected image 2075 is acquired by accumulating and back-projecting

the pieces of filtered projection data acquired in an angular section having an angle of

150. A partial surface 2076 of the first target 2006 and a partial surface 2077 of the

second target 2007 appear in the back-projected image 2075.

[337] Next, a back-projected image 2080 is acquired by accumulating and back-projecting

the pieces of filtered projection data acquired in an angular section having an angle of

180. An entire surface 2082 of the first target 2006 and an entire surface 2081 of the

second target 2007 appear in the back-projected image 2080.

[338] In FIG. 20B, an image 2090 is a tomography image which shows a finally recon

structed object as a results of the back-projection process.

[339] However, due to motion of the object, pieces of surface information of the pieces of

filtered projection data acquired at each view do not match with one another. A c

cordingly, when a plurality of pieces of filtered projection data acquired in the one-

cycle angular section are accumulated, as illustrated in FIG. 20B, the surface does not

clearly appear and thus blurrings 208 1 and 2082 are generated.

[340] According to one or more exemplary embodiments, even when the object includes

various materials, surfaces, and/or shapes as in the object 2005 of FIGS. 20A and 20B,

motion of the object 2005 may be traced and the motion of the object 2005 may be ac

curately estimated without limiting the object which is to be tomography scanned. A c

cordingly, an image that is motion corrected according thereto may be reconstructed.

Reconstruction of a final third image by using corrected first information will now be

described in detail with reference to FIGS. 21, 22, 23, and 24.

[341] FIG. 2 1 is a view which illustrates the operation of reconstructing a motion-corrected

tomography image.

[342] The image reconstructor 620 reconstructs an image of an object at a target time point

T_target by using information which indicates motion of the object, for example, the

MVF. The target time point T_target is a time point when image reconstruction is

desired to be performed. In FIG. 18, a target time point T_target of a third image that is

desired to be reconstructed by using the raw data 1832 is the third time point t3.

[343] An operation of generating a final third time point which is a motion-corrected image

obtained by correcting motion of a third image by using corrected first information

2180 will now be described in detail. In FIG. 21, a case in which the target time point

T_target is the third time point t3 and a final third image of an object that is an image

at the third time point t3 is reconstructed will be described as an example. In FIGS. 18

and 21, the third time point t3, which is the target time point T_target, is a center of the

one-cycle angular section.



[344] As described above with respect to FIGS. 12A, 12B, and 12C, the first information

1280 may be acquired by using an MVF 1250. Referring to FIG. 21, the corrected first

information 2180 represents a motion amount of the object in the one-cycle angular

section necessary for reconstructing the final third image. In detail, the corrected first

information 2180 is the information which represents the motion amount of the object

in the time section between the time points b and c described above with reference to

FIG. 18. Accordingly, the time section between the time points b and c in the corrected

first information 2180 of FIG. 2 1 corresponds to the time section between the time

points b and c in the corrected first information 1810 of FIG. 18.

[345] A degree of motion of the object 2005 at the target time point T_target may be

estimated by using the corrected first information 2180. Alternatively, a state which

includes at least one of the size, shape, and position of the object 2005 at the target

time point T_target may be estimated by using the corrected first information 2180.

[346] As described above in FIG. 20, the projection data acquired in each view or a prede

termined angular section included in the one-cycle angular section contributes to

imaging of different surfaces and/or different areas of the object 2005.

[347] In the reconstruction of a target image, the image reconstructor 620 may perform

motion correction, by using the first information, with respect to a surface portion or an

area of the object 2005 that is imaged by using the pieces of projection data acquired at

time points other than the target time point T_target, except for a surface portion or

area of the object 2005 that is imaged by using the projection data acquired at the

target time point T_target.

[348] In FIG. 21, for convenience of explanation, the one-cycle angular section, which is

an angular section of pieces of projection data necessary for reconstructing one cross-

sectional image, is divided into five angular sections 2101, 2102, 2103, 2104, and

2105, and images obtained by back-projecting projection data acquired in each of the

five angular sections 2101, 2102, 2103, 2104, and 2105 are illustrated. In detail, a

partial image 2121 is acquired by back-projecting the projection data acquired in the

first angular section 2101. A partial image 2131 is acquired by back-projecting the

projection data acquired in the second angular section 2102. A partial image 2141 is

acquired by back-projecting the projection data acquired in the third angular section

2103. A partial image 2151 is acquired by back-projecting the projection data acquired

in the fourth angular section 2104. A partial image 2161 is acquired by back-projecting

the projection data acquired in the fifth angular section 2105.

[349] Referring to FIG. 21, a start time point t=a and an end time point t=b of the one-cycle

angular section are respectively the same as the start time point b and the end time

point c, in the angular section corresponding to the raw data 1832 of FIG. 18. Referring

to FIG. 21, a case in which the target time T_target is set to be a middle of the one-



cycle angular section is described as an example. As described above with reference to

FIG. 20, when the projection data acquired in an angular section adjacent to the target

time T_target are back-projected, only surfaces 2142, 2143, 2144, and 2145 arranged

in a horizontal direction are imaged in the partial image 2141. Surfaces that are not

imaged in the partial image 2141 are imaged by using the pieces of projection data

acquired in angular sections other than the third angular section 2103 which includes

the target time T_target in the one-cycle angular section.

[350] In the imaging of the surfaces that are not imaged in the partial image 2141, the

image reconstructor 620 may perform motion correction by using the corrected first in

formation 2180 in order to reduce blurring.

[351] In detail, surfaces or partial areas shown in the partial image 2121 acquired in the

first angular section 2101 are corrected based on the corrected first information 2180.

In particular, referring to the corrected first information 2180, it is assumed that an

amount W of motion of the object 2005 at the time point b is W l 1, and an amount W

of motion of the object 2005 at the time point c is W12. For convenience of ex

planation, it is assumed that an amount W of motion of the object 2005 at the time

point t l 1 in the first angular section 2101 is W l 1 likewise at the time point b, and an

amount W of motion of the object 2005 at the time point tl5 in the fifth angular section

2105 is W12 likewise at the time point c. It is also assumed that an amount W of

motion of the object 2005 at the third time point t3, which is the target time point

T_target, is Wl. Then, the surface of the object 2005 at the third time point t3 may be

accurately acquired by warping the object 2005 included in the partial image 2121 cor

responding to the first angular section 2101 by a motion amount (Wl-Wl 1). A c

cordingly, a corrected partial image 2122 is generated by performing motion correction

on the partial image 2121, based on a motion amount 2124 which is generated from the

time point a to the third time point t3 and compared to a total motion amount

(W12-W1 1) generated in the one-cycle angular section. A total motion amount 2123

may correspond to the total motion amount (W12-W1 1) generated in the one-cycle

angular section, and the motion amount 2124 may correspond to a difference

(Wl-Wl 1) between the motion amount W l 1 at the time point t=a and the motion

amount W l at the third time point t3, which is the target time point T_target. In detail,

the total motion amount 2123 may be a value which corresponds to an MVF between

an image at the time point a and an image at the time point b. For example, the total

motion amount 2123 may be a value obtained by converting a sum of the absolute

values of all motion vectors included in the MVF between the image at the time point a

and the image the time point b into a weighting value.

[352] Motion correction is performed on the other angular sections in the same manner as

in the first angular section. In detail, the corrected partial image 2122 is generated by



performing motion correction on the partial image 2131 obtained by back-projecting

the projection data acquired in the second angular section 2102, based on a motion

amount 2134 generated from the time point tl2 to the third time point t3, which is the

target time point T_target, as compared with the total motion amount 2123.

[353] A corrected partial image 2162 is generated by performing motion correction on a

partial image 2161 obtained by back-projecting the projection data acquired in the fifth

angular section 2105, based on a motion amount 2164 generated from the end time

point t=b to the third time point t3, which is the target time point T_target, compared to

the total motion amount 2123. A corrected partial image 2152 is generated by

performing motion correction on a partial image 2151 obtained by back-projecting the

projection data acquired in the fourth angular section 2104, based on a motion amount

2154 generated from the time point tl4 to the third time point t3, which is the target

time point T_target, as compared with the total motion amount 2123.

[354] The motion correction using the projection data acquired at a time point prior to the

target time point T_target and the motion correction using the projection data acquired

at a time point after the target time point T_target may be performed in opposite d i

rections. In detail, referring to the corrected first information 2180, the motion

correction prior to the target time T_target 2081 is performed in a direction 2185 in

which the motion amount W increases, and the motion correction after the target time

point T_target 2081 is performed in a direction 2186 in which the motion amount W

decreases. Accordingly, the direction of the total motion amount 2123 at the time point

til and the direction of the total motion amount 2123 at the time point tl5 are i l

lustrated to be opposite to each other.

[355] The final third image which corresponds to the third time point t3, which is the target

time point T_target, may be reconstructed by using the corrected partial images 2122,

2132, 2152, and 2162 and the partial image 2141 acquired in the third angular section

2103 which includes the target time point T_target. Since the corrected partial images

2122, 2132, 2152, and 2162 accurately reflect a motion state of the object 2005 at the

third time point t3, generation of motion artifacts may be reduced in the final third

image which is reconstructed by performing motion correction using the corrected first

information 2180.

[356] When an image is reconstructed by tomography scanning a moving object without

performing motion correction, blurring may be severely generated in a surface portion

due to the projection data acquired at a time point that is far from the target time point

T_target. In detail, surfaces extending in the horizontal direction are imaged in the

partial image 2141 acquired in the third angular section 2103 which includes the target

time point T_target, and surfaces extending in a vertical direction that are not imaged

in the partial image 2141 are imaged in the partial image 2121 and the partial image



2161 which respectively correspond to the time point t l and the time point tl5 that are

located farthest from the target time point T_target. Due to the motion of the object

2005, the surfaces imaged in partial image 2121 acquired in the first angular section

2101 that is a start angular section and the partial image 2161 acquired in the fifth

angular section 2105 that is an end angular section are considerably different in their

positions and sizes. In particular, blurring is most severely generated in an image

which is finally reconstructed by using the projection data acquired in the start angular

section and the projection data acquired in the end angular section. Accordingly, the

surfaces extending in the vertical direction in the target image are blurred due to the

surfaces having different positions and sizes and imaged in the partial image 2121 and

the partial image 2161.

[357] In an exemplary embodiment, the image reconstructor 620 may generate a target

image 2170 by performing motion correction on the plurality of partial images

acquired in the one-cycle angular section by using the first information, and thus

motion artifacts may be reduced.

[358] Further, when the target time point T_target is set to be the middle of the one-cycle

angular section from the first time point til and the end time point tl5, motion artifacts

in the reconstructed image may be reduced. Accordingly, the target time point T_target

may be set to be the middle time of the one-cycle angular section, and motion

correction is performed by using corrected first information, and thus a target image

having an optimized image quality may be reconstructed.

[359] Although FIG. 2 1 illustrates a case in which the one-cycle angular section is divided

into a plurality of angular sections and motion correction is performed for each of a

plurality of back-projected images which respectively correspond to the plurality of

angular sections, the motion correction may be performed on a partial image obtained

by back-projecting the projection data acquired in each view included in the one-cycle

angular section. Alternatively, the motion correction may be performed in a process of

back-projecting the projection data acquired in each view. The motion correction may

be performed on a partial image obtained by back-projecting the projection data

acquired in a view group including several views. Alternatively, the motion correction

may be performed in a process of back-projecting the projection data acquired in the

view group.

[360] Although FIG. 2 1 illustrates a case of performing motion correction on the partial

images, motion correction may be performed on projection data which corresponds to

each view, and the target image may be reconstructed by performing filtered back-

projection on the corrected projection data which corresponds to each view.

[361] FIG. 22 is a view which illustrates a warping operation used to reconstruct a to

mography image.



[362] To reconstruct a target image, the image reconstructor 620 performs back-projection,

that is, reflects the filtered projection data acquired at a plurality of views included in

the one-cycle angular section in an image domain 2201 which indicates the object. In

the following description, the back-projection is performed on a partial area 2202

included in the image domain 2201. The area 2202, as illustrated in FIG. 22, may

include image data which includes pixel values or an image represented by pixel

values. Further, the area 2202 may include an image space for imaging the object. In

FIG. 22, a case in which filtered projection data 2210 acquired as X-rays are projected

in a direction 221 1 at the first time t l 1 in FIG. 2 1 that is the start time point of the one-

cycle angular section is back-projected is described as an example. The image data

included in the area 2202 may be referred to as back-projected projection data.

[363] Referring to FIG. 22, the image reconstructor 620 may warp an image grid formed of

a plurality of pixels for imaging the object according to a motion amount of the object

at the target time point T_target based on the first information, and may reconstruct the

target image by using a warped image grid.

[364] In detail, referring to FIG. 22, the filtered projection data 2210 is reflected to the

image grid included in the area 2202. The reflection of the filtered projection data 2210

to the image grid that includes an image space is referred to as back-projection.

[365] Accordingly, the area 2202 is filled with pixel values 2213, as illustrated in FIG. 22.

When no motion is generated by the object, motion artifacts may not be generated in a

reconstructed target image, even if an image is imaged while the filtered projection

data 2210 according to each view is accumulatively reflected to the image grid.

However, when motion is generated by the object during the one-cycle angular section,

a difference between surfaces which indicate the same portion of the object is

generated in a plurality of pieces of the filtered projection data respectively acquired at

a plurality of views. Accordingly, when the filtered projection data 2210 according to

each view is accumulatively reflected to the image grid to image the image, motion

artifacts may be generated in a reconstructed target image.

[366] In the present exemplary embodiment, in order to reduce motion artifacts of a

moving object, motion correction is performed as described above with reference to

FIG. 21. In the following description, warping of the image grid of the image recon

structor 620 for motion correction is described in detail.

[367] The image reconstructor 620 warps an image grid 2230 for imaging the same portion

as the area 2202 according to the MVF indicating a motion amount of the object

toward the target time point T_target in the area 2202, by using corrected first in

formation which indicates motion of the object. For example, the upper left area in the

image grid 2230 may be warped according to vectors in the MVF 2207. The MVF

2207 indicates a motion amount of a surface of the object.



[368] Accordingly, an image grid 2240 warped from the image grid 2230 is generated. The

image reconstructor 620 reflects pixel values included in the filtered projection data

2210 to the image grid 2240 that is warped. Accordingly, the pixel values are included

in an area 2235 which identically corresponds to the area 2202, as illustrated in FIG.

22. In the area 2235, a rectangular image grid 2241 represented as a dotted grid

indicates a general image grid that is not warped.

[369] Next, the image reconstructor 620 resamples the area 2235 which includes the pixel

values according to the warped image grid 2240 to an area 2245 which includes pixel

values according to the rectangular image grid 2241. In detail, the pixel values

according to the warped image grid 2240 are interpolated by using a quadratic image

pixel matrix and are thus transformed to pixel values according to Cartesian co

ordinates.

[370] In the following description, a case of resampling pixel values of pixels 2242 and

2243 included in the warped image grid 2240 to a pixel value of a pixel 2254 included

in the rectangular image grid 2241 is described as an example. The pixel 2242 included

in the warped image grid 2240 has a signal value 2 and the pixel 2243 has a signal

value 1. In this aspect, since an image signal value included in the entire area of the

pixel 2242 is 2, the signal value 2 is included in the pixel 2242 by being distributed at

an area ratio of the pixel 2242. Accordingly, a signal value 1 may be included in a

partial area 2261 which corresponds to the half of the entire area of the pixel 2242.

Since an image signal value included in the entire area of the pixel 2243 is 1, the signal

value 1 is included in the pixel 2243 by being distributed at an area ratio of the pixel

2243. Accordingly, a signal value 0.5 may be included in a partial area 2262 which

corresponds to the half of the entire area of the pixel 2242. A signal value 1.5 that is a

sum of the signal value 1 of the partial area 2261 and the signal value 0.5 of the partial

area 2262 may be included in the pixel 2254 according to the rectangular image grids

2241 and 2251 which include the partial area 2261 and the partial area 2262.

[371] Accordingly, pixel values 2255 are arranged in the area 2245 that is resampled,

according to the rectangular image grid 2251. Accordingly, the pixel values 2255

included in the area 2245 may be generated by resampling all pixel values included in

the area 2235.

[372] In addition to the above method, any of various methods may be employed as the

method for transforming the pixel values arranged according to a warped image grid to

the pixel values arranged according to a rectangular image grid.

[373] Motion correction may be performed by using warping with respect to each of all

pieces of back-projected projection data which respectively correspond to a plurality of

views included in the one-cycle angular section. The final third image, which is the

target image, may be reconstructed by accumulating the back-projected projection data



on which motion correction is performed.

[374] The motion correction achieved via warping of an image grid may not be performed

for each view, but the motion correction may be performed for each predetermined

angular section or for each group into which a plurality of views are divided.

[375] As in the above-described example, the image reconstructor 620 may generate

motion-corrected image data 2270 by using an image grid warped based on the first in

formation.

[376] FIG. 23 is another view which illustrates a warping operation used to reconstruct a

tomography image. A repeated description of matters described above with reference

to FIG. 22 is omitted herein.

[377] In detail, the image reconstructor 620 may generate a motion-corrected target image

by warping the back-projected image according to the first information. In detail, in the

back-projection process, the image reconstructor 620 may reconstruct the target image

by warping the pixel which corresponds to the data acquired via a tomography scan

based on the first information. In detail, the image reconstructor 620 may warp the

pixel according to a motion amount of the object at the target time point T_target.

[378] Referring to FIG. 23, pixels of an image (or image data) 2330 generated by back-

projecting the filtered projection data 2210 are warped based on the MVF 2207 which

indicates a motion amount of the corrected first information. Accordingly, pixel values

of pixels 2331 included in the image 2330 are generated into a warped image 2335

which corresponds to a motion of the object at the target time point T_target based on

the MVF 2207. In detail, a pixel value 2 of filtered projection data 231 1 corresponds to

pixel values 2 of pixels 2336 in third column of the warped image 2335. A pixel value

2 of filtered projection data 2312 corresponds to pixel values 2 of pixels 2337 in the

fourth column of the warped image 2335.

[379] The warped image 2335 generates a motion-corrected image 2355 by performing re

sampling in the method described above with reference to FIG. 22. Pixel values of

pixels 2356 included in the motion-corrected image 2355 accurately reflect motion of

the object at the target time point T_target. Accordingly, motion artifacts in a final

third image, which is a finally reconstructed target image, may be reduced.

[380] FIG. 24 is another view which illustrates a warping operation used to reconstruct a

tomography image.

[381] A repeated description of matters described above with reference to FIGS. 22 and 23

is omitted herein. The image reconstructor 620 may perform motion correction in the

back-projection process based on the first information. In detail, the image recon

structor 620 may warp the center of a voxel which indicates the object based on the

first information, and may reconstruct a target image by back-projecting the position of

a warped voxel and/or the position of a warped center of a voxel. The voxel indicates



one unit space in a virtual 3D grid space which is used for imaging the object. In FIG.

24, a case in which the virtual 3D grid space used for imaging the object is illustrated

with pixels that form a 2D grid space instead of voxels that form a 3D grid space is i l

lustrated as an example.

[382] In detail, the image reconstructor 620 may find which of values of pixels in a

detector array should be referred to, by using the MVF from the third time point, which

is the target time point T_target, to each time point when a pixel value at a prede

termined position in an image to be reconstructed is affected by a motion at each time

point. In view of the voxel which indicates the object at the target time point T_target,

in order to back-project the filtered projection data at a view other than the target time

point T_target toward a voxel, a destination of a voxel where a voxel moves at a corre

sponding time point needs to be calculated by reflecting motion of the object. The

motion amount of a voxel to correct motion of the object may be calculated by using

an inverse MVF of the MVF from a corresponding time point to the target time point

T_target. The value of the pixel in the detector array to be used after the position of a

voxel is moved according to a calculated correction amount may be calculated.

[383] In detail, referring to FIG. 24, the image reconstructor 620 performs field inversion

on the MVF which indicates the motion amount of the object at the target time point

T_target, which is indicated by the corrected first information, and generates a field-

inverted MVF 2410. The position of each pixel in a back-projected image 2420 is

moved by using the field- inverted MVF 2410.

[384] For example, the positions of the pixels in the back-projected image 2420 are moved

based on motion vectors 241 1, 2421, 2422, and 2423 included in the field-inverted

MVF 2410. In detail, a pixel in the first row and sixth column in the back-projected

image 2420 is moved as an arrow 2431 based on the vector 2421 and the vector 2422.

A pixel in the fifth row and sixth column in the back-projected image 2420 is moved as

an arrow 2432 based on the motion vector 2423. The position of a pixel in an area

2427 of the field-inverted MVF 2410 where no motion is detected remains the same.

[385] Next, the image reconstructor 620 calculates which position of the detector array cor

responds to a pixel value in a particular pixel when the pixel value of the particular

pixel is projected based on a moved pixel position, and takes the filtered projection

data 2210 at a calculated position in order to accumulate a value in the particular pixel

(voxel), thereby acquiring the back-projected image 2420.

[386] For example, considering the moved position 2431, the center of a pixel 2451 in the

first row and sixth column in the back-projected image 2450 is acquired by using a

pixel value at a position P I in the filtered projection data 2210. The position P I is not

located at the center of a pixel 2456 in the first row and sixth column in the filtered

projection data 2210, but instead is located close to a pixel 2455 in the first row and



fifth column, thereby being affected by the pixel 2456 and the pixel 2455. A c

cordingly, the pixel 2451 may have a value "0.2" by being affected by the pixel 2456

having a value "0" and the pixel 2455 having a value "1", as illustrated in FIG. 24.

[387] Similarly, the center of a pixel 2452 in the fifth column and the sixth column in the

back-projected image 2450 is located on a surface of the pixel 2452 and a pixel 2457

that neighbor each other according to a motion 2432 of the pixel, as illustrated in FIG.

24. Accordingly, the pixel 2451 is affected by the pixel 2456 and the pixel 2455. A c

cordingly, the pixel 2451 may have a value "0.5" that is a middle value between the

pixel 2456 having a value "0" and the pixel 2455 having a value "1".

[388] As described above, the image reconstructor 620 may acquire a motion-corrected

target image 2470 that is a motion-corrected back-projected image by warping a voxel

by using a field-inverted MVF, rather than by using the warping described above with

reference to FIGS. 22 and 23.

[389] The image reconstructor 620 may perform motion correction on the first and second

images based on the corrected first information, similarly as performing motion

correction on the object and reconstructing the final third image by using the corrected

first information. In addition, the image reconstructor 620 may reacquire the first in

formation by using motion-corrected first and second images. The image reconstructor

620 may update the corrected first information with the reacquired first information. In

detail, when motion correction is performed on the first and second images based on

the corrected first information, motion-corrected first and second images may be

acquired by more accurately reflecting respective states of the object at the first and

second time points. When the MVF is reacquired by using the motion-corrected first

and second images, a motion amount between the first and second time points may be

more accurately measured. Therefore, the first information may be updated by being

reacquired to have a more accurate value.

[390] The image reconstructor 620 may predict the third image which corresponds to the

third time point t3 between the first and second time points t l and t2 based on the

reacquired first information, and correct the reacquired first information by using the

predicted third image and measured data which corresponds to the third time point t3,

thereby acquiring corrected first information.

[391] As described above, when motion correction is performed on the first and second

images based on the corrected first information and then the MVF is acquired using the

motion-corrected first and second images, the first information may be more accurately

acquired.

[392] FIGS. 25A and 25B illustrate screen images displayed on the tomography apparatus

600 of FIG. 6. In detail, FIG. 25A illustrates a 2D tomography image 2500 recon

structed by using the corrected first information. FIG. 25B illustrates a 3D tomography



image 2550 reconstructed by using the corrected first information.

[393] Referring to FIG. 25A, the display 630 may display the 2D tomography image 2500

reconstructed by using the corrected first information.

[394] In detail, a user may select a target time point (e.g., the third time point t3) within the

total time section at which image reconstruction is desired to be performed, via the

user interface 650. Then, the image reconstructor 620 may reconstruct the 2D to

mography image 2500 which corresponds to the selected target time point (e.g., the

third time point t3) by warping at least one of the first and second images, by using the

corrected first information. The reconstructed 2D tomography image 2500 may be

displayed on the display 630.

[395] Referring to FIG. 25B, the display 630 may display the 3D tomography image 2550

reconstructed by using the corrected first information. In FIG. 25B, the 3D tomography

image 2550 represents a heart three-dimensionally.

[396] The user interface 650 may receive information which indicates a region of interest

(ROI) 2560 from a user. When the ROI 2560 is set, the 3D tomography image 2550

may include at least one selected from an image 2555 which represents the entire

portion of the heart, which is an object, and partial images 2570 and 257 1 which re

spectively represent the ROI 2560 in detail. For example, the partial image 2570 may

be a blood vessel cross- sectional image in the ROI 2560, and the partial image 2571

may be an image obtained by magnifying the object included in the ROI 2560.

[397] FIG. 26 illustrates a screen image 2600 displayed on the tomography apparatus 600

of FIG. 6.

[398] The image reconstructor 620 may reconstruct a plurality of images which re

spectively correspond to a plurality of time points between the first and second time

points t l and t2. The plurality of time points between the first and second time points

t l and t2 may be automatically set by the image reconstructor 620, or may be manually

set via the user interface 650. For example, when the plurality of time points between

the first and second time points t l and t2 may be automatically set by the image recon

structor 620, the image reconstructor 620 may divide a time section between the first

and second time points t l and t2 at regular intervals in order to obtain a plurality of

time points, and may reconstruct the plurality of images respectively in correspondence

with the plurality of time points.

[399] The display 630 may display a screen image which includes a plurality of images

produced by the image reconstructor 620.

[400] Referring to FIG. 26, the screen image 2600 may include a plurality of images 2631,

2632, 2633, and 2634 which respectively correspond to the plurality of time points

between the first and second time points t l and t2.

[401] The screen image 2600 may include a UI screen image, and may display corrected



first information 261 1. A user may select some time points from the corrected first in

formation 261 1. Then, the image reconstructor 620 may reconstruct images which re

spectively correspond to the selected time points and control the reconstructed images

to be displayed on the screen image 2600.

[402] In FIG. 26, a case where 100 msec, 300 msec, 500 msec, and 700 msec are selected

as the time points of the images desired to be reconstructed is illustrated as an example.

Accordingly, as illustrated in FIG. 26, the screen image 2600 may include an image

2631 corresponding to 100 msec, an image 2632 corresponding to 300 msec, an image

2633 corresponding to 500 msec, and an image 2634 corresponding to 700 msec.

[403] FIG. 27 illustrates a screen image displayed on the tomography apparatus 600 of

FIG. 6.

[404] The image reconstructor 620 may reconstruct a plurality of images which re

spectively correspond to a plurality of time points between the first and second time

points t l and t2 and produce a moving picture 2710 that sequentially reproduces the re

constructed images in chronological order.

[405] The display 630 may display a UI screen image 2700 which relates to reproducing

the moving picture 2710.

[406] Referring to FIG. 27, the UI screen image 2700 includes a moving picture re

producing menu image 2730 which relates to reproducing the moving picture 2710.

The moving picture 2710 sequentially reproduces the plurality of images which re

spectively correspond to the plurality of time points between the first and second time

points t l and t2 in chronological order. The UI screen image 2700 may further include

a menu 2740 which represents a total time section, and a menu 2741 which displays a

time point which corresponds to an image that is currently being reproduced.

[407] As described above, by sequentially displaying images which correspond to a

plurality of time points included in the total time section, a motion change of the object

according to the elapsement of time may be easily ascertained.

[408] FIGS. 28A and 28B are views which illustrate motion artifacts existing in a recon

structed tomography image. In detail, FIG. 28A illustrates tomography images recon

structed by the tomography apparatuses 500 and 600 according to one or more

exemplary embodiments. FIG. 28B illustrates tomography images reconstructed by a

tomography apparatus of the related art according to the back-projection method.

[409] Referring to a block 2810 of FIG. 28A, a plurality of reconstructed images 2821,

2822, 2823, 2824, and 2825 reconstructed by using corrected first information and at

least one of the first and second images are illustrated. The plurality of reconstructed

images 2821, 2822, 2823, 2824, and 2825 are tomography images which respectively

correspond to a plurality of time points within a total time section.

[410] Referring to a block 2850 of FIG. 28B, a plurality of tomography images 2861, 2862,



2863, 2864, and 2865 reconstructed according to the back-projection method are i l

lustrated. The plurality of reconstructed images 2861, 2862, 2863, 2864, and 2865 may

be tomography images which respectively correspond to a plurality of time points

within the total time section.

] When the images of FIG. 28A are compared with those of FIG. 28B, the images

2821 and 2861 are images reconstructed at the same time point, and the images 2822

and 2862 are images reconstructed at the same time point. The images 2823 and 2863

are images reconstructed at the same time point, the images 2824 and 2864 are images

reconstructed at the same time point, and the images 2825 and 2865 are images recon

structed at the same time point.

] When the images 2822 and 2862 are compared with each other, an edge within a

partial area 287 1 is inaccurately reconstructed due to motion artifacts present in the

image 2862, whereas an edge within a partial area 281 1 which corresponds to the

partial area 2871 is accurately reconstructed in the image 2822.

] When the images 2823 and 2863 are compared with each other, an edge within a

partial area 2872 is inaccurately reconstructed due to motion artifacts present in the

image 2863, whereas an edge within a partial area 2812 which corresponds to the

partial area 2872 is accurately reconstructed in the image 2823.

] When the images 2824 and 2864 are compared with each other, an edge within a

partial area 2873 is inaccurately reconstructed due to motion artifacts present in the

image 2864, whereas an edge within a partial area 2813 which corresponds to the

partial area 2873 is accurately reconstructed in the image 2824.

] FIGS. 29A and 29B are views which illustrate motion artifacts existing in a recon

structed tomography image.

] In detail, FIG. 29A illustrates heart tomography images reconstructed by a to

mography apparatus of the related art according to the back-projection method. In

detail, FIG. 29B illustrates heart tomography images reconstructed by the tomography

apparatuses 500 and 600 according to one or more exemplary embodiments.

] Referring to FIG. 29A, a plurality of image sets 2910, 2920, 2930, and 2940 recon

structed according to the back-projection method are illustrated. The plurality of image

sets 2910, 2920, 2930, and 2940 are tomography images which respectively

correspond to a plurality of time points within the R-R time section.

] Referring to FIG. 29B, a plurality of image sets 2950, 2960, 2970, and 2980 recon

structed by using corrected first information and at least one of the first and second

images are illustrated. The plurality of image sets 2950, 2960, 2970, and 2980 are to

mography images which respectively correspond to a plurality of time points within

the R-R time section.

] In each image set (e.g., 2910), an image 2912 at the upper portion and an image 291 1



on the left side of the center portion are images which represent a transaxial cross-

section of the abdomen, an image 2913 on the right side of the center portion is an

image which represents a sagittal cross- section of the abdomen, and an image 2914 at

the lower portion is an image which represents a coronal cross-section of the abdomen.

[420] The images sets 2910 and 2950 are sets of reconstructed images which represent a

time point which corresponds to 50% of the R-R time section, and the images sets

2920 and 2960 are sets of reconstructed images which represent a time point which

corresponds to 60% of the R-R time section. The images sets 2930 and 2970 are sets of

reconstructed images which represent a time point which corresponds to 70% of the R-

R time section, and the images sets 2940 and 2980 are sets of reconstructed images

which represent a time point which corresponds to 80% of the R-R time section.

[421] When the images sets 2910 and 2950 are compared with each other, a plurality of

partial areas, namely, partial area 2915, where motion artifacts are present noticeably

appear in the reconstructed images within the image set 2910, whereas motion artifacts

are remarkably reduced in the image set 2950. In detail, an edge of the object is clearly

reconstructed due to a rare presence of motion artifacts within an area 295 1 which cor

responds to an area 2915 which represents a coronary artery within the heart.

[422] When the images sets 2920 and 2960 are compared with each other, a plurality of

partial areas, namely, partial areas 2925 and 2926, where motion artifacts are present

noticeably appear in the reconstructed images within the image set 2920, whereas

motion artifacts are remarkably reduced in the image set 2960. In detail, an edge of the

coronary artery is clearly reconstructed due to a rare presence of motion artifacts

within areas 2965 and 2966 which respectively correspond to the areas 2925 and 2926.

[423] When the images sets 2930 and 2970 are compared with each other, a plurality of

partial areas, namely, partial areas 2935 and 2936, where motion artifacts are present

noticeably appear in the reconstructed images within the image set 2930, whereas

motion artifacts are remarkably reduced in the image set 2970. In detail, an edge of the

coronary artery is clearly reconstructed due to a rare presence of motion artifacts

within areas 2975 and 2976 which respectively correspond to the areas 2935 and 2936.

[424] When the images sets 2940 and 2980 are compared with each other, a plurality of

partial areas, namely, partial area 2945, where motion artifacts are present noticeably

appear in the reconstructed images within the image set 2940, whereas motion artifacts

are remarkably reduced in the image set 2980. In detail, an edge of the coronary artery

is clearly reconstructed due to a rare presence of motion artifacts within an area 2985

which corresponds to the area 2945.

[425] In a conventional apparatus and method of reconstructing a tomography image, when

a tomography scan is performed on a moving object, an image of the object is not

clearly reconstructed due to motion artifacts. For example, when the entire heart is



scanned, even when a section during which motion of the heart is minimal is found

from the R-R time section via ECG gating and then a tomography image is recon

structed, motion artifacts are present within the reconstructed tomography image due to

periodic heart beating of the heart. At other time points during which ECG gating is

not performed in the R-R time section, it is difficult to reconstruct an accurate image

due to an increase in motion artifacts.

[426] To address this problem, in the related art, a tomography image is reconstructed at an

end time point of systole or an end time point of diastole. To minimize motion artifacts

which are caused due to motion of the heart, a beta blocker is injected into a patient so

that the heartbeat of the patient decreases, and then a tomography scan is performed.

However, in conventional tomography image reconstruction, it is difficult to prevent

motion artifacts which are caused due to motion of the heart.

[427] As described above, in one or more exemplary embodiments, first information which

represents a motion of an object is corrected to more accurately reflect the motion of

the object, and thus the first information may more accurately reflect a motion change

of the object. Moreover, image reconstruction is performed using the corrected first in

formation, and thus an image having a high temporal resolution may be reconstructed

and an image in which motion artifacts are minimized may be reconstructed.

Therefore, a user may more accurately diagnose a disease by using a tomography

image in which motion artifacts are minimized.

[428] FIG. 30 is a flowchart of a tomography image reconstructing method 3000, according

to an exemplary embodiment. The operations included in the tomography image recon

structing method 3000 are the same as the operations performed in the tomography ap

paratuses 500 and 600 described above with reference to FIGS. 1A-29B. Accordingly,

descriptions of the tomography image reconstructing method 3000 that are the same as

those made with reference to FIGS. 1A-29B are not repeated herein.

[429] Referring to FIG. 30, a first image which corresponds to a first time point and a

second image which corresponds to a second time point are acquired by performing a

tomography scan on an object, in operation 3010. The operation 3010 may be

performed by the data acquirer 610 of the tomography apparatus 600.

[430] First information which indicates a relationship between a motion amount of the

object and a corresponding time amount is acquired based on a motion amount

between the first image and the second image. Then, in operation 3020, a third image

which corresponds to a third time point between the first and second time points is

predicted based on the first information, and the first information is corrected based on

obtained data which corresponds to the third time point and the predicted third image.

The operation 3020 may be performed by the image reconstructor 620 of the to

mography apparatus 600. The first information may be information which indicates a



relationship between a motion amount of the object corresponding to an MVF between

the first image and the second image and the corresponding time amount.

[431] In operation 3030, the third image is reconstructed by using the corrected first in

formation. The operation 3030 may be performed by the image reconstructor 620 of

the tomography apparatus 600.

[432] The exemplary embodiments can be written as computer programs and can be im

plemented in general-use digital computers that execute the programs using a

transitory or non-transitory computer readable recording medium.

[433] Examples of the computer readable recording medium include magnetic storage

media (e.g., ROM, floppy disks, hard disks, etc.), optical recording media (e.g., CD-

ROMs, or DVDs), etc.

[434] It should be understood that the exemplary embodiments described above should be

considered in a descriptive sense only and not for purposes of limitation. Descriptions

of features or aspects within each exemplary embodiment should typically be

considered as available for other similar features or aspects in other exemplary em

bodiments.

[435] While one or more exemplary embodiments have been described with reference to

the figures, it will be understood by those of ordinary skill in the art that various

changes in form and details may be made therein without departing from the spirit and

scope of the present disclosure as defined by the following claims.
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Claims
A tomography apparatus comprising:

a data acquirer configured to acquire a first image which corresponds to

a first time point and to acquire a second image which corresponds to a

second time point by performing a tomography scan on an object; and

an image reconstructor configured to acquire first information which

relates to a relationship between a time amount and a motion amount of

the object based on the acquired first image and the acquired second

image, to predict a third image which corresponds to a third time point

between the first time point and the second time point based on the first

information, to correct the first information by using the predicted third

image and measured data which corresponds to the third time point,

and to reconstruct a final third image which corresponds to the third

time point by using the corrected first information.

The tomography apparatus of claim 1, wherein the first information

includes information which indicates a relationship between a time

amount and a motion amount of the object which correspond to a

motion vector field (MVF) between the first image and the second

image.

The tomography apparatus of claim 1, wherein the image reconstructor

is further configured to correct the first information based on predicted

data acquired by forward projecting the predicted third image with

respect to the measured data.

The tomography apparatus of claim 1, wherein the image reconstructor

is further configured to compare a predicted sinogram acquired by

forward projecting the predicted third image with a measured sinogram

acquired by detecting X-rays that have been projected by the object

within a time section which corresponds to the third time point, and to

correct the first information such that a difference between the

predicted sinogram and the measured sinogram decreases.

The tomography apparatus of claim 1, wherein the image reconstructor

is further configured to compare a fourth image obtained by back-

projecting measured data acquired at the third time point with the

predicted third image and to correct the first information such that a

difference between the predicted third image and the fourth image

decreases.

The tomography apparatus of claim 1, wherein the image reconstructor
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is further configured to correct the first information at the third time

point which is a time point apart from the first time point toward the

second time point by a first time period.

The tomography apparatus of claim 1, wherein the image reconstructor

is further configured to correct the first information at the third time

point which is a time point apart from the second time point toward the

first time point by a first time period.

The tomography apparatus of claim 1, wherein the image reconstructor

is further configured to acquire second information by correcting the

first information at a time point apart from the first time point toward

the second time point by a first time period, to acquire third information

by correcting the first information at a time point apart from the second

time point toward the first time point by the first time period, and to

generate corrected first information, based on the second information

and the third information.

The tomography apparatus of claim 1, wherein the image reconstructor

is further configured to warp a center of a voxel which indicates the

object based on the corrected first information and to reconstruct the

final third image by back-projecting a position of the warped center of

the voxel.

The tomography apparatus of claim 1, wherein the data acquirer is

further configured to select two time points at which a motion of the

object is minimized within a predetermined time section as the first

time point and the second time point.

The tomography apparatus of claim 1, further comprising a display

configured to display a screen image which includes at least one from

among the first image, the second image, the first information, the

corrected first information, and the final third image.

The tomography apparatus of claim 1, wherein the image reconstructor

is further configured to reconstruct a plurality of images which re

spectively correspond to a plurality of time points between the first

time point and the second time point by using the corrected first in

formation, and to generate a moving picture by using the plurality of

images.

The tomography apparatus of claim 12, further comprising a display

configured to display a user interface (UI) image which relates to

playing back the moving picture.

The tomography apparatus of claim 1, wherein the image reconstructor
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is further configured to perform motion correction with respect to the

first image and the second image by using the corrected first in

formation and to re-acquire the first information by using the motion-

corrected first image and the motion-corrected second image.

[Claim 15] A method for reconstructing a tomography image, the method

comprising:

acquiring a first image which corresponds to a first time point and a

second image which corresponds to a second time point by performing

a tomography scan on an object;

acquiring first information which relates to a relationship between a

motion amount of the object and a time amount based on the acquired

first image and the acquired second image, predicting a third image

which corresponds to a third time point between the first time point and

the second time point based on the first information, and correcting the

first information by using the predicted third image and measured data

which corresponds to the third time point; and

reconstructing a final third image which corresponds to the third time

point by using the corrected first information.
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