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Description
Title of Invention: METHOD AND APPARATUS FOR

PROCESSING MEDICAL IMAGE
Technical Field

The present disclosure relates to a method and apparatus for processing a medical
image, and more particularly, to a method and apparatus for processing a plurality of

medical images to diagnose a patient's disease.

Background Art

Medical imaging apparatuses are used to acquire images of internal organs and body
parts. The medical imaging apparatuses are non-invasive examination apparatuses that
can capture detailed images of structures, tissue, fluid flow, etc., inside a body and
provide the images to a user. A user, for example, a medical practitioner, may use
medical images from the medical imaging apparatuses to diagnose a patient's
condition.

Examples of a medical imaging apparatus include a magnetic resonance imaging
(MRI) apparatus, a computed tomography (CT) apparatus, an X-ray apparatus, an ul-
trasound diagnosis apparatus, and the like.

A CT apparatus is capable of providing a cross-sectional image of an object. Fur-
thermore, the CT apparatus may represent an internal structure (e.g., organs such as
kidney, lung, etc.) of the object without superimposition of other body parts in front of
and/or behind the internal structure, unlike a traditional X-ray apparatus. Due to these
advantages, the CT apparatus has been widely used for precise diagnosis of diseases.

A CT apparatus emits an X-ray towards an object, detects the X-ray that has passed
through the object, and reconstructs an image by using the detected X-ray.

An MRI apparatus uses a magnetic field to capture an image of a subject, and is
widely used to accurately diagnose diseases because it shows stereoscopic images of
bones, lumbar discs, joints, nerve ligaments, etc., at desired angles.

The MRI apparatus acquires MR signals by using a radio frequency (RF) multi-coil
such as, for example, RF coils, a permanent magnet, gradient coils, etc. and samples
the acquired MR signals, thereby reconstructing an MR image.

As described above, medical images obtained by various medical imaging ap-
paratuses depict an object in various ways according to the type of medical imaging
apparatus and scanning method used.

A doctor may analyze a medical image and determine the presence of disease or
abnormal health conditions in a patient. Thus, a medical imaging apparatus that

processes medical images to generate a diagnostic image so that a user, e.g., a medical
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practitioner, may assess or diagnose a patient's disease would be useful.

Disclosure of Invention

Technical Problem

A medical imaging apparatus that processes medical images to generate a diagnostic
image so that a user, €.g., a medical practitioner, may assess or diagnose a patient's
disease would be useful.
Solution to Problem

Provided are methods and apparatuses for processing a medical image to facilitate
observation or diagnosis of a patient's disease by a user. The user may easily determine
or recognize a change in status of a patient's disease when the user needs to track and
monitor the patient's disease at time intervals. The user may process a medical image
to generate a diagnostic image so that the user may determine a degree of change with
respect to, for example, metastatic bone cancer when follow-up monitoring of the

metastatic bone cancer is needed.

Advantageous Effects of Invention

The user can easily determine or recognize a change in status of a patient's disease
when the user needs to track and monitor the patient's disease at time intervals.
Brief Description of Drawings

These and/or other aspects will become apparent and more readily appreciated from
the following description of the exemplary embodiments, taken in conjunction with the
accompanying drawings in which:

FIG. 1 is a schematic diagram of a computed tomography (CT) system;

FIG. 2 illustrates a structure of a CT system according to an exemplary embodiment;

FIG. 3 illustrates a configuration of a communication unit;

FIG. 4 is a schematic diagram of a general magnetic resonance imaging (MRI)
system;

FIGS. 5a and 5b show CT images for diagnosing metastatic bone cancer;

FIG. 6 illustrates a medical image processing apparatus according to an exemplary
embodiment;

FIG. 7 illustrates a medical image processing apparatus according to another
exemplary embodiment;

FIG. 8 is a flowchart for explaining an operation of a medical image processing
apparatus, according to an exemplary embodiment;

FIG. 9 is a diagram for explaining medical images that are processed by a medical
image processing apparatus according to an exemplary embodiment;

FIG. 10 is a detailed flowchart for explaining an operation of a medical image

processing apparatus, according to an exemplary embodiment;
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FIG. 11 is a diagram for explaining an operation of extracting a target via a medical

image processing apparatus, according to an exemplary embodiment;
FIG. 12 is a diagram for explaining registration that is performed by a medical image

processing apparatus according to an exemplary embodiment;

FIG. 13 is a diagram for explaining a blending operation that is performed by a
medical image processing apparatus according to an exemplary embodiment;

FIG. 14 is a diagram for explaining a diagnostic image acquired by a medical image
processing apparatus, according to an exemplary embodiment;

FIG. 15 is a diagram for explaining a blending operation that is performed by a
medical image processing apparatus according to an exemplary embodiment;

FIG. 16 is a flowchart for explaining an operation of a medical image processing
apparatus, according to an exemplary embodiment;

FIG. 17 illustrates a user interface screen output from a medical image processing
apparatus, according to an exemplary embodiment;

FIG. 18 illustrates a user interface screen output from a medical image processing
apparatus, according to another exemplary embodiment; and

FIG. 19 is a flowchart of a medical image processing method according to an
exemplary embodiment.

Best Mode for Carrying out the Invention

Provided are methods and apparatuses for processing a medical image to facilitate
observation or diagnosis of a patient's disease by a user. The user may easily determine
or recognize a change in status of a patient's disease when the user needs to track and
monitor the patient's disease at time intervals. The user may process a medical image
to generate a diagnostic image so that the user may determine a degree of change with
respect to, for example, metastatic bone cancer when follow-up monitoring of the
metastatic bone cancer is needed.

Additional aspects will be set forth in the description that follows and/or learned by
practice of the presented exemplary embodiments.

According to an aspect of an exemplary embodiment, a medical image processing
apparatus includes: a data acquisition unit configured to acquire a plurality of medical
images representing an object, including at least one target in the object, corresponding
to a plurality of different time points, wherein at least one of the plurality of medical
images correspond to one of the plurality of different time points; and an image
processor configured to generate, based on the plurality of medical images, a di-
agnostic image showing at least one degree of change in at least one target over the
plurality of different time points.

The image processor may classify each of the at least one degree of change into one
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of a plurality of stages and generate the diagnostic image showing at least one degree
of change, and to distinguish each of the plurality of stages from others of the plurality
of stages.

The image processor may register the plurality of medical images to generate a
plurality of registered medical images, and to quantify each of the at least one degree
of change into one of a plurality of stages based on a variation in pixel intensity
between corresponding pixels in the plurality of registered medical images.

The image processor may classify each of the at least one degree of change into one
of a plurality of stages, and to distinguish each of the plurality of stages in the di-
agnostic image by use of at least one of colors, shapes, marks, and lines. The medical
image processing apparatus may further include a user interface unit configured to
receive input to select colors, shapes, marks, and/or lines to distinguish the plurality of
stages.

The image processor may classify each of the at least one degree of change into one
of a plurality of stages, and use color to distinguish each of the plurality of stages in the
diagnostic image from others of the plurality of stages. The medical image processing
apparatus may further include a user interface unit configured to receive input to set
different colors to the plurality of stages.

The image processor may classify the degree of change into a plurality of stages and
generate the diagnostic image showing the degree of change in at least one target by
using a plurality of different colors corresponding to the plurality of stages.

The medical image processing apparatus may further comprise a user interface unit
configured to receive input to map each of the plurality of stages to a different color.

The at least one degree of change may comprise at least one of a physiological
change, a position change, a size change, and a shape change.

The object may include a part of a patient's body, and at least one target may be a
bone in the part of the patient's body.

The diagnostic image may be an image showing the degree of change in the bone
that is classified into one of the plurality of stages and representing a degree of pro-
gression of metastatic bone cancer including at least one of lytic metastatic cancer and
blastic metastatic cancer.

The diagnostic image may include a target-extracted image representing at least one
target and showing at least one degree of change as one of a plurality of stages.

The diagnostic image may include an overlay image obtained by registering and su-
perimposing a plurality of medical images and showing at least one degree of change
as one of a plurality of stages.

The diagnostic image may be a blended image obtained by blending at least one of a

plurality of medical images with an image showing at least one degree of change that
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has been classified into one of a plurality of stages.

The image processor may obtain a plurality of target-extracted images respectively
corresponding to the plurality of different time points by extracting at least one target
from each of the plurality of medical images, to generate a plurality of registered
images by registering the plurality of target-extracted images, and to generate the di-
agnostic image based on the plurality of registered images.

The image processor may be configured to extract at least one target by segmenting
at least one target from each of the plurality of medical images.

The image processor may generate the plurality of registered images by registering
the plurality of target-extracted images using at least one of rigid registration and non-
rigid registration.

The image processor may perform symmetric registration to reduce a quantification
error caused by blurring that occurs during warping, by using at least one of the rigid
registration and the non-rigid registration.

The image processor may calculate a variation of at least one target in the plurality of
medical images based on the plurality of registered images, to quantify the calculated
variation, and to classify at least one degree of change into one of a plurality of stages
based on the quantified variation.

The image processor may quantify at least one degree of change based on a variation
in pixel intensity between corresponding pixels in the plurality of registered images.

The image processor may map the plurality of stages to colors and indicate at least
one degree of change in at least one target by using the mapped colors. The colors may
be chromatic or achromatic.

The image processor may generate the diagnostic image by blending at least one of
the plurality of medical images with an image showing at least one degree of change in
at least one target using the mapped colors, using at least one of linear transformation,
Gamma transformation, or contrast stretching transformation.

The image processor may filter the plurality of registered images to remove a false
positive having a predetermined form and to generate a diagnostic image based on the
filtered plurality of registered images.

The medical image processing apparatus may further include a display unit
configured to display the diagnostic image.

The medical image processing apparatus may further include a display unit
configured to display the diagnostic image and at least one of the plurality of medical
images.

The medical image processing apparatus may further include a display unit
configured to display the diagnostic image and a plurality of registered medical images

obtained by registering the plurality of medical images.
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The image processor may numerically calculate the at least one degree of change in
the at least one target and to generate information indicating a result of the numerical
calculation.

The medical image processing apparatus may further include a display unit
configured to display the information and the diagnostic image.

The plurality of medical images may be a plurality of computed tomography (CT)
images, and the image processor may be configured to perform iterative reconstruction
or filtering in an image domain to correct inhomogeneity in image quality of the
plurality of CT images.

The image processor may perform a partial volume correction method on at least one
of the plurality of medical images and the diagnostic image.

According to an aspect of another exemplary embodiment, a medical image
processing method includes: acquiring a plurality of medical images representing an
object, including at least one target in the object, corresponding to a plurality of
different time points, wherein at least one of the plurality of medical images
correspond to one of the plurality of different time points; calculating, based on the
plurality of medical images, at least one degree of change that has occurred in at least
one target over the plurality of different time points; and generating a diagnostic image
showing at least one degree of change in at least one target.

The generating of the diagnostic image may include: classifying each of the at least
one degree of change into one of a plurality of stages, wherein each of the plurality of
stages is distinguished from others of the plurality of stages; and showing on the di-
agnostic image at least one degree of change.

The generating of the diagnostic image may include: generating a plurality of
registered medical images by registering the plurality of medical images; and
quantifying each of the at least one degree of change into one of a plurality of stages
based on a variation in pixel intensity between corresponding pixels in the plurality of
registered medical images, wherein each of the plurality of stages is distinguished from
others of the plurality of stages.

The generating of the diagnostic image may include classifying at least one degree of
change into one of a plurality of stages and distinguishing each of the plurality of
stages from others of the plurality of stages using at least one of colors, shapes, marks,
and lines.

Input may be received to select at least one of colors, shapes, marks, and lines to dis-
tinguish the each of the plurality of stages.

The change may include at least one of a physiological change, a position change, a
size change, and a shape change that have occurred in at least one target.

The generating of the diagnostic image may include: classifying each of the at least
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one degree of change into one of a plurality of stages; and showing the degree of
change in at least one target by using color for each of the plurality of stages to dis-
tinguish each of the plurality of stages from others of the plurality of stages. Input may
be received to map each of the plurality of stages to a different color.

The diagnostic image may include a target-extracted image, representing the at least
one target, generated by extracting the at least one target from at least one of the
plurality of medical images.

The diagnostic image may include an overlay image obtained by registering and su-
perimposing the plurality of medical images.

The diagnostic image may be a blended image obtained by blending at least one of
the plurality of medical images with an image showing at least one degree of change
classified into one of a plurality of stages.

The generating of the diagnostic image may include: obtaining a plurality of target-
extracted images respectively corresponding to the plurality of different time points by
extracting at least one target from each of the plurality of medical images; generating a
plurality of registered images by registering the plurality of target-extracted images;
and generating the diagnostic image based on the plurality of registered images.

Obtaining the plurality of target-extracted images may include segmenting at least
one target to extract the target.

Generating the plurality of registered images may include registering the plurality of
target-extracted images by using at least one of rigid registration and non-rigid reg-
istration.

Generating the plurality of registered images may include performing symmetric reg-
istration to reduce a quantification error caused by blurring that occurs during warping,
by using the at least one of the rigid registration and the non-rigid registration.

Generating the diagnostic image based on the plurality of registered images may
further comprise calculating a variation of at least one target in the plurality of medical
images based on the plurality of registered images, quantifying the variation, and
classifying at least one degree of change into one of a plurality of stages based on the
quantified variation.

Generating the diagnostic image based on the plurality of registered images may
further include quantifying the variation in pixel intensity between corresponding
pixels in the plurality of registered images.

Generating the diagnostic image based on the plurality of registered images may
include filtering to remove a false positive having a predetermined form from among at
least one target in the plurality of registered images.

The medical image processing method may further include displaying the diagnostic

image.
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The medical image processing method may further include: generating information
indicating a result of calculating at least one degree of change; and displaying the in-

formation and the diagnostic image.
The plurality of medical images may be a plurality of CT images obtained by

performing CT scans, and the medical image processing method may further include
performing iterative reconstruction or filtering in an image domain to correct inho-
mogeneity in image quality of the plurality of CT images.

The medical image processing method may further include performing a partial
volume correction method on at least one of the plurality of medical images and the di-
agnostic image.

Mode for the Invention

This application claims the benefit of Korean Patent Application
No0.1020140163823, filed on November 21, 2014, and Korean Patent Application
No.1020150139997, filed on October 5, 2015, in the Korean Intellectual Property
Office, the disclosures of which are incorporated herein in their entireties by reference.

Advantages and features of one or more embodiments of the present disclosure and
methods of accomplishing the same may be understood more readily by reference to
the following detailed description of the embodiments and the accompanying
drawings.

In this regard, the present embodiments should not be construed as being limited to
the descriptions set forth herein. Rather, these embodiments are provided as examples
so that this disclosure will be thorough and complete and will fully convey the concept
of the present embodiments to one of ordinary skill in the art. The appended claims il-
lustrate some of the embodiments of the present disclosure.

Like reference numerals refer to like elements throughout the specification. All terms
including descriptive or technical terms used herein should be construed as having
meanings that are obvious to one of ordinary skill in the art. When a term has an
ambiguous meaning due to evolving of language, precedent cases, or the appearance of
new technologies, the meaning of a term used in this disclosure should first be clarified
by its usage and/or definition in this disclosure. The term should then be clarified as
one of ordinary skill in the art would have understood the term at the time of this
disclosure.

When a part "includes" or "comprises" an element, unless there is a particular de-
scription contrary thereto, the part can further include other elements. The term "unit"
in the embodiments of the present disclosure means a software component or a
hardware component that performs a specific function. The hardware component may

include, for example, a field-programmable gate array (FPGA) or an application-
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specific integrated circuit (ASIC).

Software component may refer to executable code and/or data used by the executable
code in an addressable storage medium. Thus, software components may be, for
example, object-oriented software components, class components, and task
components, and may include processes, functions, attributes, procedures, subroutines,
segments of program code, drivers, firmware, micro codes, circuits, data, a database,
data structures, tables, arrays, or variables.

A function provided by a "unit" may be divided into additional components and
"units.

Reference will now be made in detail to embodiments, examples of which are il-
lustrated in the accompanying drawings. In this regard, the present 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 embodiments with unnecessary detail.

In the present specification, an "image" may refer to multi-dimensional data
composed 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 captured by a computed tomography (CT) imaging
apparatus. Throughout the specification, a "CT image" may mean an image generated
by synthesizing a plurality of X-ray images obtained by a CT imaging apparatus that
may rotate around at least one axis with respect to an object.

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 be an organ (e.g., the liver,
the heart, the womb, the brain, a breast, or the abdomen), a blood vessel, or a com-
bination thereof.

Additionally, the object may be a phantom in this disclosure. A phantom is defined
as a material having a density, an effective atomic number, and volume that are ap-
proximately the same as those of an organism. For example, the phantom may be a
spherical shape having properties similar to the human body.

Furthermore, in the present specification, a "user" may be, but is not limited to, a
medical expert, such as a medical doctor, a nurse, a medical laboratory technologist, or
a technician who repairs a medical apparatus.

Since a CT system is capable of providing a cross-sectional image of an object, the
CT system may distinctively express an inner structure of an object such as, for
example, a kidney or a lung, compared to a traditional X-ray imaging apparatus. The
CT system may obtain a plurality of image data for image slices of about 2 mm in

thickness. The images may be created several tens to several hundred times per second
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and then may process the plurality of pieces of image data, so that the CT system may
provide a relatively accurate image of the object.

Initially, only a horizontal cross-sectional image of the object could be obtained, but
this issue has been overcome with various image reconstruction methods. Examples of
3D image reconstruction methods are:

Shade surface display (SSD) - an initial 3D imaging method of displaying only
voxels having a predetermined Hounsfield Units (HU) value.

Maximum intensity projection (MIP)/minimum intensity projection (MinlP) - a 3D
imaging method of displaying only voxels having the greatest or smallest HU value
from among voxels that construct an image.

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.

Virtual endoscopy - a method that allows endoscopy observation in a 3D image that
is reconstructed by using the VR method or the SSD method.

Multi-planar reformation (MPR) - a method of reconstructing an image into a
different cross-sectional image.

A user may reconstruct an image in any desired direction.

Editing - a method of editing adjacent voxels so as to allow a user to easily observe
an area of interest in volume rendering.

Voxel of interest (VOI) - a method of displaying only a selected area in volume
rendering.

A CT system 100 according to an embodiment of the disclosure will now be
described with reference to FIGS. 1 and 2.

FIG. 1 schematically illustrates the CT system 100. Referring to FIG. 1, the CT
system 100 may include a gantry 102, a table 105, an X-ray generating unit 106, and
an X-ray detecting unit 108. The gantry 102 may include the X-ray generating unit 106
and the X-ray detecting unit 108. An object 10 may be positioned on the table 105.

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. Also, the table 105 may be
able to tilt or rotate. The gantry 102 may also be able to tilt in certain directions.

FIG. 2 is a block diagram illustrating a structure of the CT system 100.

The CT system 100 may include the gantry 102, the table 105, a control unit 118, a
storage unit 124, an image processing unit 126, an input unit 128, a display unit 130,
and a communication unit 132.

As described above, the object 10 may be positioned on the table 105. In the present
embodiment, the table 105 may move in a predetermined direction (e.g., at least one of
up, down, right, and left), and movement of the table 105 may be controlled by the

control unit 118.
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The gantry 102 may include a rotating frame 104, the X-ray generating unit 106, the
X-ray detecting unit 108, a rotation driving unit 110, a data acquisition system (DAS)
116, and a data transmitting unit 120. The rotating frame 104 may have a loop shape
capable of rotating with respect to a predetermined rotation axis RA. Also, the rotating
frame 104 may have a disc shape.

The rotating frame 104 may include the X-ray generating unit 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 generating unit 106 and
the X-ray detecting unit 108.

In a medical imaging system, X-ray radiation that reaches a detector (or a photo-
sensitive 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). For example, the anti-scatter grid 114 may be
formed by alternately stacking lead foil strips and an interspace material such as a solid
polymer material, solid polymer, or a fiber composite material. However, formation of
the anti-scatter grid 114 is not limited thereto.

The rotating frame 104 may receive a driving signal from the rotation driving unit
110 and may rotate the X-ray generating unit 106 and the X-ray detecting unit 108 at a
predetermined 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). Also, the rotating frame 104 may
receive the driving signal and power from the rotation driving unit 110 via wireless
communication.

The X-ray generating unit 106 may receive power to generate and emit X-rays. The
power may be received from a power distribution unit (PDU) (not shown) via a slip
ring (not shown) and then a high voltage generating unit (not shown).

When the high voltage generating unit applies predetermined voltage (hereinafter,
referred to as a tube voltage) to the X-ray generating unit 106, the X-ray generating
unit 106 may generate X-rays having energy spectra that correspond to the tube
voltage. The X-ray generated by the X-ray generating unit 106 may be emitted in a
predetermined form due to a collimator 112. The collimator 112 may be part of, for
example, the X-ray generating unit 106. The X-ray detecting unit 108 may be po-
sitioned to face the X-ray generating unit 106. There may be a plurality of X-ray
detecting devices where each may establish one channel, but embodiments of the

disclosure are not limited thereto. Each X-ray detecting device may be, for example,
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the X-ray detecting unit 108, or the X-ray detecting unit 108 may comprise a plurality
of X-ray detecting devices.

The X-ray detecting unit 108 may detect the X-ray transmitted by the X-ray
generating unit 106 through the object 10, and the X-ray detecting unit 108 may
generate an electrical signal corresponding to intensity of the detected X-ray. The X-
ray detecting unit 108 may include an indirect-type X-ray detector for detecting
radiation after converting the radiation into light, and/or a direct-type X-ray detector
for detecting radiation after directly converting the radiation into electric charges. The
indirect-type X-ray detector may use a scintillator, while 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 acquired by the DAS 116. 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).

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. 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.

The control unit 118 may control 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, or the like.

The image processing unit 126 may receive data acquired by the DAS 116 (e.g., raw
data before processing) via the data transmitting unit 120, and may perform pre-
processing. The pre-processing may include, for example, correcting a sensitivity ir-
regularity 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 metal. Data output from the image processing unit 126 may be referred to as raw
data or projection data.

The projection data may be stored in the storage unit 124 with imaging conditions
(e.g., the tube voltage, an imaging angle, etc.) during the acquisition of data. The
projection data may be a group of data values that correspond to the intensity of the X-
ray that has passed 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.
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The storage unit 124 may include at least one storage medium from, for example,
flash memory-type storage medium, hard disk-type storage medium, multimedia card
micro-type storage medium, card-type memories (e.g., a Secure Digital (SD) card, an
eXtreme Digital (XD) card, and the like), 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 disc, and an optical disc.

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 other words, 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.

The input unit 128 may receive an external input with respect to an X-ray to-
mography imaging condition, an image processing condition, or the like. For example,
the X-ray tomography imaging condition may include 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, or
the like. The image processing condition may include a resolution of an image, an at-
tenuation coefficient setting for the image, setting for an image combining ratio, or the
like.

The input unit 128 may also include a device for receiving a predetermined input
from an external source. For example, the input unit 128 may include a microphone, a
keyboard, a mouse, a joystick, a touch pad, a touch pen, a voice recognition device, a
gesture recognition device, or the like.

The display unit 130 may display an X-ray image reconstructed by the image
processing unit 126.

Exchanges of data, power, or the like between the aforementioned elements may be
performed by using wired and/or wireless communication, including optical commu-
nication. The communication unit 132 may perform communication with an external
device, an external medical apparatus, etc. via a server 134 or the like.

The communication will now be described with reference to FIG. 3.

FIG. 3 is a block diagram illustrating the communication performed by the commu-
nication unit 132.

The communication unit 132 may be connected wirelessly or via wire to a network
301 and therefore may perform communication with the server 134, a medical
apparatus 136, and/or a portable device 138.

Accordingly, the communication unit 132 may be able to exchange data with a
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hospital server or another medical apparatus in a hospital via a picture archiving and
communication system (PACS). Also, the communication unit 132 may perform data
communication with the portable device 138 or the like according to the digital
imaging and communications in medicine (DICOM) standard. The communication unit
132 may transmit and receive data related to diagnosing the object 10 via the network
301.

The communication unit 132 may also transmit and receive a medical image obtained
from the medical apparatus 136 such as a magnetic resonance imaging (MRI)
apparatus, an X-ray apparatus, or the like. Furthermore, the communication unit 132
may receive a diagnosis history or a medical treatment schedule about a patient from
the server 134 to help diagnose the patient.

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. Furthermore, the communication unit 132 may transmit in-
formation about device error, information about quality control status, or the like to a
system manager or a service manager via the network 301, and may receive feedback
regarding the information from the system manager or service manager.

FIG. 4 is a block diagram of a general MRI system. In the present disclosure, an "MR
image" refers to an image of an object obtained by using the nuclear magnetic
resonance principle. Furthermore, a "pulse sequence" refers to signals repeatedly
applied by an MRI apparatus. The pulse sequence may include a time parameter of a
radio frequency (RF) pulse, for example, repetition time (TR) or echo time (TE). Addi-
tionally, a "pulse sequence schematic diagram" shows an order of events that occur in
an MRI apparatus. For example, the pulse sequence schematic diagram may be a
diagram showing an RF pulse, a gradient magnetic field, an MR signal, or the like with
respect to time.

An MRI system is an apparatus for acquiring a sectional image of a part of an object
by expressing, in a contrast comparison, a strength of a MR signal with respect to a
radio frequency (RF) signal generated in a magnetic field having a specific strength.

For example, if an RF signal that only resonates a specific atomic nucleus (for
example, a hydrogen atomic nucleus) is emitted for an instant toward the object placed
in a strong magnetic field and then such emission stops, an MR signal is emitted from
the specific atomic nucleus, and thus the MRI system may receive the MR signal and
acquire an MR image. The MR signal denotes an electromagnetic signal emitted from
the object.

An intensity of the MR signal may be determined according to a density of a prede-
termined atom (for example, hydrogen) of the object, a relaxation time T1, a relaxation

time T2, and a flow of blood or the like. MRI systems include characteristics different
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from those of other imaging apparatuses.

Unlike imaging apparatuses such as CT apparatuses that acquire images according to
a direction of detection hardware, MRI systems may acquire 2D images or 3D images
that are oriented toward an optional point.

MRI systems do not expose objects or examiners to radiation, unlike CT apparatuses,
X-ray apparatuses, position emission tomography (PET) apparatuses, and single
photon emission CT (SPECT) apparatuses. MRI systems may acquire images having
high soft tissue contrast, and may acquire neurological images, intravascular images,
musculoskeletal images, and oncologic images that are required to precisely capture
abnormal tissues.

Referring to FIG. 4, the general MRI system may include a gantry 20, a signal
transceiver 30, a monitoring unit 40, a system control unit 50, and an operating unit 60.
The gantry 20 prevents external emission of electromagnetic waves generated by a

main magnet 22, a gradient coil 24, and an RF coil 26. A magnetostatic field and a
gradient magnetic field are formed in the gantry 20, and an RF signal is emitted toward
an object 10. The main magnet 22, the gradient coil 24, and the RF coil 26 may be
arranged in a predetermined direction in the gantry 20. The predetermined direction
may be, for example, a coaxial direction of the gantry 20.

The object 10 may be disposed on a table 28 that is capable of going in to the gantry
20. The main magnet 22 generates a magnetostatic field or a static magnetic field for
aligning magnetic dipole moments of atomic nuclei of the object 10 in a constant
direction. A precise and accurate MR image of the object 10 may be obtained due to a
strong and uniform magnetic field generated by the main magnet 22.

The gradient coil 24 includes X, Y, and Z coils for generating gradient magnetic
fields in X-, Y-, and Z-axis directions at right angles to each other. The gradient coil 24
may provide location information of each region of the object 10 by inducing
resonance frequencies differently according to the regions of the object 10.

The RF coil 26 may emit an RF signal toward a patient and receive an MR signal
emitted from the patient. In detail, the RF coil 26 may transmit toward the patient an
RF signal to excite the atomic nuclei in the targeted area to a higher state. When the RF
transmission is stopped, the atomic nuclei may drop to the lower state and emit energy
as MR signals. The RF coil may receive the MR signals from the targeted area of the
patient.

For example, in order to transit an atomic nucleus from a low energy state to a high
energy state, the RF coil 26 may generate and apply an RF signal corresponding to the
atomic nucleus of the target area of the object 10. When the electromagnetic wave
signal generated by the RF coil 26 is applied to the atomic nucleus, the atomic nucleus

may transition from a low energy state to a high energy state.
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Then, when the RF coil 26 stops generating electromagnetic waves, the atomic
nucleus may transition from the high energy state to the low energy state, and emits
electromagnetic waves having a Lamor frequency.

The RF coil 26 may receive electromagnetic waves from atomic nuclei in the object
10. The RF coil 26 may be realized as a RF transceiver that is able to transmit and
receive RF signals. The RF coil 26 may generate electromagnetic waves having a
frequency that corresponds to a type of an atomic nucleus and receive electromagnetic
waves emitted by the atomic nuclei.

Alternatively, the RF coil 26 may be realized as a transmission RF coil able to
generate electromagnetic waves having a frequency that corresponds to a type of
atomic nuclei, and a reception RF coil able to receive electromagnetic waves emitted
by atomic nuclei.

The RF coil 26 may be fixed to the gantry 20 or may be detachable. When the RF
coil 26 is detachable, the RF coil 26 may be an RF coil for a specific part of the object,
such as a head RF coil, a chest RF coil, a leg RF coil, a neck RF coil, a shoulder RF
coil, a wrist RF coil, or an ankle RF coil.

The RF coil 26 may communicate with an external apparatus via wires and/or
wirelessly, and may also perform dual tune communication according to a commu-
nication frequency band. The RF coil 26 may be a birdcage coil, a surface coil, or a
transverse electromagnetic (TEM) coil according to design and implementation
criteria.

The RF coil 26 may be a transmission exclusive coil, a reception exclusive coil, or a
transmission and reception coil. The RF coil 26 may be an RF coil having various
numbers of channels, such as 16 channels, 32 channels, 72 channels, and 144 channels.

The gantry 20 may further include a display 29 disposed outside the gantry 20 and a
display (not shown) disposed inside the gantry 20. The gantry 20 may provide prede-
termined information to the user or the object 10 through the display 29 and the display
inside the gantry 20, respectively.

The signal transceiver 30 may control the gradient magnetic field formed inside the
gantry 20, i.e., in the bore, according to a predetermined MR sequence, and control
transmission and reception of RF signal and MR signal. The signal transceiver 30 may
include a gradient amplifier 32, a transmission and reception switch 34, an RF
transmitter 36, and an RF receiver 38.

The gradient amplifier 32 drives the gradient coil 24 included in the gantry 20, and
may supply a pulse signal for generating a gradient magnetic field to the gradient coil
24 under the control of a gradient magnetic field controller 54. By controlling the pulse
signal supplied from the gradient amplifier 32 to the gradient coil 24, gradient

magnetic fields in X-, Y-, and Z-axis directions may be synthesized.
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The RF transmitter 36 and the RF receiver 38 may drive the RF coil 26. The RF
transmitter 36 may supply an RF pulse in a Lamor frequency to the RF coil 26, and the
RF receiver 38 may receive an MR signal received by the RF coil 26.

The transmission and reception switch 34 may control transmitting the RF signal and
receiving the MR signal. For example, the transmission and reception switch 34 may
allow transmission of the RF signal toward the object 10 through the RF coil 26 during
a transmission mode, and allow reception of the MR signal from the object 10 through
the RF coil 26 during a reception mode. The transmission and reception switch 34 may
be controlled by a control signal from an RF controller 56.

The monitoring unit 40 may monitor or control the gantry 20 or devices mounted on
the gantry 20. The monitoring unit 40 may include a system monitoring unit 42, an
object monitoring unit 44, a table controller 46, and a display controller 48.

The system monitoring unit 42 may monitor and control a state of the magnetostatic
field, a state of the gradient magnetic field, a state of the RF signal, a state of the RF
coil 26, a state of the table 28, a state of a device measuring body information of the
object 10, a power supply state, a state of a thermal exchanger, and a state of a
COMPIessor.

The object monitoring unit 44 may monitor a state of the object 10. In detail, the
object monitoring unit 44 may include a camera for observing movement or position of
the object 10, a respiration measurer for measuring the respiration of the object 10, an
electrocardiogram (ECG) measurer for measuring the electrical activity of the object
10, or a thermometer for measuring a temperature of the object 10.

The table controller 46 controls a movement of the table 28 where the object 10 is
positioned. The table controller 46 may control the movement of the table 28 according
to a sequence control of a sequence controller 52. For example, during moving
imaging of the object 10, the table controller 46 may continuously or discretely move
the table 28 according to the sequence control of the sequence controller 52, and thus
the object 10 may be photographed in a field of view (FOV) larger than that of the
gantry 20.

The display controller 48 controls the display 29 outside the gantry 20 and the
display inside the gantry 20. In detail, the display controller 48 may turn the display 29
and the inside display on or off, and may control a screen image to be output on the
display 29 and the inside display. Also, when a speaker is located inside or outside the
gantry 20, the display controller 48 may turn the speaker on or off, and/or may control
sound to be output via the speaker.

The system control unit 50 may include the sequence controller 52 for controlling a
sequence of signals formed in the gantry 20, and a gantry controller 58 for controlling

the gantry 20 and the devices mounted on the gantry 20. The sequence controller 52
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may include the gradient magnetic field controller 54 for controlling the gradient
amplifier 32, and the RF controller 56 for controlling the RF transmitter 36, the RF
receiver 38, and the transmission and reception switch 34. The sequence controller 52
may control the gradient amplifier 32, the RF transmitter 36, the RF receiver 38, and
the transmission and reception switch 34 according to a pulse sequence received from
the operating unit 60.

The pulse sequence may include all information required to control the gradient
amplifier 32, the RF transmitter 36, the RF receiver 38, and the transmission and
reception switch 34. For example, the pulse sequence may include information about a
strength, an application time, and application timing of a pulse signal applied to the
gradient coil 24.

The operating unit 60 may request the system control unit 50 to transmit pulse
sequence information while controlling an overall operation of the MRI system. The
operating unit 60 may include an image processor 62 for receiving and processing the
MR signal received by the RF receiver 38, an output unit 64, and an input unit 66.

The image processor 62 may process the MR signal received from the RF receiver 38
so as to generate MR image data of the object 10. The image processor 62 receives the
MR signal received by the RF receiver 38 and performs any one of various signal
processing, such as amplification, frequency transformation, phase detection, low
frequency amplification, and filtering, on the received MR signal.

The image processor 62 may arrange digital data in a k space (also referred to as a
Fourier space or a frequency space) of a memory, and rearrange the digital data into
image data via 2D or 3D Fourier transformation. The image processor 62 may perform
a composition process or a difference calculation process on the image data if required.

The composition process may be an addition process performed on a pixel or a
maximum intensity projection (MIP) process performed on a pixel. The image
processor 62 may store not only the rearranged image data but also image data on
which a composition process or a difference calculation process is performed, in
memory (not shown) or an external server.

The image processor 62 may perform any of the signal processes on the MR signal in
parallel. For example, the image processor 62 may perform a signal process on a
plurality of MR signals received by a multi-channel RF coil in parallel so as to
rearrange the plurality of MR signals into image data.

The output unit 64 may output image data generated or rearranged by the image
processor 62 to the user. The output unit 64 may also output information required for
the user to manipulate the MRI system, such as a user interface (Ul), user information,
or object information. The output unit 64 may be a speaker, a printer, a cathode-ray

tube (CRT) display, a liquid crystal display (LCD), a plasma display panel (PDP), an
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organic light-emitting device (OLED) display, a field emission display (FED), a light-
emitting diode (LED) display, a vacuum fluorescent display (VFD), a digital light
processing (DLP) display, a flat panel display (FPD), a 3-dimensional (3D) display, a
transparent display, or any one of other various output devices that are well known to
one of ordinary skill in the art.

The user may input object information, parameter information, a scan condition, a
pulse sequence, or information about image composition or difference calculation by
using the input unit 66. The input unit 66 may be a keyboard, a mouse, a track ball, a
voice recognizer, a gesture recognizer, a touch screen, or any one of other various
input devices that are well known to one of ordinary skill in the art.

The signal transceiver 30, the monitoring unit 40, the system control unit 50, and the
operating unit 60 are separate components in FIG. 4, but it will be obvious to one of
ordinary skill in the art that respective functions of the signal transceiver 30, the
monitoring unit 40, the system control unit 50, and the operating unit 60 may be
performed by another component.

For example, the image processor 62 may convert the MR signal received from the
RF receiver 38 into a digital signal, but alternatively, the conversion of the MR signal
into the digital signal may be performed by the RF receiver 38 or the RF coil 26.

The gantry 20, the RF coil 26, the signal transceiver 30, the monitoring unit 40, the
system control unit 50, and the operating unit 60 may be connected to each other by
wire or wirelessly. When they are connected wirelessly, the MRI system may further
include an apparatus (not shown) for synchronizing clock signals therebetween.

Communication between the gantry 20, the RF coil 26, the signal transceiver 30, the
monitoring unit 40, the system control unit 50, and the operating unit 60 may be
performed by using a high-speed digital interface such as low voltage differential
signaling (LVDS), asynchronous serial communication using, for example, a universal
asynchronous receiver transmitter (UART), a low-delay network protocol such as error
synchronous serial communication or a controller area network (CAN), optical com-
munication, or any of other various communication methods that are well known to
one of ordinary skill in the art.

Furthermore, the MRI system of FIG. 4 may include a communication unit (not
shown). The communication unit may be connected to at least one of the gantry 20, the
signal transceiver 30, the monitoring unit 40, the system control unit 50, and the
operating unit 60 of FIG. 4.

The communication unit may transmit and receive data to and from a hospital server
or another medical apparatus in a hospital, which is connected through a picture
archiving and communication system (PACS), and perform data communication

according to the digital imaging and communications in medicine (DICOM) standard.
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Since the communication unit corresponds to the communication unit 132 described
with reference to FIG. 3, a detailed description thereof will not be repeated below.

A medical image processing apparatus according to an exemplary embodiment may
be any medical image processing apparatus capable of processing an MR image, a CT
image, an X-ray image, or an ultrasound image respectively obtained by an MRI
apparatus, a CT apparatus, an X-ray apparatus, or an ultrasound diagnosis apparatus to
generate a diagnostic image so that a user may diagnose a patient's disease.

In detail, a medical image processing apparatus according to an exemplary em-
bodiment processes a medical image obtained via a medical image capturing apparatus
for obtaining a medical image, such as the CT system 100 or the MRI system described
with reference to FIGS. 1 through 4, and generates a diagnostic image so that the user
may diagnose a patient's disease. In detail, the medical image processing apparatus
may be included in the CT system 100 or MRI system described with reference to
FIGS. 1 through 4 to process a CT or MR image.

Furthermore, a medical image processing apparatus according to an exemplary em-
bodiment may receive a CT or MR image from the CT system 100 or MRI system that
is externally connected thereto and obtain a diagnostic image by processing the
received CT or MR image.

FIGS. 5A and 5B show CT images for diagnosing a metastatic bone cancer.

As cancers progress in various organs such as breast, prostate, etc., they may spread
to bones. In detail, 30% to 85% of cancers metastasize to bones and cause com-
plications that may lead to pain, paralysis, impairment, etc. For early diagnosis of
metastatic bone cancer, it is necessary to perform a follow-up examination at six-
month intervals or less to check whether the metastatic bone cancer has progressed.

To perform the follow-up examination, the user has to compare a plurality of medical
images acquired at different dates. When the medical images are captured for the same
patient at different dates, the medical images may differ from one another partly due to
posture, position, etc. of the patient being imaged. Accordingly, a doctor may have
difficulty in identifying the progression of the metastatic bone cancer when visually
comparing a first CT image and a second CT image taken 6 months apart.

FIGS. 5A and 5B show CT images representing cross-sections of a chest of the same
patient. In detail, FIG. SA shows a first CT image 510 acquired by performing a CT
scan, and FIG. 5B shows a second CT image 520 acquired by performing a CT scan at
a later date. While date implies a different day, the disclosure does not restrict any em-
bodiment to such an implication. The word date has been chosen for the sake of clarity,
but subsequent images may be from the same day. The term time point may be used as
an alternative to the term date.

Referring to FIGS. 5A and 5B, a metastatic bone cancer 511 can be seen near the
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vertebra 512 in the first CT image 510, and a metastatic bone cancer 521 can be seen
near the vertebra 512 in the second CT image 520. To monitor and diagnose whether
the metastatic bone cancers 511 and 521 have progressed between the first and second
dates, the user, e.g., a medical practitioner, has to visually compare the first CT image
510 with the second CT image 520.

By comparing the first CT image 510 to the second CT image 520, it can be seen that
a size of the metastatic bone cancer 511 in the first CT image 510 is larger than that of
the metastatic bone cancer 521 in the second CT image 520. However, the user may
have difficulty in accurately determining the degree of progression of the metastatic
bone cancers 511 and 521 by comparing the first CT image 510 to the second CT
image 520.

As described above, follow-up monitoring of the metastatic bone cancers 511 and
521 may be required to diagnose the progression of the metastatic bone cancers 511
and 521. In detail, it may be necessary to scan an object at a plurality of dates to
observe how an object or a target in the object has changed over time. For example, if
an abnormal tissue requires follow-up monitoring, the user may have to observe a
change in the abnormal tissue at predetermined time intervals, thereby determining
whether treatment of the tissue is needed or how the abnormal tissue is changing.

In detail, since metastatic bone cancer is accompanied by a change in bone, the pro-
gression of the metastatic bone cancer may be monitored by observing the change.
Thus, it may be determined by observing a change in bone status whether the
metastatic bone cancer has worsened or whether a size of an area affected by the
metastatic bone cancer has changed. For ease of explanation, it is hereinafter assumed
that a target requiring follow-up monitoring is a bone in an object.

A medical image processing apparatus configured to generate a diagnostic image so
that a user may easily identify or recognize the degree of change in a target will now
be described in detail with reference to FIGS. 6 through 18.

FIG. 6 illustrates a medical image processing apparatus 600 according to an
exemplary embodiment. The medical image processing apparatus 600 includes a data
acquisition unit 610 and an image processor 620. The medical image processing
apparatus 600 may be any medical image processing apparatus that is capable of
receiving and processing a medical image.

For example, the medical image processing apparatus 600 may be included in the CT
system 100 described with reference to FIGS. 1 and 2. Accordingly, the medical image
processing apparatus 600 may be similar to the image processing unit 126 described
with reference to FIG. 2. The image processing unit 126, therefore, may also include
the data acquisition unit 610 and the image processor 620.

Furthermore, the medical image processing apparatus 600 may be included in the
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medical apparatus 136 or the portable device 138 and connect to the CT system 100.
The medical image processing apparatus 600 may be any medical imaging apparatus
that is capable of acquiring and processing a CT image. The medical image processing
apparatus 600 may process a CT image, an optical coherence tomography (OCT)
image, or a positron emission tomography (PET) image acquired via a CT apparatus,
an OCT apparatus, or a PET-CT apparatus, respectively, to generate a diagnostic
image. An example where a diagnostic image is generated using a CT image will be
described in detail below.

The medical image processing apparatus 600 may also be included in the MRI
system described with reference to FIG. 4. If the medical image processing apparatus
600 is included in the MRI system, the data acquisition unit 610 and the image
processor 620 may correspond to the image processor 62 described with reference to
FIG. 4.

The data acquisition unit 610 may acquire a plurality of medical images representing
an object including at least one target at different dates. The object may be a patient's
body part or at least one organ. The target may be included in the object and may be at
least one of specific tissue, organ, body part, and region of interest (ROI) that requires
follow-up monitoring. For example, the object may be a patient's abdomen or chest,
and the target may be a bone in the abdomen region or the chest region, respectively.
As another example, the target may be a metastatic bone cancer or malignant tumor.

If there is metastatic bone cancer at a bone in a patient's chest, the user needs to
monitor the metastatic bone cancer over time. Accordingly, the image processor 620
may acquire diagnostic images showing the degree of change in the target bone at
various dates.

For example, the data acquisition unit 610 may perform medical imaging of an object
and then again at a later date. The successive imaging may occur at a specific time
interval for follow-up monitoring. The data acquisition unit 610 may receive image
data to directly generate the first and second medical images, or the data acquisition
unit 610 may receive first and second medical images from another source. Fur-
thermore, the first and second images may be medical images or multi-dimensional
data consisting of image elements (pixel or voxel values) that can be used to generate
the medical images.

The image processor 620 may generate a diagnostic image based on the plurality of
medical images acquired by the data acquisition unit 610, showing the degree of
change that has occurred in the target over time. The degree of change in the target
may be for one or more properties of the target. For example, the change may include
physiological change, position change, size change, and/or shape change.

In detail, when the target is a bone in the patient's body, the diagnostic image may be
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an image showing the degree of change in the bone, which may be classified into one
of a plurality of stages. Furthermore, the diagnostic image may be an image rep-
resenting the degree of progression of a metastatic bone cancer including at least one
of a lytic metastatic cancer and a blastic metastatic cancer.

FIG. 7 illustrates a medical image processing apparatus 700 according to another
exemplary embodiment.

Referring to FIG. 7, the medical image processing apparatus 700 includes a data ac-
quisition unit 710 and an image processor 720. Since the data acquisition unit 710 and
the image processor 720 may correspond to the data acquisition unit 610 and the image
processor 620, respectively, descriptions already provided with reference to FIG. 6 will
be omitted below. The medical image processing apparatus 700 may further include at
least one of a display unit 730, a user interface unit 740, a communication unit 750,
and a storage unit 760. Since the display unit 730, the user interface unit 740, the com-
munication unit 750, and the storage unit 760 have the same configurations and
functions as the display unit 130, the input unit 128, the communication unit 132, and
the storage unit 124, respectively, of the CT system 100, descriptions already provided
with reference to FIG. 2 will be omitted below.

The data acquisition unit 710 acquires a plurality of medical images of an object
including at least one target at a plurality of different dates. It is hereinafter assumed
that the data acquisition unit 710 acquires two medical images representing an object at
two different dates.

The data acquisition unit 710 may obtain a first medical image by performing
medical imaging of an object and a second medical image by performing medical
imaging of the object at a later date. In this case, the first and second medical images
may be the same type of medical images acquired by imaging the same object. For
example, the first and second medical images may be CT images obtained by
performing a CT scan on the same patient. Alternatively, the first and second medical
images may be MR images obtained by performing MRI on the same patient. It is
hereinafter assumed that the first and second medical images are CT images.

The image processor 720 may generate a diagnostic image showing the degree of
change in the target over time, based on the plurality of medical images acquired by
the data acquisition unit 710. For example, the change to the target may include physi-
ological change, position change, size change, and shape change. For convenience of
explanation, the degree to which the target(s) has changed over time is hereinafter
referred to as the degree of change.

The image processor 720 may classify the degree of change in the target(s) into a
plurality of stages and generate a diagnostic image that can distinguish one stage from

another. In this case, the plurality of stages may be classified as no change, formation,
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or destruction.

Metastatic bone cancers are classified into lytic metastatic cancer destroying bones
and blastic metastatic cancer forming bones. As bone metastasis progresses, lytic
metastatic cancer destroys bone. During progression of bone metastasis, blastic
metastatic cancer forms bone. Thus, the image processor 720 can generate a diagnostic
image that can show the effects of each stage to allow classifying the degree of change
caused by metastatic bone cancer into one of the three stages.

Furthermore, the image processor 720 may generate a plurality of registered medical
images by registering a plurality of medical images. Image registration is a process of
adjusting a plurality of images to have the same sizes and views so they can be
compared easily. The image processor 720 may also quantify the degree of change
based on a variation in pixel intensity between the registered medical images and
generate a diagnostic image showing the quantified stages in such a manner that they
are distinguished from one another. Accordingly, variation in pixel intensity between
one registered medical image and a later acquired registered medical image can lead to
classification as, for example, no change stage, bone formation stage, or bone de-
struction stage.

Signal intensity on a CT image varies depending on properties of tissue in a medical
image. In detail, a CT image is expressed in Hounsfield Units (HU) as a measure ra-
diodensity of materials, where the radiodensity measurement can range from -1000 HU
to +3000 HU. For example, air is defined as -1000 HU and water as 0 HU. The HU
values may increase from air to fat to soft muscle tissue to bone. That is, the more
dense material has a higher HU value and appears to be brighter on a CT image. Ac-
cordingly, a bone in a CT image appears brighter than softer tissues.

Thus, the image processor 720 may identify whether a bone has not changed sub-
stantially, has grown, or has been destroyed, based on signal intensity difference
between registered CT images. An operation of generating registered medical images
will be described in detail below with reference to FIGS. 8 through 11.

The display unit 730 may display one or more medical images such as those
generated by the image processor 720. The display unit 730 may also act as a user
interface. The user may perform setting operations and data entry via a user interface
screen displayed by the display unit 730.

The display unit 730 may be any type of device that allows the user to see data. For
example, the display unit 730 may be one of a cathode ray tube (CRT) display, a liquid
crystal display (LCD), a plasma display panel (PDP) display, an organic light-emitting
diode (OLED) display, a field emission display (FED), an LED display, a vacuum flu-
orescent display (VFD), a digital light processing (DLP) display, a flat panel display
(FPD), a 3D display, a transparent display, etc.
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The user interface unit 740 may control the user interface screen displayed on the
display unit 730 and receive a command or data from a user via the user interface
screen. The user interface unit 740 may also include a mouse, a keyboard, or another
input device including hard keys for inputting data. The user may enter data or
command via, for example, the mouse or the keyboard.

The user interface unit 740 may also support a touch pad. In detail, the user interface
unit 740 supports a touch pad (not shown) combined with a display panel (not shown)
in the display unit 730 and outputs a user interface screen to the display panel. A
command may then be input by the user via the user interface screen.

In detail, if the user interface unit 740 supports a touch pad, when the user touches a
point on the user interface screen, the user interface unit 740 detects the touch. The
user interface unit 740 may then transmit information about the touched point to the
image processor 720. The image processor 720 may recognize a user request or
command corresponding to a menu item displayed at the detected point and generates a
tomography image according to the user request or command.

The user interface unit 740 may receive information about color mapping that is used
to represent the degree of change in a target in a diagnostic image.

The communication unit 750 may perform communication with an external device,
an external medical apparatus, etc. For example, the communication unit 750 may be
connected to at least one of external X-ray apparatus, medical apparatus, server, and
portable medical device. In detail, the communication unit 750 may be connected to an
external medical imaging apparatus to receive a medical image. Furthermore, since the
communication unit 750 may correspond to the communication unit 132 described
with reference to FIG. 3, descriptions already provided with reference to FIG. 3 will be
omitted below.

In detail, the communication unit 750 may be connected to the network (301 of FIG.
3) by wire or wirelessly to communicate with external devices such as the server (134
of FIG. 3), the medical apparatus (136 of FIG. 3), or the portable device (138 of FIG.
3). The communication unit 750 may exchange data with a hospital server or other
medical apparatuses in a hospital connected via a picture archiving and communication
system (PACS).

Furthermore, the communication unit 750 may perform data communication with an
external device using the digital imaging and communications in medicine (DICOM)
standard.

The communication unit 750 may transmit and receive data related to a diagnosis to
an object via the network 301. The communication unit 750 may also receive a
plurality of medical images obtained from another medical apparatus (136 of FIG. 3)

such as an MRI apparatus, a CT apparatus, an X-ray apparatus, or the like. The image
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processor 720 may receive the plurality of medical images received via the commu-
nication unit 750 and generate a diagnostic image.

Furthermore, the communication unit 750 may receive a diagnosis history or a
medical treatment schedule about a patient from the server 134 and may use the
diagnosis history or the medical treatment schedule for clinical diagnosis of the patient.
Also, the communication unit 750 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.

The communication unit 750 may receive the medical images from the server 134 or
medical apparatus 136 connected via the network 301 and transmit the received
medical images to the data acquisition unit 710. Furthermore, the communication unit
750 may transmit the diagnostic image generated by the image processor 720 to at least
one of the server 134, the medical apparatus 136, and the portable device 138, so that
the diagnostic image may be displayed at another facility.

The storage unit 760 may store a plurality of medical images. The storage unit 760
may also store various data, programs, etc., necessary for generating a diagnostic
image, as well as a final generated diagnostic image. In detail, the storage unit 760 may
store the medical images, and when generation of a diagnostic image is requested via
the user interface unit 740, automatically output the appropriate medical images to the
data acquisition unit 710 or image processor 720.

The storage unit 760 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.

An operation of the medical image processing apparatus 600 or 700 according to the
one or the other exemplary embodiment will now be described in detail with reference
to FIGS. 8 through 18.

FIG. 8 is a flowchart for explaining an operation of the medical image processing
apparatus 700, according to an exemplary embodiment, and FIG. 9 is a diagram for ex-
plaining medical images that are processed by the medical image processing apparatus
700 according to an exemplary embodiment

An operation of the medical image processing apparatus 700 will now be described
in detail. Operation of the medical image processing apparatus 600 may be similar to
the operation of the medical image processing apparatus 700.

Referring to FIG. 8, the image processor 720 acquires a plurality of medical images

(operation 810), each of which may be a 2D or 3D medical image. The image
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processor 720 extracts at least one target from each of the medical images to obtain a
plurality of target-extracted images corresponding to a plurality of time points
(operation 820), registers the target-extracted images to thereby generate a plurality of
target-registered images (operation 830), and generates a diagnostic image based on
the plurality of target-registered images (operations 8§40 and 850). A target-extracted
image may be an image obtained by extracting at least one target in the object from
each of the plurality of medical images. An image obtained by registering medical
images is referred to as a registered image, and an image obtained by registering
target-extracted images is referred to as a target-registered image. Registering a
plurality of images may be normalizing the images for size, shape, position, etc. so that
they may be compared to each other.

FIG. 9 shows first medical image 910 and second medical image 920 respectively
acquired at first and second time points. The first medical image 910 may include a CT
image 911 representing a horizontal cross-section of a chest and a CT image 912 rep-
resenting the entire chest. Furthermore, the second medical image 920 may similarly
include a CT image 921 representing a horizontal cross-section of the chest and a CT
image 922 representing the entire chest.

In detail, the image processor 720 extracts a target from each of the plurality of
medical images obtained in operation 810. For example, if the target is a bone, a target-
extracted image generated by extracting the target is an image of a bone.

The image processor 720 registers the target-extracted images corresponding to a
plurality of time points and obtains target-registered images (operation 830). Image
registration is the process of matching a plurality of images to one another. In detail,
image registration allows a plurality of images to be normalized so that they are similar
in size and position. This may allow easy comparison between two or more registered
images. For example, image registration may be the process of normalizing the first
medical image 910 and the second medical image 920 so that sizes of objects and
positions of the objects are similar. Normalizing the different images may allow, for
example, superimposing the normalized images. The first medical image 910 and the
second medical image 920 may be normalized to acquire a plurality of registered
images 930. FIG. 9 shows an example where the second medical image 920 is
normalized to the first medical image 910 so that an object in the second medical
image 920 has the same position, size, and view as an object in the first medical image
910.

In detail, the image processor 720 may register the plurality of target-extracted
images by using at least one of rigid registration and non-rigid registration to generate
the plurality of registered images. Rigid registration and non-rigid registration are

explained later with respect to FIG. 12. The image processor 720 may measure
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variations between a plurality of images by using various motion measurement
techniques such as optical flow, feature matching, etc., and generates a plurality of
registered images by using the measured variations. The registration performed by the
image processor 720 will be described in more detail below with reference to FIG. 11.

The image processor 720 may, for example, continuously calculate at least one
variation generated in at least one part included in a plurality of targets based on the
plurality of registered images (operation 840). For convenience of explanation, a case
where the plurality of parts in the plurality of targets is varied is described below. The
image processor 720 may also quantify the calculated variations, and classify the
degree of change into a plurality of stages based on the quantified variations.

Referring to FIG. 9, the image processor 720 compares the first and second registered
images (from the plurality of registered images 930) respectively obtained by reg-
istering a first medical image (e.g., the 2D CT image 911) and a second medical image
(e.g., the 2D CT image 921), and obtains variations between the first and second
registered images. An image 931 obtained by overlaying the first and second registered
images is shown in FIG. 9. The image processor 720 may obtain variations between
objects in the first and second registered images. For example, the variation may be a
value obtained by subtracting a pixel value in the first registered image from a pixel
value in the second registered image.

Furthermore, the image processor 720 may obtain variations between targets in a
plurality of medical images. To obtain the variations between the targets, the image
processor 720 may compare a first target-registered image (not shown), which cor-
responds to the first time point and is obtained by registering a target-extracted image
(not shown) corresponding to the first time point, with a second target-registered image
(not shown), which corresponds to the second time point and is obtained by registering
a target-extracted image (not shown) corresponding to the second time point.

The image processor 720 may, for example, continuously generate a diagnostic
image based on the variations obtained in operation 840 (operation 850). In detail, the
image processor 720 may classify the degree of change into a plurality of stages based
on the obtained variations and generate a diagnostic image showing the plurality of
stages in such a manner as to distinguish them from one another.

In general, when pixels of the later image are compared with pixels of the earlier
image, a variation of approximately O represents no change in the target, a variation
having a negative (-) value represents destruction of the target, and a variation having a
positive (+) value represents formation of the target. Thus, the image processor 720
may quantify the variation as three stages, i.e., '0' (no change), -' (destruction), and '+'
(formation) and generate a diagnostic image 940 by indicating the three stages in such

a manner that they are distinguished from one another. The image processor 720 may
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distinguish the stages by, for example, using colors, different shapes, different marks,
and/or different lines.

The image processor 720 may generate a diagnostic image showing the degree of
change in the target by using colors to differentiate the stages. For example, referring
to FIG. 9, the degree of change in a bone that is a target is classified into three stages,
and the diagnostic image 940 distinctly shows a stage when no change occurs in the
target, a stage when a change occurs in the direction in which the target is formed, and
a stage when a change occurs in the direction in which the target is destroyed by using
green, red, and blue colors, respectively.

Accordingly, the user may be able to determine at a glance whether the target has
changed by destruction or formation. Thus, the user may determine via the diagnostic
image 940 the degree of progression of lytic metastatic cancer capable of destroying
bone and blastic metastatic cancer capable of forming bone. In this case, the diagnostic
image 940 may include overlay images (e.g., the images 931 and 932) obtained by reg-
istering and superimposing a plurality of medical images and may be an image in-
dicating on the overlay images (e.g., the images 931 and 932) the degree of change in
the target that is classified into a plurality of stages.

Referring to FIG. 9, in a diagnostic image 941 representing the entire chest that is the
object, a portion 951 where the target has not changed, a portion 952 where the target
has been formed, and a portion 953 where the target has been destroyed may be re-
spectively indicated by green, red, and blue colors.

A diagnostic image may include a target-extracted image representing at least one
target in an object and may be an image indicating on the target-extracted image the
degree of change that is classified into a plurality of stages. In other words, the di-
agnostic image may be an image that indicates, on a target-extracted image depicting
only a bone in the object, stages of no change in the bone, bone formation, and bone
destruction in such a manner as to distinguish the stages from one another.

A diagnostic image may be an enhanced image obtained by enhancing at least one
target in one of a plurality of medical images and may be an image indicating on the
enhanced image the degree of change that is classified into a plurality of stages. In
detail, the image processor 720 may generate the diagnostic image by indicating on an
enhanced image obtained by enhancing a target in one of the plurality of medical
images so that the target appears clearer, the degree of change in a target that is
classified into a plurality of stages as indicated in the diagnostic image 940.

A diagnostic image may be an image indicating on one of a plurality of medical
images the degree of change in a target that is classified into a plurality of stages. For
example, the diagnostic image may be a blended image obtained by blending at least

one of the plurality of medical images with an image showing the degree of change in
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at least one target. In other words, the diagnostic image may be an image indicating on
the blended image the degree of change in a target, where the change is classified into
a plurality of stages.

FIG. 10 is a flowchart for explaining an operation of the medical image processing
apparatus 700, according to an exemplary embodiment. Since operations 1010, 1020,
1030, 1040, and 1050 in FIG. 10 respectively correspond to operations 8§10, 820, 830,
840, and 850 described with reference to FIG. 8, descriptions already provided with
reference to FIG. § will be omitted below.

Referring to FIG. 10, the image processor 720 obtains a plurality of medical images
(operation 1010). For example, the image processor 720 may obtain first and second
medical images of an object respectively corresponding to first and second time points.
Furthermore, when a medical image is obtained for a current time point, the image
processor 720 may automatically load at least one medical image obtained at a
previous time point to generate a diagnostic image. For example, if generation of a di-
agnostic image is requested via the user interface unit 740, the image processor 720
may automatically load a plurality of medical images obtained at a predetermined time
interval (e.g., six months) from an externally connected server or apparatus. The image
processor 720 may keep track of information about where the medical images are
stored, and, when generation of a diagnostic image is requested, automatically load the
appropriate medical images. The information to locate the stored medical images may
be, for example, a web address. When medical images are stored in a PACS, the image
processor 720 may automatically copy the medical images from the PACS to the
storage unit 760.

The image processor 720 may correct image inhomogeneity among the plurality of
medical images (operation 1015). Registration of the plurality of medical images
without correcting inhomogeneity may cause errors in registration and quantification.
For example, magnetic field inhomogeneity may occur in MR images due to a
difference in time when the MR images are captured. The magnetic field inho-
mogeneity may in turn cause intensity inhomogeneity between a plurality of MR
images captured at different times, in which signal intensities vary across the MR
images. The image processor 720 may correct intensity inhomogeneity in MR images
by using a prospective or retrospective method.

When a plurality of medical images to be registered are CT images, the image
processor 720 may perform iterative reconstruction or filtering in an image domain to
correct inhomogeneity in image quality due to a difference in a reconstruction filter or
scan set up. Furthermore, in order to correct inhomogeneity caused by differences in
inter-slice spacing and position and thickness of a slice, the image processor 720 may

perform again reconstruction similar to a process of generating the slice.
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The image processor 720 may correct image inhomogeneity between the plurality of
medical images in order to perform registration and comparison more accurately. The
image processor 720 may also perform subsequent target extraction and registration on
the plurality of medical images that have undergone image inhomogeneity correction.

At times, a registration error may occur due to an obscure bone boundary caused by a
partial volume effect generated in an image having low resolution. Partial volume
effect refers to blurring of an image introduced when a size of an object to be imaged
is less than a resolution of the image. Thus, when an object or region smaller than a
resolution of an image is imaged, the object or region is not accurately represented, and
thus, it may difficult to analyze a portion corresponding to the imaged object or region.
In order to prevent an error in an image due to this partial volume effect, the image
processor 720 may clarify a bone boundary by performing a partial volume correction
method. The image processor 720 may, therefore, perform a partial volume correction
method on each of the plurality of medical images to be registered.

Furthermore, the image processor 720 may also perform a partial volume correction
method on an image obtained by registering the plurality of medical images and/or on
diagnostic images.

The image processor 720 may extract at least one target from each of the plurality of
medical images that have undergone image inhomogeneity correction to obtain a
plurality of target-extracted images corresponding to a plurality of time points
(operation 1020). The image processor 720 may extract a specific target via a
thresholding method. The thresholding method is an image processing technique for
detecting a specific target. According to the thresholding method, if a signal value
(brightness or intensity value) of a region in an image is greater than or equal to a pre-
determined threshold, the region is detected, and if it is less than the predetermined
threshold, the region is not detected. For example, in a CT image, a bone having a high
HU value may appear bright. Thus, the image processor 720 may segment a bone that
is a target from a medical image by setting a HU value of the bone as a threshold to
detect a region having a HU value greater than or equal to the threshold.

Furthermore, the image processor 720 may segment a bone from a medical image
and perform subsequent morphology on the resulting medical image to smoothly
connect a boundary forming the bone. In detail, the image processor 720 may connect
a disconnected portion of a boundary in an image obtained by segmenting a bone to
form a closed curve so as to smoothly connect the boundary forming the bone, and fill
the inside of the closed curve, thereby allowing accurate representation of the bone in
the object.

Thus, the image processor 720 may extract the bone that is a target from the medical

image and obtain an image of the bone that is a target-extracted image representing the
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target in an object. In this manner, the image processor 720 may obtain a first and a
second target-extracted images respectively corresponding to first and second time
points.

Before registering the target-extracted images, the image processor 720 may perform
pre-processing on the target-extracted images (operation 1031) to increase accuracy of
registration (operation 1032). In detail, the image processor 720 may increase a signal-
to-noise ratio (SNR) in a target-extracted image by using a filter that processes an input
image and attenuates noise. For example, the image processor 720 may perform
Gaussian filtering or median filtering on an input image to process the input image.

Operations 1031, 1032, 1041, 1042, 1045, and 1050 will be discussed with respect to
FIGS. 11 and 12. Pre-processing of a target-extracted image (operation 1031) will now
be described in more detail with reference to FIG. 11.

FIG. 11 is a diagram for explaining an operation of extracting a target via the medical
image processing apparatus 700, according to an exemplary embodiment. FIG. 11
shows an example where a target-extracted image is obtained by extracting a bone
from a first medical image acquired at a first time point. Furthermore, it is assumed
that the first medical image is a CT image showing a cross-section of a chest.

Referring to FIG. 11, the image processor 720 may perform operation 1020 to extract
a target from a first medical image 1120 and obtain a target-extracted image 1130. The
target-extracted image 1130 may be a binary image obtained using the thresholding
method. A signal value in a binary image is O or 1. Thus, in the target-extracted image
1130, a bone may have a value of 1, and the remaining portion other than the bone may
have a value of 0.

The image processor 720 may then perform pre-processing (operation 1031) as
described below. The image processor 720 may apply a distance map to the target-
extracted image 1130 having a form of a binary image and apply a Gaussian filter G to
the target-extracted image 1130 to which the distance map has been applied, thereby
generating a filtered target-extracted image 1140. A distance map refers to an image
processing technique that is characterized by a decrease in signal intensity away from a
center of a bone, which is used as a reference point. Thus, in the filtered target-
extracted image 1140, since intensity decreases as distance from the center of the bone
increases, a boundary is smoothly shown.

The image processor 720 may combine the filtered target-extracted image 1140 and
the first medical image 1120 together to make a signal intensity of a bone 1111 in the
filtered target-extracted image 1140 similar to a signal intensity of a bone 1121 in the
first medical image 1120, as shown in FIG. 11. Accordingly, in a final target-extracted
image 1150, a bone 1151 is extracted from an object, and a signal intensity of the bone

1151 is depicted as being similar to that of the bone 1121 in the first medical image
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1120. As described with reference to FIG. 11, the image processor 720 may extract a
bone that is a target from the first medical image 1120 more accurately by using a
Gaussian filter and a multiplication arithmetic operation 1110. The final target-
extracted image 1150 described with reference to FIG. 11 is hereinafter referred to as a
final target-extracted image.

The image processor 720 may register target-extracted images corresponding to
various time points to obtain a plurality of target-registered images. In detail, the image
processor 720 may generate the target-registered images by registering the final target-
extracted images (e.g., the final target-extracted image 1150) corresponding to a
plurality of time points. Image registration (operation 1032) performed by the image
processor 720 will now be described in more detail with reference to FIG. 12.

FIG. 12 is a diagram for explaining registration that is performed by the medical
image processing apparatus 700 according to an exemplary embodiment.

To determine the degree of change in a target included in an object, the image
processor 720 may generate a plurality of target-registered images by registering a
plurality of target-extracted images in operation 1032. The image processor 720 may
also generate the target-registered images by registering medical images. However,
when medical images are registered, the image processor 720 may determine the
degrees of change in the target as well as in other portions of the object depicted in the
images. FIG. 12 illustrates registration for the first and second medical images 1211
and 1212.

Referring to FIG. 12, the image processor 720 may extract targets from the first and
second medical images 1211 and 1212 to obtain first and second final target-extracted
images 1221 and 1222, respectively. FIG. 12 illustrates an example where a final
target-extracted image is obtained by extracting a target that is a bone from a CT image
showing a chest of a patient that is an object. Furthermore, in the example, the first and
second medical images 1211 and 1212 are 2D CT images depicting a vertical cross-
section of the chest, and the first and second final target-extracted images 1221 and
1222 are 3D CT images showing bones in the chest.

The image processor 720 then performs image registration on the first and second
final target-extracted images 1221 and 1222 to obtain registered images. In this case,
image registration is the process of matching the remaining ones of a plurality of
images to one reference image, or normalizing images to the reference image. For
example, the image processor 720 may normalize the second final target-extracted
image to the first final target-extracted image 1221 to increase similarity between the
first and second final target-extracted images 1221 and 1222.

In detail, the image processor 720 may register the first and second final target-

extracted images 1221 and 1222 by using various image registration methods. For
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image registration, at least one of rigid registration and non-rigid registration may be
used.

Rigid registration is an algorithm for matching motion such as rotation and
translation of an object or target. For example, the image processor 720 may set at least
one landmark in a target bone in each of the first and second final target-extracted
images 1221 and 1222 and transform the first and/or the second final target-extracted
images 1221 and 1222 to decrease a distance between corresponding landmarks in the
first and second final target-extracted images 1221 and 1222. In detail, the image
processor 720 obtains a rotation and translation matrix that minimizes the distance
between corresponding landmarks in the first and second final target-extracted images
1221 and 1222 and registers the first and second final target-extracted images 1221 and
1222 together by using the obtained rotation and translation matrix. As another
example, the image processor 720 may obtain a rotation and translation matrix based
on a pixel intensity similarity between landmarks in the first and second final target-
extracted images 1221 and 1222 and register the first and second final target-extracted
images 1221 and 1222 together by using the obtained rotation and translation matrix.
In this case, the pixel intensity similarity may be a sum of square differences (SSD)
value. As another example, the pixel intensity similarity may be a sum of absolute dif-
ferences (SAD) value, a mean of absolute differences (MAD) value, a signal to noise
ratio (SNR) value, a mean square error (MSE) value, a peak signal to noise ratio
(PSNR) value, or a root mean square error (RMSE) value.

Accordingly, the image processor 720 may warp the second final target-extracted
image 1222 to align with the first final target-extracted image 1221 by using the
rotation and translation matrix. Furthermore, the image processor 720 may warp the
first final target-extracted image 1221 to align with the second final target-extracted
image 1222 by using the rotation and translation matrix. In this case, warping means
adjusting an object in an image to fit a predicted state of the object by expanding, con-
tracting and translating the object, and/or changing a state of the object such as its
shape.

The image processor 720 may also perform symmetric registration to reduce a quan-
tification error caused by blurring that may occur during warping. Symmetric reg-
istration involves warping each of the first and second final target-extracted images
1221 and 1222 and registering warped versions of the first and second final target-
extracted images 1221 and 1222 to each other. In detail, the image processor 720 may
perform symmetric registration to reduce a quantification error caused by blurring that
may occur during warping using at least one of rigid registration and non-rigid reg-
istration.

By performing the above-described rigid registration, the image processor 720 may
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register at least one of overall position, size, and shape of at least one target in the first
and second final target-extracted images 1221 and 1222.

Non-rigid registration is an algorithm for matching states between non-rigid objects.
For example, the image processor 720 may perform non-rigid registration between the
first and second final target-extracted images 1221 and 1222 by using a pixel or voxel
based demons algorithm.

The image processor 720 may compute an optimal motion vector between corre-
sponding pixels in the first and second final target-extracted images 1221 and 1222 on
an image grid representing images. The image processor 720 then sets a plurality of
control points in each of the first and second final target-extracted images 1221 and
1222 and computes an optimal motion vector between corresponding control points. In
this case, the corresponding pixels in the first and second final target-extracted images
1221 and 1222 may be extracted based on intensity similarity.

Referring to FIG. 12, the image processor 720 may perform registration (operation
1032) by acquiring a motion vector field describing a difference between the first and
second final target-extracted images 1221 and 1222 on a 3D image grid 1230 corre-
sponding to the first and second final target-extracted images 1221 and 1222. Based on
the acquired motion vector field, image processor 720 may register the first and second
final target-extracted images 1221 and 1222 together by warping at least one of the
first and second final target-extracted images 1221 and 1222. Since the warping of at
least one of the first and second final target-extracted images 1221 and 1222 is
performed in the same manner as the warping described for the rigid registration, a
detailed description will be omitted.

The image processor 720 may perform image registration by using a kernel-based
method such as B-spline or thin plate splines. According to the kernel-based method,
landmarks are set at uniform or non-uniform intervals, and image registration is
performed by adjusting motion of a landmark based on an intensity similarity between
the set landmarks and adjusting motion of neighboring pixels according to a prede-
termined kernel.

To increase the accuracy level of image registration, the image processor 720 may
roughly register a target/object by initially performing rigid registration and then
register the target/object again by further performing non-rigid registration.

The image processor 720 may obtain first and second target-registered images (not
shown) by registering the first and second final target-extracted images 1221 and 1222
according to the above-described registration methods. Referring to FIG. 12, an image
1240 is obtained by overlaying the first and second target-registered images, and a
variation between the first and second target-registered images may be measured by

comparing the first and second target-registered images with each other (operation



WO 2016/080813 PCT/KR2015/012580

[278]

[279]

[280]

[281]

[282]

36

1041). For example, the image processor 720 may quantify the degree of change in a
target based on a variation in pixel intensity among a plurality of registered images.

In this case, the variation may be measured on a pixel-by-pixel basis. In detail, the
image processor 720 may compare corresponding pixels in the first and second target-
registered images and calculate a variation for each pixel. For example, if corre-
sponding pixels in the first and second target-registered images respectively have first
and second pixel values, a variation may be the second pixel value minus the first pixel
value. Accordingly, in a CT image, if a variation is 0, it means that no change has
occurred in a target bone. If a variation has a positive (+) value, it means that a blastic
metastatic cancer capable of forming a bone is progressing, and if a variation has a
negative (-) value, it means that a lytic metastatic cancer capable of destroying a bone
is progressing. The degree of progression of bone cancer may be determined based on
a value of a variation. For example, a variation may have a large absolute value when a
bone cancer is progressing quickly and have a small absolute value when the bone
cancer is progressing slowly.

The image processor 720 may classify the degree of change into, for example, three
stages based on a variation in pixel intensity. The three stages may be the no change
stage, the target formation stage, and the target destruction stage. Target formation
stage and the target destruction stage may be further subdivided into substages
depending on the variation value.

In a CT image, bone, muscle tissue, and water may have values of about 350 HU,
about 40 HU, and 0 HU, respectively. Furthermore, fat may have a value in a range of
between about -80 HU and about -120 HU, and a tumor may have a value greater than
or equal to 10 HU. Thus, based on a pixel difference (variation) between two images,
the extent to which bone has been formed or destroyed may be determined.

Furthermore, the image processor 720 may perform post-processing (operation 1042)
to increase accuracy in extracting a portion where a change has occurred in a target
based on a value of a variation. Accordingly, after calculating a variation, the image
processor 720 may perform filtering for removing a target determined as a false
positive before generating a diagnostic image. In other words, when a portion of the
target where a change has occurred between first and second target-registered images
(not shown) is acquired, if the portion of the target is not determined to represent a
change in status of metastatic bone cancer, that portion of the target may be removed.

For example, metastatic bone cancer may have an approximately round shape. Thus,
if a portion of a target where a change has occurred between the first and second
target-registered images has a linear or elongated shape instead of a round shape, the
change may not be determined as a change in status of the metastatic bone cancer.

Thus, the image processor 720 may remove the portion of the target having an
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elongated shape via structure filtering such as Gabor filtering.

When accurate registration is not performed during image registration, a bone in a
first target-extracted image may not accurately match its corresponding bone in a
second target-extracted image. In this case, due to a mismatch between the corre-
sponding bones, it may be determined that there is a changed portion of the target
having an elongated shape. Thus, for a given target, when the changed portion of the
target has a predetermined shape (elongated shape, etc.), the image processor 720 may
remove the changed portion of the target. The predetermined shape may be determined
experimentally or clinically.

The image processor 720 may acquire a confidence level for quantified values of
voxels, and reflect the acquired confidence level as a weight in a change in status of
metastatic bone cancer. In this case, the voxels may be in the first and second target-
registered images. The voxels may also be in the first and second target-extracted
images.

A quantified value of a voxel at which a Jacobian determinant that may be computed
as a registration vector based on nearly-incompressibility of a bone has a value not
close to 1 has a low confidence level. If the confidence level is low, a weight that
decreases in proportion to the confidence level may be applied to a change in status of
a metastatic bone cancer.

In detail, water that constitutes 60% or more of components of tissues in a human
body generally does not compress or expand at body temperature. Nearly-in-
compressibility is a property similar to incompressibility. A bone matter has nearly-
incompressibility, and a Jacobian determinant may be calculated based on the nearly-
incompressibility. A confidence level for a quantified value of a voxel may be
computed according to the calculated Jacobian determinant.

Furthermore, to suppress occurrences of false positives in a registered image, low
difference value suppression, cartilage exclusion, scapular suppression, Gaussian
smoothing, etc. may be performed during post-processing of registered images
(operation 1042).

Low difference value suppression may be performed to suppress portions having a
low difference value in registered images. Furthermore, when registration is performed
around a chest, movements of the chest and scapula may be different, and due to such a
difference, a registration error in the scapula may increase. Thus, the image processor
720 may perform scapular suppression to reduce quantification error that occurs in the
scapula.

Additionally, noise such as image spikes may be contained in portions in registered
images that show change in bone matter. In this case, Gaussian smoothing may be

performed to suppress such noise.
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The image processor 720 may generate a diagnostic image that indicates a plurality
of stages quantified according to the variation in such a manner as to distinguish them
from one another. That is, the image processor 720 may distinguish portions where a
target has not changed, has been newly formed, and has been destroyed. Furthermore,
the image processor 720 may subdivide the portion where the target has been formed
into a plurality of stages according to a value of variation and indicate the plurality of
stages. For example, the portion where the target has new formations may be
subdivided into stages when a variation in HU value is in a range that is greater than O
and less than or equal to 50, in a range that is greater than 50 and less than or equal to
100, and in a range that is greater than 100, etc. The image processor 720 may also
subdivide the portion where the target has new destructions into a plurality of stages
according to a value of variation and indicate the plurality of stages. For example, the
portion where the target has been destroyed may be subdivided into stages when a
variation in HU value is greater than -50 and less than or equal to 0, is greater than -
100 and less than or equal to -50, and is less than or equal to -100, etc.

Furthermore, when a representation scale for change can be further subdivided into
smaller parts, the degree of change may be represented as having continuous values
without being divided into a plurality of stages. As the number of stages increases, the
plurality of stages may not be clearly distinguished from one another and appear to
have continuous values. For example, if color is used to represent degree of change, as
more colors are used, the colors may blend into each other.

The image processor 720 may map the plurality of stages to at least one of different
colors, different shapes, and different lines (operation 1045). Furthermore, the user
interface unit 740 may receive input to use one of colors (including grayscale), shapes,
and lines for the mapping. The image processor 720 may then obtain a diagnostic
image based on the mapping (operation 1050).

For example, the plurality of stages may include seven (7) stages: (i) when no change
occurs in a target, (ii) when a variation in HU value is greater than 0 and less than or
equal to 50, ii1) when the variation in HU value is greater than 50 and less than or
equal to 100, iv) when the variation in HU value is greater than 100, v) when the
variation in HU value is greater than -50 and less than or equal to 0, vi) when the
variation in HU value is greater than -100 and less than or equal to -50, and vii) when
the variation in HU value is less than or equal to -100. It is also assumed that a color
scale has seven grades, for example, red, orange, yellow, green, blue, indigo, and
violet.

In this case, the stages (i) through (vii) may be mapped to green, yellow, orange, red,
blue, indigo, and violet colors, respectively. The image processor 720 may also

indicate changed portions in a diagnostic image by using colors mapped thereto in such
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a manner that the plurality of stages are distinguished from one another, thereby
generating diagnostic images 1250 and 1260.

Furthermore, when the plurality of stages are respectively mapped to a plurality of
colors, the user interface unit 740 may receive a user input for selecting colors to
correspond to the plurality of stages.

Referring to FIG. 12, the image processor 720 generates the diagnostic images 1250
and 1260 by using the mapping described above. Since a target is formed near a
vertebra, the diagnostic image 1250 includes a mark 1251 indicating a position where
the target has been newly formed. The diagnostic image 1260 also includes a similar
mark 1261 indicating a position where the target has been newly formed.

In this case, the diagnostic image 1250 (and 1260) may be obtained by classifying a
variation acquired by comparing target-registered images into a plurality of stages and
indicating the plurality of stages on one of a plurality of medical images.

Blending for generating a diagnostic image will now be described in detail with
reference to FIG. 13.

FIG. 13 is a diagram for explaining a blending operation that is performed by the
medical image processing apparatus 700 according to an exemplary embodiment.

Referring to FIG. 13, I, represents a first registered image obtained from a first
medical image at a first time point, and I; represents a second registered image
obtained from a second medical image at a second time point. S, and S; respectively
represent first and second target-extracted images based on the first and second
registered images.

After registration, the image processor 720 may perform filtering on each of the first
and second registered images I, and I;. In detail, the image processor 720 may perform
smooth filtering operations 1310 and 1311 to define surfaces or edges of an object in
the first and second registered images I, and I; respectively. The image processor 720
then obtains a difference image between the first and second registered images I, and I;
. The image processor 720 also generates, based on an image generated by intersection
operation 1325 between the first and second target-extracted images S, and S¢, an
image showing only a difference between targets in the first and second registered
images I, and I; or a changed portion of a target. The image processor 720 then
performs a combination operation 1330 on the image generated by difference operation
1320 and the image generated by intersection operation 1325 to generate an image that
indicates a change in the target.

For example, marks described in the figure 13 means that 'Ib: Baseline CT image', 'If:
Follow-up CT image', 'Sb: Binary mask image obtained by extracting only a bone area
from the baseline CT', and 'Sf: Binary mask image obtained by extracting only a bone

area from the follow-up CT'. And, ‘A" is a differential image after registration. And, 'B’



WO 2016/080813 PCT/KR2015/012580

[303]

[304]

[305]

[306]

[307]

[308]

[309]

[310]

40

is a bone area binary mask after registration. Therefore, combination operation 1330
expressed by 'A.*B' is an image displaying only a bone area from the differential
image after registration.

The image processor 720 may accurately extract a portion of the target that has
changed by performing post-processing (e. g, operation 1042 in FIG. 10) such as
structure filtering on the image generated by combination operation 1330. Then, the
image processor 720 quantifies the degree of change in the target in an image 1340 that
has undergone the structure filtering, performs color mapping on the quantified degree
of change 1350, and generates an image 1370 showing the changed portion of target
via the color mapping. Finally, the image processor 720 may generate a diagnostic
image 1390 by blending the image 1370 with the first registered image I,.

The diagnostic image 1390 will now be described in more detail with reference to
FIG. 14.

FIG. 14 is a diagram for explaining a diagnostic image obtained by the medical
image processing apparatus 700, according to an exemplary embodiment.

FIG. 14 shows first medical image 1410 and second medical image 1420 obtained by
performing CT scans on vertebrae 1411 and 1421 at first and second time points, re-
spectively.

As seen on the first medical image 1410, a metastatic bone cancer 1412 has occurred
in a portion of vertebra 1411. As seen on the second medical image 1420, a metastatic
bone cancer 1422 has occurred in a portion of vertebra 1421. By comparing the first
medical image 1410 and second medical image 1420 with each other, it can be seen
that the metastatic bone cancer 1422 has become worse than the metastatic bone cancer
1412, as indicated by the size of the metastatic bone cancer 1422 compared to the
metastatic bone cancer 1412.

The image processor 720 may quantify a variation between the metastatic bone
cancers 1412 and 1422 to generate a diagnostic image 1430 that indicates the degree of
change in the vertebra 1411 via the mapping described with reference to the operation
1045 in FIG. 10.

If the variation between the metastatic bone cancers 1412 and 1422 in terms of a HU
value of a CT image is in stage (iv) when the variation in HU value is greater than 100,
the image processor 720 may indicate the variation by using a color (e.g., red) mapped
to stage (iv).

Furthermore, the mismatch may occur between a bone 1413 in the first medical
image 1410 and a bone 1423 in the second medical image 1420. Since a mismatched
portion 1433 does not represent a changed portion of the target but exists due to in-
accurate registration, the mismatched portion 1433 may be removed via structure

filtering.
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The image processor 720 may perform mapping on the plurality of stages into which
the degree of change is classified by using a color scale or grayscale, according to
linear transform, Gamma transform, or contrast stretching transformation. The user
interface unit 740 may also receive user input for selecting a transformation technique
to be used for the mapping by the image processor 720.

FIG. 15 is a diagram for explaining a blending operation that is performed by the
medical image processing apparatus 700 according to an exemplary embodiment

Referring to FIG. 15, graphs 1511 and 1521 respectively represent linear transform
and Gamma transform, and graph 1531 represents contrast stretching transformation.
In the graphs 1511, 1521, and 1531, the abscissa (x-axis) denotes an index corre-
sponding to a variation in signal intensity indicating the degree of change in a target,
and the ordinate (y-axis) denotes opacity or an index for each color in a color scale.

The image processor 720 may generate a diagnostic image by blending an original
medical image with an image obtained by mapping a plurality of stages to a color scale
or grayscale, and in particular, with an image showing the degree of change in at least
one target, using linear transformation, Gamma transformation, or contrast stretching
transformation. Accordingly, the image processor 720 may perform blending op-
erations using linear transformation, Gamma transformation, or contrast stretching
transformation to respectively generate diagnostic images 1513, 1523, and 1533.

Referring to the diagnostic image 1523, a red portion 1523R represents bone
formation, a green portion 1523G represents no change in a bone, and a blue portion
1523B represents bone destruction. Furthermore, a yellow portion 1523Y surrounding
the red portion 1523R represents a portion where a smaller amount of bone is formed
than in the red portion 1523R. In other words, bone density in the yellow portion
1523Y is lower than that in the red portion 1523R. [Please use lines to point to the
different colored potions and add labels in the figure (1523R, 1523G, 1523B, 1523Y)
to indicate the colored portions. Otherwise, we have no idea where those areas are
since FIG. 15 is in black and white.] Thus, the user may easily identify the degree of
change in a target and quickly determine the degrees of change in a quantified plurality
of stages via the diagnostic image 1523. The user may quickly determine the degree of
progression of a lytic metastatic cancer and a blastic metastatic cancer via the di-
agnostic image 1523.

FIG. 16 is a flowchart for explaining an operation of the medical image processing
apparatus 700 according to an exemplary embodiment. Since operations 1610, 1615,
1620, 1630, 1640, 1645, and 1660 in FIG. 16 correspond to operations 1010, 1015,
1020, 1030, 1040, 1045, and 1050, respectively, described with reference to FIG. 10,
descriptions already provided with reference to FIG. 10 will be omitted below.

Furthermore, since a rendering operation (operation 1650) corresponds to blending
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operation 1380 described with reference to FIG. 13, descriptions already provided with
reference to FIG. 13 will be omitted below.

Referring to FIG. 16, the image processor 720 acquires a plurality of medical images
(operation 1610).

The image processor 720 then determines whether image inhomogeneity is present in
the acquired medical images (operation 1616). If the image inhomogeneity is present,
the image processor 720 corrects the image inhomogeneity (operation 1617). If the
image inhomogeneity is not present, the image processor 720 performs target ex-
traction (operation 1620).

The image processor 720 extracts at least one target from each of the medical images
to obtain a plurality of target-extracted images corresponding to a plurality of time
points (operation 1620).

The image processor 720 then obtains target-registered images by registering the
target-extracted images (operation 1630). The image processor 720 may perform pre-
processing to increase accuracy in calculating a variation between the target-registered
images (operation 1641). Since operation 1641 corresponds to the pre-processing
(operation 1031), a detailed description thereof will be omitted below. The pre-
processing (operation 1031) is followed by quantification (operation 1642) and post-
processing (operation 1643). Since quantification (operation 1642) and post-processing
(operation 1643) respectively correspond to operations 1041 and 1042 described with
reference to FIG. 10, detailed descriptions will be omitted below.

The image processor 720 then maps the plurality of stages to at least one of different
colors, different shapes, and different lines (operation 1645), renders an image in-
dicating the plurality of stages that have undergone color mapping on at least one of
the plurality of medical images (operation 1650), and generates a diagnostic image
(operation 1660).

FIG. 17 illustrates a user interface screen output from the medical image processing
apparatus 700, according to an exemplary embodiment.

The display unit 730 may display a screen 1700 including diagnostic images 1710
and 1711. The image processor 720 may calculate the degree of change in at least one
target, and the display unit 730 may display the screen 1700 including information
1730 with numeric results. Thus, the display unit 730 may display the screen 1700
including the diagnostic images 1710 and 1711 along with the information 1730. In
detail, when the user selects a predetermined target via the user interface unit 740, the
image processor 720 may calculate the degree of change that has occurred in the
selected predetermined target. Alternatively, when the user places a selection marker
1740 at a predetermined position via the user interface unit 740, numerical values cor-

responding to a variation in a target at the predetermined position where the selection
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marker 1740 is placed may be generated, and the information 1730 is displayed.

Furthermore, the display unit 730 may output the screen 1700 including information
1720 for guiding colors indicating the degree of change.

As described above, it is assumed herein that the plurality of stages may include 7
stages: (1) when no change occurs in a target, (i1) when a variation in HU value is
greater than O and less than or equal to 50, ii1) when the variation in HU value is
greater than 50 and less than or equal to 100, iv) when the variation in HU value is
greater than 100, v) when the variation in HU value is greater than -50 and less than or
equal to 0, vi) when the variation in HU value is greater than -100 and less than or
equal to -50, and vii) when the variation in HU value is less than or equal to -100. It is
also assumed that a color scale uses seven colors such as, for example, red, orange,
yellow, green, blue, indigo, and violet.

In this case, the stages (i) through (vii) may be mapped respectively to green, yellow,
orange, red, blue, indigo, and violet colors. The image processor 720 may indicate
changed portions in a diagnostic image by using colors in such a manner that the
plurality of stages are distinguished from one another, thereby generating the di-
agnostic images 1710 and 1711

FIG. 18 illustrates a user interface screen output from the medical image processing
apparatus 700, according to another exemplary embodiment.

Referring to FIG. 18, the display unit 730 may display a screen 1800 including a first
medical image 1810, a second medical image 1820, and a diagnostic image 1830. The
diagnostic images 1710 and 1711 may correspond to the diagnostic image 1830, and,
hence, generated from the first medical image 1810 and the second medical image
1820.

FIG. 19 is a flowchart of a medical image processing method 1900 according to an
exemplary embodiment. The medical image processing method 1900 according to the
present exemplary embodiment includes operations corresponding to the config-
urations of the medical image processing apparatuses 600 and 700 according to the
exemplary embodiments described with reference to FIGS. 1 through 18. Thus, de-
scriptions already provided with reference to FIGS. 1 through 18 will be omitted
below. The medical image processing method 1900 will now be described with respect
to the medical image processing apparatus 700 of FIG. 7.

Referring to FIG. 19, according to the medical image processing method 1900, a
plurality of medical images representing an object including at least one target are
acquired at a plurality of different time points (operation 1910). Operation 1910 may
be performed by the data acquisition unit 710.

The degree of change in a target that has occurred during the plurality of different

time points is calculated based on the acquired medical images (operation 1920) by the
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image processor 720.

A diagnostic image indicating the degree in change in a target calculated in operation
1920 is generated (operation 1930). In detail, operation 1930 may include classifying
the degree of change that has occurred during the plurality of time points and
generating a diagnostic image indicating the plurality of stages in such a manner as to
distinguish the various stages. The change may include at least one of physiological
change, position change, size change, and shape change that have occurred in a target.

Operation 1930 may also include generating registered medical images by registering
the plurality of medical images, quantifying the degree of change as a plurality of
stages based on a variation in pixel intensity between the registered medical images,
and generating a diagnostic image showing the quantified stages in such a manner that
they are distinguished from one another. The distinguishing may be done with, for
example, colors, shapes, or lines.

As described above, in the medical image processing apparatuses and methods
according to the exemplary embodiments, a diagnostic image indicating the degree of
change in a target may be generated monitoring change in the target(s), thereby fa-
cilitating diagnosis of a patient.

The degree of change in a target may be quantified as a plurality of stages, and a di-
agnostic image indicating the plurality of stages in such a manner as to distinguish
each from others may be generated, thereby allowing the user to diagnose the pro-
gression of disease.

When the target is a bone, the user may identify the degree of progression of bone
cancer via a diagnostic image.

Various embodiments of the disclosure may be written as computer programs and
may be implemented in general-use digital computers that execute the programs using
a non-transitory computer-readable recording medium.

Non-transitory computer-readable recording medium may include, for example,
magnetic storage media (e.g., ROM, floppy disks, hard disks, etc.), optical recording
media (e.g., CD-ROMs, or DVDs), etc.

While various embodiments of the disclosure 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 disclosure as defined by the following claims. Accordingly, the above em-

bodiments and all aspects thereof are examples only and are not limiting.
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Claims

A medical image processing apparatus comprising:

a data acquisition unit configured to acquire a plurality of medical
images representing an object, including at least one target in the
object, corresponding to a plurality of different time points, wherein at
least one of the plurality of medical images correspond to one of the
plurality of different time points; and

an image processor configured to generate, based on the plurality of
medical images, a diagnostic image showing at least one degree of
change in the at least one target over the plurality of different time
points.

The medical image processing apparatus of claim 1, wherein the image
processor is configured to classify each of the at least one degree of
change into one of a plurality of stages and generate the diagnostic
image showing the at least one degree of change, and to distinguish
each of the plurality of stages from others of the plurality of stages.
The medical image processing apparatus of claim 1, wherein the image
processor is configured to register the plurality of medical images to
generate a plurality of registered medical images, and to quantify each
of the at least one degree of change into one of a plurality of stages
based on a variation in pixel intensity between corresponding pixels in
the plurality of registered medical images.

The medical image processing apparatus of claim 1, wherein the image
processor is configured to classify each of the at least one degree of
change into one of a plurality of stages, and to distinguish each of the
plurality of stages in the diagnostic image by use of at least one of
colors, shapes, marks, and lines.

The medical image processing apparatus of claim 4, further comprising
a user interface unit configured to receive input to select the at least one
of the colors, the shapes, the marks, and the lines to distinguish each of
the plurality of stages.

The medical image processing apparatus of claim 1, wherein the at
least one degree of change comprises at least one of a physiological
change, a position change, a size change, and a shape change.

The medical image processing apparatus of claim 1,

wherein the object comprises a part of patient's body, and the at least

one target is at least one bone in the patient's body, and
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wherein the at least one degree of change in the at least one target is
classified intoa plurality of stages representing progression of
metastatic bone cancer comprising at least one of lytic metastatic
cancer and blastic metastatic cancer.

The medical image processing apparatus of claim 1, wherein the di-
agnostic image comprises a target-extracted image representing the at
least one target and showing the at least one degree of change as one of
a plurality of stages, an overlay image obtained by registering and su-
perimposing the plurality of medical images and showing the at least
one degree of change as one of a plurality of stages, or a blended image
obtained by blending at least one of the plurality of medical images
with an image showing the at least one degree of change that has been
classified into one of a plurality of stages.

The medical image processing apparatus of claim 1, wherein the image
processor is configured to obtain a plurality of target-extracted images
respectively corresponding to the plurality of different time points by
extracting the at least one target from each of the plurality of medical
images, to generate a plurality of registered images by registering the
plurality of target-extracted images, and to generate the diagnostic
image based on the plurality of registered images.

The medical image processing apparatus of claim 9,

wherein the image processor is configured to generate the plurality of
registered images by registering the plurality of target-extracted images
using at least one of rigid registration and non-rigid registration, and
wherein registering is symmetric registering.

The medical image processing apparatus of claim 9,

wherein the image processor is configured to map the plurality of
stages to colors and to indicate the at least one degree of change in the
at least one target by using the mapped colors and

wherein the image processor is configured to generate the diagnostic
image by blending at least one of the plurality of medical images with
an image showing the at least one degree of change in the at least one
target using the mapped colors, using at least one of linear trans-
formation, Gamma transformation, or contrast stretching trans-
formation.

The medical image processing apparatus of claim 9, wherein the image
processor is configured to filter the plurality of registered images to

remove a false positive having a predetermined form and to generate
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the diagnostic image based on the filtered plurality of registered
images.

The medical image processing apparatus of claim 1, further comprising
a display unit configured to display at least one of the diagnostic image
, at least one of the plurality of medical images, anda plurality of
registered medical images obtained by registering the plurality of
medical images.

The medical image processing apparatus of claim 1,

wherein the plurality of medical images is a plurality of computed to-
mography (CT) images, and theimage processor is configured to
perform iterative reconstruction or filtering in an image domain to
correct inhomogeneity in image quality of the plurality of CT images,
and

wherein the image processor is configured to perform a partial volume
correction method on at least one of the plurality of medical images and
the diagnostic image.

A medical image processing method comprising:

acquiring a plurality of medical images representing an object,
including at least one target in the object, corresponding to a plurality
of different time points, wherein at least one of the plurality of medical
images correspond to one of the plurality of different time points;
calculating, based on the plurality of medical images, at least one
degree of change that has occurred in the at least one target over the
plurality of different time points; and

generating a diagnostic image showing the at least one degree of

change in the at least one target.



WO 2016/080813 PCT/KR2015/012580
1/14

[Fig. 1]

100




PCT/KR2015/012580

WO 2016/080813

2/14

[Fig. 2]

(VE1) H3AH3S

RS
N
S

<t © e 0]
[ap] o (35
, |
w
Ll
™\ o N_ -] i
1IN u S _%n Do
ONLLLNSNYHL [ oo @ o< e
V1va 7 =g SO
NN IXRITNNREE <
— (SVQ) WALSAS N ! /
zel —{NOIYONTIANOS NOILISINGOY Viva |
| N I I N _
! 3av1 [ inn owinoaiza avex | %*
0EL — LINN AY1dSIO (== 801 _
J/ C _ vt S
\ e > / [ap]
S0l s
821 — LNN INANI =]
\ VO
1INN \
92} — BNISSID0Hd (= Okl A\ ;
JOVAI , L
LINN BNIAKA] -
¥21 —{ LINN JOVHOLS [+ NOILY.OH N5
1IN 2
<C
0HINOD <,
=z Z
/ R |
=
=
o
(@]

8Ll

001

[Fig. 3]




PCT/KR2015/012580

WO 2016/080813

3/14

[Fig. 4]

88 uanzo 1
HOLIMS NOILd303H
ONY NOSSIHGN VAL HATIOHINOO JH
EE_%zéL <
ve e v 95
HINdINY HITIOHINOD Q1314
IN3IQVHD OLLINDYIN LNJIQVHD
ce HIAIFDSNYHL TYNDIS HITIOHLNQOD JIONINOIS
0¢ 28
| H3TI0HLINOD AHLNYD
8g
LINN TOHINOO WILSAS
0s
gy—] HITIOHINOD
AV1dSId ”
o[ TITIOBINS HOSSI00Hd JOVIAI
318v1 _
iy —] LINN DNIHOLINOW 79— 1INN 1NdLNO
103rdo _
er—{HN" _\m‘um_z_mmw_zoz 9—1  LINN INdNI
LINN ONIHOLINOW LINN ONILYHIdO

0¥

09

[Fig. 5a]

510

512

511

Ly

a

A

%9..
w m‘.s h »r




WO 2016/080813 PCT/KR2015/012580

4/14
[Fig. 5b]
600
Vavd
610
DATA ACQUISITION UNIT
620
IMAGE PROCESSOR
[Fig. 7]
700
» 7
710
DATA ACQUISITION
UNIT 730
—1 DISPLAY UNIT
/760 /720
STORAGE UNIT IMAGE PROCESSOR [~
[~ 740
USER
750 — | INTERFACE UNIT
COMMUNICATION

UNIT




WO 2016/080813

[Fig. 8]

ACQUIRE IMAGE

—810

EXTRACT TARGET

—820

ACQUIRE IMAGE

—830

ACQUIRE VARIATION

—840

GENERATE
DIAGNOSTIC IMAGE

—850

5/14

PCT/KR2015/012580



WO 2016/080813 PCT/KR2015/012580
6/14

[Fig. 9]

941

930

931
932

922

920

921

910

912

911




WO 2016/080813

[Fig. 10]
ACQUIRE IMAGE L1010
CORRECT IMAGE |- 1015
EXTRACT TARGET |- 1020
PRE-PROCESSING |- 1031 | 1020
REGISTRATION L 1032
— 1040
QUANTIFY VARIATION |- 1041
POST-PROCESSING |- 1042
MAPPING L 1045
OBTAIN DIAGNOSTIC
IMAGE — 1050

7/14

PCT/KR2015/012580



PCT/KR2015/012580

WO 2016/080813

8/14

[Fig. 11]

051

1SL1

> dew souBsIp x 5

FLLL

7
orLL




PCT/KR2015/012580

WO 2016/080813

9/14

[Fig. 12]

1212

1211

1230

1221

1260

1250

.1|
w
[aV}
—

1261



PCT/KR2015/012580

10/14

WO 2016/080813

[oAaT
80UapIUCY

Bulddep Buusyi4

2In1onis

uoneayuEND

BuLelId
yloows

Bulpuelg

08€1l

BuLall4
Loows

[Fig. 13]

06E1



WO 2016/080813 PCT/KR2015/012580
11/14

[Fig. 14]




WO 2016/080813 PCT/KR2015/012580

12/14
[Fig. 15]
1511
0.8 ‘
0.7
0.6
go.s
204
<03
0.2
0.1
050 760 150 200 250
Index 1521
8 /
07 (Xp, Yp)
0.6
@05
sS4
<03
0.2
0.1
0555 700 150 200 20
Index 1531
0.8 f 1533
0.7
0.6
0.5
@ 0.4 ﬁ>
503
<02
0.1
026" 700 150 200 250
Index
[Fig. 16]
ACQUIRE IMAGE — 1610
1616 1617 1615
IMAGE
YES | CORRECT IMAGE
INHOMOGENEITY? INHOMOGENEITY
NO
1620—  SEGMENTATION
1941 1640 1642
/ y
1 PRE- UANTIFICATION
1650— RENDERING MAPPING PROPCCI)I%—S_ING
! ] T
1660— DIAGNOSTIC IMAGE 1645 1643




WO 2016/080813

[Fig. 17]

13/14

1700

1720

Calor Scale

Green — NO CHANGE

d

Blue — FORMATION

— DESTRUCTION

1730

i T2 |VARIATION

SIZE

XXX | XXX | XXX

Hu

XXX | XXX | XXX

[Fig. 18]

1810
i

2014.11

2014.71

PCT/KR2015/012580



WO 2016/080813

14/14
[Fig. 19]
1900
START

ACQUIRE PLURALITY OF MEDICAL IMAGES |— 1910

{
CALCULATE DEGREE OF CHANGE IN TARGET |- 1920

{
GENERATE DIAGNOSTIC IMAGE — 1930

END

PCT/KR2015/012580



International application No.
INTERNATIONAL SEARCH REPORT pp
PCT/KR2015/012580

A. CLASSIFICATION OF SUBJECT MATTER
A61B 6/00(2006.01)i, AG1B 6/03(2006.01)i, AG1B 5/055(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
A61B 6/00;, A61B 5/05; A61B 6/03; A61B 8/14; GO6K 9/00; GO6T 13/00; A61B 3/14; GO6T 1/00; A61B 5/055

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electromic data base consulted during the international search (name of data base and, where practicable, search terms used)
¢KOMPASS(KIPO internal) & Keywords: medical, image, time, point, different, degree, target, classify

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 2008-0242977 A1 (SAAD AHMED SIRCHEY et al.) 02 October 2008 1-14
See abstract, paragraphs [0008],[0072] and claims 9,16.

Y US 2011-0130661 A1 (KWANG HEE LEE et al.) 02 June 2011 1-14
See abstract, paragraph [0037] and claims 1,6,8.

Y US 2011-0268338 A1 (JEFFREY COLLINS et al.) 03 November 2011 7,8,14
See abstract, paragraphs [0056]-[0060] and figures 1-10.

A JP 2008-217493 A (KUROTAKI JUNJI) 18 September 2008 1-14
See abstract, claims 1-5 and figure 1.

A JP 2013-165874 A (HITACHI LTD.) 29 August 2013 1-14
See abstract, claims 1-14 and figures 1-15.

|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E"  earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priotity claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O"  document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
25 Februaty 2016 (25.02.2016) 29 February 2016 (29.02.2016)
Name and mailing address of the ISA/KR Authorized officer I
International Application Division SN
¢ Korean Intellectual Property Office KIM, Yeon Kyung ) § $§\\“\\g\\‘;§
' 189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea ‘-\§\s\\:§s~\‘\\§‘\\\}%§
= § \\‘fii\\\\\}\‘\\§§
Facsimile No. +82-42-472-7140 Telephone No. +82-42-481-3325 S

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.
PCT/KR2015/012580

Box No.II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.: 15
because they relate to subject matter not required to be searched by this Authority, namely:

Claim 15 pertains to a method for treatment of the human body by diagnostic methods, and thus relates to a
subject matter which this International Searching Authority is not required to search under PCT Article 17(2)(a)(i)
and PCT

Rule 39.1(iv).

2. Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an

extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. |:| As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment
of any additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest [l The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
|:| No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)



INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/KR2015/012580
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2008-0242977 Al 02/10/2008 CN 101283918 A 15/10/2008
DE 102008016287 Al 02/10/2008
JP 2008-289861 A 04/12/2008
US 2011-0130661 Al 02/06/2011 EP 2327363 Al 01/06/2011
JP 2011-115580 A 16/06/2011
KR 10-2011-0059920 A 08/06/2011
US 8696576 B2 15/04/2014
US 2011-0268338 Al 03/11/2011 AU 2006-317424 Al 31/05/2007
AU 2006-317424 B2 23/08/2012
BR P10618949 A2 13/09/2011
CA 2629727 Al 31/05/2007
CN 101360453 A 04/02/2009
EP 1951117 Al 06/08/2008
EP 1951117 A4 15/12/2010
JP 2009-516551 A 23/04/2009
KR 10-2008-0070767 A 30/07/2008
US 2007-133852 Al 14/06/2007
US 8014576 B2 06/09/2011
US 8391574 B2 05/03/2013
WO 2007-059615 Al 31/05/2007
JP 2008-217493 A 18/09/2008 JP 4914249 B2 11/04/2012
JP 2013-165874 A 29/08/2013 None

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - claims
	Page 47 - claims
	Page 48 - claims
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - wo-search-report
	Page 64 - wo-search-report
	Page 65 - wo-search-report

