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Description
Title of Invention: METHOD OF DISPLAYING VIRTUAL
RULER ON SEPARATE IMAGE OR MEDICAL IMAGE OF

OBJECT, MEDICAL IMAGE OBTAINING APPARATUS, AND
METHOD AND APPARATUS FOR DISPLAYING SEPARATE

[1]

(2]

[3]

[4]

[5]

IMAGE OR MEDICAL IMAGE WITH VIRTUAL RULER

Technical Field

Apparatuses and methods consistent with exemplary embodiments relate to

displaying a virtual ruler on a separate image or medical image of an object.

Background Art

A magnetic resonance imaging (MRI) apparatus, a computed tomography (CT)
apparatus, and an X-ray apparatus are used to obtain medical images of a body of a
patient. Due to the resolution of images or the sizes of the above-mentioned ap-
paratuses, an image of the entire body of the patient cannot be imaged at once and may
be obtained as a composite image by imaging each of portions of the body and then
composing captured images.

The medical image obtaining apparatus may provide a function of automatically
composing separate images of a body, but the composition of the separate images may
be performed inaccurately. For better accuracy, a method of indicating a ruler in each
of separate images has been proposed, to allow a user to manually compose separate
images. However, there is a need for a method of efficiently, accurately, and con-
veniently indicating a ruler in each of separate images to allow a user to more ac-

curately and precisely compose the separate images into a single image.
Disclosure of Invention

Solution to Problem

One or more exemplary embodiments provide a method of displaying a virtual ruler
on a separate image or medical image of an object, by displaying the virtual ruler on
each of the plurality of separate images without imaging the object together with a lead
ruler when capturing the plurality of separate images of the object to generate a
composite image of the object.
Advantageous Effects of Invention

According to an aspect of an exemplary embodiment, when capturing the plurality of
separate images of the object to generate a composite image of the object, there is no
need to image the object together with a lead ruler by displaying a virtual ruler on each

of the plurality of separate images.
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Brief Description of Drawings

The above and/or other aspects will become more apparent by describing certain
exemplary embodiments, with reference to the accompanying drawings, in which:

FIG. 1 is a diagram for explaining a method of capturing separate images of an object
to generate a composite image of the object;

FIG. 2 is a block diagram of a medical image obtaining apparatus according to an
exemplary embodiment;

FIG. 3 is a diagram illustrating a plurality of imaging areas of an object;

FIG. 4 is a diagram illustrating a first distance and second distance of the image
obtainer, in the medical image obtaining apparatus according to an exemplary em-
bodiment;

FIG. 5 is a diagram for explaining another method of measuring a first distance and a
second distance of the separate image;

FIG. 6 is a diagram illustrating a display of the medical image obtaining apparatus,
according to an exemplary embodiment;

FIG. 7 is a diagram illustrating a display that displays a composite image obtained by
combining the separate images;

FIG. 8 is a diagram illustrating a display that displays only separate images without
displaying virtual rulers;

FIG. 9 is a diagram illustrating a display that displays a separate image and a virtual
ruler, which are magnified;

FIG. 10 is a diagram illustrating a display that displays a separate image and a virtual
ruler, which are de-magnified;

FIG. 11 is a diagram illustrating a display that displays a separate image and a virtual
ruler, which are greatly magnified compared to a predetermined area;

FIG. 12a is a diagram illustrating a display that displays a separate image which is
moved horizontally;

FIG. 12b is a diagram illustrating a display that displays a separate image which is
moved vertically;

FIG. 13 is a flowchart illustrating a method of displaying a virtual ruler on the
separate images of an object, according to an exemplary embodiment;

FIG. 14 is a flowchart illustrating a method of displaying a virtual ruler on the
separate images of an object, according to an exemplary embodiment;

FIG. 15 is a flowchart illustrating a method of displaying a virtual ruler on the
separate images of an object, according to an exemplary embodiment;

FIG. 16 is a block diagram of a display device according to an exemplary em-

bodiment; and
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FIG. 17 is a flowchart illustrating a method of displaying a virtual ruler on the
separate images of an object, according to an exemplary embodiment.
Best Mode for Carrying out the Invention

According to an aspect of an exemplary embodiment, there is provided a method of
displaying a virtual ruler on each of a plurality of separate images of an object to
generate a composite image, the method including: dividing the object into a plurality
of imaging areas in a predetermined direction and obtaining a plurality of separate
images corresponding to the plurality of imaging areas; obtaining a first distance of a
separate image, which is a distance from a predetermined reference point to a first side
of each of the plurality of separate images, and a second distance of the separate
image, which is a distance from the predetermined reference point to a second side of
each of the plurality of separate images; and displaying a virtual ruler, which indicates
distance values between the obtained first distance of the separate image and the
obtained second distance of the separate image, on each of the plurality of separate
images.

The method of displaying a virtual ruler on each of a plurality of separate images of
an object may be performed by an X-ray apparatus.

The obtaining of the plurality of separate images of the object may include obtaining
the plurality of separate images at locations corresponding to the plurality of imaging
areas by using an image obtainer that obtains X-ray images by using X-rays pen-
etrating the object.

The obtaining of the first distance of the separate image and the second distance of
the separate image may include obtaining, at locations corresponding to the plurality of
imaging areas, a distance from the predetermined reference point to a first side of the
image obtainer as the first distance of the separate image and a distance from the pre-
determined reference point to a second side of the image obtainer as the second
distance of the separate image.

The displaying of the virtual ruler on each of the plurality of separate images may
include: obtaining an actual distance of each pixel of the separate image by using a
difference value between the first distance of the separate image and the second
distance of the separate image and the number of pixels in a predetermined direction of
the separate image; and displaying the virtual ruler on each of the plurality of separate
images by using the first distance and the actual distance of each pixel, or the second
distance and the actual distance of each pixel.

The displaying of the virtual ruler on each of the plurality of separate images may
include: dividing the separate image into a plurality of areas in the predetermined

direction; and displaying the virtual ruler on each of the plurality of separate images by
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using the first distance and a value, which is obtained by dividing a difference value
between the first distance of the separate image and the second distance of the separate
image by the number of the plurality of areas, or the second distance and the value,
which is obtained by dividing a difference value between the first distance of the
separate image and the second distance of the separate image by the number of the
plurality of areas.

The predetermined direction may include a vertical direction of the object, the first
side of each of the obtained plurality of separate images may include an upper side of
each of the obtained plurality of separate images, and the second side of each of the
obtained plurality of separate images may include a lower side of each of the obtained
plurality of separate images.

The method of displaying a virtual ruler on each of a plurality of separate images of
an object may further include displaying the plurality of separate images on each of
which the virtual ruler is displayed; and when at least one separate image of the
displayed plurality of separate images is moved horizontally, not moving at least one
virtual ruler displayed on the at least one separate image or simultaneously moving a
plurality of virtual rulers displayed on the plurality of separate images horizontally
according to the horizontal movement.

The method of displaying a virtual ruler on each of a plurality of separate images of
an object may further include displaying the plurality of separate images on each of
which the virtual ruler is displayed; and when at least one separate image of the
displayed plurality of separate images is moved vertically, moving only at least one
virtual ruler displayed on the at least one separate image vertically according to the
vertical movement.

According to another aspect of an exemplary embodiment, there is provided a
medical image obtaining apparatus for displaying a virtual ruler on each of a plurality
of separate images of an object to generate a composite image, the apparatus including:
an image obtainer for dividing the object into a plurality of imaging areas in a prede-
termined direction and obtaining a plurality of separate images corresponding to the
plurality of imaging areas; a location obtainer for obtaining a first distance of a
separate image, which is a distance from a predetermined reference point to a first side
of each of the plurality of separate images, and a second distance of the separate
image, which is a distance from the predetermined reference point to a second side of
each of the plurality of separate images; and a controller for displaying a virtual ruler,
which indicates distance values between the obtained first distance of the separate
image and the obtained second distance of the separate image, on each of the plurality
of separate images.

The image obtainer may obtain the plurality of separate images at locations corre-
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sponding to the plurality of imaging areas by using X-rays penetrating the object.

The location obtainer may obtain, at locations corresponding to the plurality of
imaging areas, a distance from the predetermined reference point to a first side of the
image obtainer as the first distance of the separate image and a distance from the pre-
determined reference point to a second side of the image obtainer as the second
distance of the separate image.

The controller may obtain an actual distance of each pixel of the separate image by
using a difference value between the first distance of the separate image and the second
distance of the separate image and the number of pixels in a predetermined direction of
the separate image; and may display the virtual ruler on each of the plurality of
separate images by using the first distance and the actual distance of each pixel, or the
second distance and the actual distance of each pixel.

The controller may divide the separate image into a plurality of areas in the prede-
termined direction; and may display the virtual ruler on each of the plurality of
separate images by using the first distance and a value, which is obtained by dividing a
difference value between the first distance of the separate image and the second
distance of the separate image by the number of the plurality of areas, or the second
distance and the value, which is obtained by dividing a difference value between the
first distance of the separate image and the second distance of the separate image by
the number of the plurality of areas.

The predetermined direction may include a vertical direction of the object, the first
side of each of the obtained plurality of separate images may include an upper side of
each of the obtained plurality of separate images, and the second side of each of the
obtained plurality of separate images may include a lower side of each of the obtained
plurality of separate images.

The medical image obtaining apparatus may further include a display for displaying
the plurality of separate images on each of which the virtual ruler is displayed, wherein
when at least one separate image of the displayed plurality of separate images is moved
horizontally, the display may not move at least one virtual ruler displayed on the at
least one separate image or may simultaneously move a plurality of virtual rulers
displayed on the plurality of separate images horizontally according to the horizontal
movement.

The medical image obtaining apparatus may further include a display for displaying
the plurality of separate images on each of which the virtual ruler is displayed, wherein
when at least one separate image of the displayed plurality of separate images is moved
vertically, the display may move only at least one virtual ruler displayed on the at least
one separate image vertically according to the vertical movement.

According to another aspect of an exemplary embodiment, there is provided a
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method of displaying a virtual ruler on each of a plurality of separate images of an
object by using a medical image obtaining apparatus to generate a composite image of
the object, the method including: dividing the object into a plurality of imaging areas
in a predetermined direction by using an image obtainer of the medical image
obtaining apparatus and obtaining a plurality of separate images corresponding to the
plurality of imaging areas; and displaying a virtual ruler on each of the plurality of
separate images based on information about a location of the image obtainer.

The obtaining of the plurality of separate images of the object may include obtaining
the plurality of separate images corresponding to the plurality of imaging areas at
locations corresponding to the plurality of imaging areas by using the image obtainer.

The displaying of the virtual ruler on each of the plurality of separate images may
include: obtaining a first distance of the image obtainer, which is a distance from a pre-
determined reference point to a first side of the image obtainer, and a second distance
of the image obtainer, which is a distance from the predetermined reference point to a
second side of the image obtainer; and displaying a virtual ruler, which indicates
distance values between the obtained first distance of the image obtainer and the
obtained second distance of the image obtainer, on each of the plurality of separate
images.

The displaying of the virtual ruler on each of the plurality of separate images may
include: obtaining a first distance of a separate image, which is a distance from a pre-
determined reference point to a first side of each of the plurality of separate images,
and a second distance of the separate image, which is a distance from the prede-
termined reference point to a second side of each of the plurality of separate images, by
using information about a location of an X-ray emitter for emitting X-rays to the
object, information about a location of the image obtainer, and a distance between the
object and the image obtainer; and displaying a virtual ruler, which indicates distance
values between the obtained first distance of the separate image and the obtained
second distance of the separate image, on each of the plurality of separate images.

The obtaining of the first distance of the separate image and the second distance of
the separate image may include obtaining the first distance of the separate image and
the second distance of the separate image by using a distance x1 between the X-ray
emitter and the image obtainer, a distance x2 between the object and the image
obtainer, the first distance y1 of the image obtainer, second distance y1' of the image
obtainer, and a distance y2 from the predetermined reference point to the X-ray
emitter.

The first distance of the separate image may be obtained by using an Equation y2 -
{(y2-yl)x(x1 -x2)/x1}, and the second distance of the separate image may be
obtained by using an Equation y2 + {(y1' - y2) x (x1 - x2)/x1}.
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The displaying of the virtual ruler on each of the plurality of separate images may
include automatically composing the plurality of separate images in consideration of
distance values of the virtual ruler displayed on each of the plurality of separate
images.

The automatic composing of the plurality of separate images may include
overlapping a first separate image of the plurality of separate images with a second
separate image of the plurality of the separate images at points with the same distance
value from among points corresponding to distance values of a first virtual ruler
displayed on the first separate image and points corresponding to distance values of a
second virtual ruler displayed on the second separate image.

The displaying of the virtual ruler on each of the plurality of separate images may
further include displaying the plurality of separate images, on each of which the virtual
ruler is displayed, on a predetermined area of a display of the medical image obtaining
apparatus.

The displaying of the plurality of separate images may include displaying only the
plurality of separate images without the virtual ruler displayed on each of the plurality
of separate images on the predetermined area, based on an off input of a user.

The displaying of the plurality of separate images may include magnifying the
plurality of separate images and the virtual ruler displayed on each of the plurality of
separate images, based on a zoom-in input of a user.

The magnifying of the plurality of separate images and the virtual ruler may include
moving a position of a first virtual ruler displayed on a first separate image of the
plurality of separate images so that the first virtual ruler is not outside the prede-
termined area when the first separate image and the first virtual ruler displayed on the
first separate image are magnified.

The displaying of the plurality of separate images may include de-magnifying the
plurality of separate images and the virtual ruler displayed on each of the plurality of
separate images, based on a zoom-out input of a user.

The displaying of the plurality of separate images may include: when at least one
separate image of the displayed plurality of separate images is moved horizontally by a
user's input, not moving at least one virtual ruler displayed on the at least one separate
image or simultaneously moving a plurality of virtual rulers displayed on the plurality
of separate images horizontally according to the horizontal movement.

The displaying of the plurality of separate images may include: when at least one
separate image of the displayed plurality of separate images is moved vertically by a
user's input, moving only at least one virtual ruler displayed on the at least one separate
image vertically according to the vertical movement.

According to another aspect of an exemplary embodiment, there is provided a



WO 2014/038786 PCT/KR2013/006548

[58]

[59]

[60]

[61]

[62]

[63]

method of displaying a virtual ruler on a medical image of an object by using a medical
image obtaining apparatus, the method including: obtaining a medical image corre-
sponding to a imaging area of the object by using an image obtainer of the medical
image obtaining apparatus; and displaying a virtual ruler on the medical image based
on information about a location of the image obtainer.

The obtaining of the medical image may include obtaining the medical image corre-
sponding to the imaging area at a location corresponding to the imaging area of the
object by using the image obtainer.

The displaying of the virtual ruler on the medical image may include: obtaining a
first distance of the image obtainer, which is a distance from a predetermined reference
point to a first side of the image obtainer, and a second distance of the image obtainer,
which is a distance from the predetermined reference point to a second side of the
image obtainer; and displaying a virtual ruler, which indicates distance values between
the obtained first distance of the image obtainer and the obtained second distance of
the image obtainer, on the medical image.

The displaying of the virtual ruler on the medical image may include: obtaining a
first distance of a separate image, which is a distance from a predetermined reference
point to a first side of the medical image, and a second distance of the separate image,
which is a distance from the predetermined reference point to a second side of the
medical image, by using information about a location of an X-ray emitter for emitting
X-rays to the object, information about a location of the image obtainer, and a distance
between the object and the image obtainer; and displaying a virtual ruler, which
indicates distance values between the obtained first distance of the separate image and
the obtained second distance of the separate image, on the medical image.

According to another aspect of an exemplary embodiment, there is provided a
method of displaying a plurality of separate images of an object, the method including:
displaying a plurality of separate images, on each of which a virtual ruler is displayed,
on a predetermined area of a display; and displaying only the plurality of separate
images without the virtual ruler displayed on each of the plurality of separate images
on the predetermined area, based on an off input of a user.

The method of displaying a plurality of separate images of an object may further
include magnifying the plurality of separate images and the virtual ruler displayed on
each of the plurality of separate images, based on a zoom-in input of a user.

The magnifying of the plurality of separate images and the virtual ruler may include
moving a position of a first virtual ruler displayed on a first separate image of the
plurality of separate images so that the first virtual ruler is not outside the prede-
termined area when the first separate image and the first virtual ruler displayed on the

first separate image are magnified.
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The method of displaying a plurality of separate images of an object may further
include de-magnifying the plurality of separate images and the virtual ruler displayed
on each of the plurality of separate images, based on a zoom-out input of a user.

The method of displaying a plurality of separate images of an object may further
include: when at least one separate image of the displayed plurality of separate images
is moved horizontally by a user's input, not moving at least one virtual ruler displayed
on the at least one separate image or simultaneously moving a plurality of virtual rulers
displayed on the plurality of separate images horizontally according to the horizontal
movement.

The method of displaying a plurality of separate images of an object may further
include: when at least one separate image of the displayed plurality of separate images
is moved vertically by a user's input, moving only at least one virtual ruler displayed
on the at least one separate image vertically according to the vertical movement.

According to another aspect of an exemplary embodiment, there is provided a
computer-readable recording medium having recorded thereon a program for executing
the method of displaying a virtual ruler on each of a plurality of separate images of an
object or the method of displaying a virtual ruler on a medical image of an object.

According to another aspect of an exemplary embodiment, there is provided a
computer-readable recording medium having recorded thereon a program for executing
the method of displaying a plurality of separate images of an object.

According to another aspect of an exemplary embodiment, there is provided a
medical image obtaining apparatus for displaying a virtual ruler on each of a plurality
of separate images of an object to generate a composite image, the apparatus including:
an image obtainer for dividing the object into a plurality of imaging areas in a prede-
termined direction and obtaining a plurality of separate images for the object; a
location obtainer for obtaining information about a location of the image obtainer; and
a controller for displaying a virtual ruler on each of the plurality of separate images
based on the information about the location of the image obtainer.

According to another aspect of an exemplary embodiment, there is provided a
medical image obtaining apparatus including: an image obtainer for obtaining a
medical image corresponding to an imaging area of an object; a location obtainer for
obtaining information about a location of the image obtainer; and a controller for
displaying a virtual ruler on the medical image based on the information about the
location of the image obtainer.

According to another aspect of an exemplary embodiment, there is provided a
display device including: a display for displaying a plurality of separate images, on
each of which a virtual ruler is displayed, on a predetermined area; and a user input

unit for receiving a predetermined input from a user, wherein the display displays only



10

WO 2014/038786 PCT/KR2013/006548

[72]

[73]

[74]

[75]

[76]

[77]

[78]

the plurality of separate images without the virtual ruler displayed on each of the
plurality of separate images on the predetermined area, based on an off input of a user,
which is received through the user input unit.

Mode for the Invention

This application claims the priority from Korean Patent Application No.
10-2012-0099547, filed on September 7, 2012, and Korean Patent Application No.
10-2013-0026812, filed on March 13, 2013, in the Korean Intellectual Property Office,
the disclosures of which are incorporated herein in their entireties by reference.

Certain exemplary embodiments are described below with reference to the ac-
companying drawings.

In the following description, same drawing reference numerals are used for the same
elements, even in different drawings. The matters defined in the description, such as
detailed construction and elements, are provided to assist in a comprehensive under-
standing of exemplary embodiments. However, exemplary embodiments can be
practiced without those specifically defined matters. Also, well-known functions or
constructions are not described in detail since they would obscure the application with
unnecessary detail.

The term unit in exemplary embodiments means a software component or hardware
components such as a field-programmable gate array (FPGA) or an application-
specific integrated circuit (ASIC), and performs a specific function. However, the unit
is not limited to software or hardware. The unit may be an addressable storage
medium, or may be formed to operate one or more processors. Thus, for example, the
unit may refer to components such as software components, object-oriented software
components, class components, and task components, and may include processes,
functions, attributes, procedures, subroutines, segments of program code, drivers,
firmware, micro codes, circuits, data, a database, data structures, tables, arrays, or
variables. A function provided by the components and units may be associated with the
smaller number of components and units, or may be divided into additional
components and units.

In exemplary embodiments, an object denotes a target object or a part of the target
object for medical image capture, and may include a human, an animal, or a portion of
a human or animal.

FIG. 1 is a diagram for explaining a method of capturing separate images of an object
to generate a composite image of the object. FIG. 1 illustrates a method of generating a
composite image by using an X-ray apparatus.

When an X-ray tube 20 emits X-rays 22 toward an object 10, an image obtainer 30
obtains an image of the object 10 by sensing X-rays penetrating the object 10. The
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image obtainer 30 may include an X-ray detector of the X-ray apparatus.

In order to generate a composite image of the object 10, images of portions of the
object 10 are obtained while rotating or moving the X-ray tube 20 and moving the
image obtainer 30, for example, upward and downward since the size of the image
obtainer 30 is generally smaller than that of the object 10. Then, a composite image of
the object 10 is obtained by composing the images of the portions.

When capturing separate images of the object 10 according to a related art composite
image generating method, a lead ruler 40 is placed beside the object 10 to indicate the
location of each of separate images on each of the separate images, and the object 10
and the lead ruler 40 are imaged together. However, the placement of the lead ruler 40
beside the object results in wasteful expense and inconvenience in terms of utilization
of an X-ray imaging space.

An apparatus and method of displaying a virtual ruler on each of a plurality of
separate images of an object, according to exemplary embodiments, may accurately
display information about the location of each of a plurality of separate images on each
of the plurality of separate images without having to place the lead ruler 40 beside the
object during imaging.

FIG. 2 is a block diagram of a medical image obtaining apparatus 200 according to
an exemplary embodiment.

Referring to FIG. 2, the medical image obtaining apparatus 200 may include an
image obtainer 210, a location obtainer 220, and a controller 230.

The medical image obtaining apparatus 200 may be included in an X-ray apparatus,
and the location obtainer 220 or the controller 230 may be configured by using a mi-
CIOprocessor.

The image obtainer 210 divides the object into a plurality of imaging areas in a pre-
determined direction, and obtains a plurality of separate images of the object corre-
sponding to the respective imaging areas. The image obtainer 210 may divide the
object in the vertical direction 24 of the object, which may coincide with a lengthwise
dimension of the object and/or imaging direction.

FIG. 3 is a diagram illustrating a plurality of imaging areas 132 and 134 of an object.
The image obtainer 210 may move in the vertical direction 24 and may divide the
object 10 into a plurality of imaging areas in the vertical direction 24. In detail, the
image obtainer 210 may divide the object 10 into a plurality of imaging areas 132 and
134 in the vertical direction 24, may move to the plurality of imaging areas 132 and
134, and may obtain separate images corresponding to the plurality of imaging areas of
the object 10 by sensing X-rays 22 penetrating the object 10. The separate images may
partially overlap each other. Although FIG. 3 illustrates only two imaging areas 132

and 134, the object 10 may be divided into three or more imaging areas.
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The location obtainer 220 may obtain a first distance from a predetermined reference
point to a first side of each of the separate images and a second distance from the pre-
determined reference point to a second side of each of the separate images. The prede-
termined reference point may be located in an upper side of the image obtainer 210
when the image obtainer 210 is located at the greatest point with respect to a freedom
of movement in the vertical direction 24.

The first side may include a side surface or a side edge of a separate image, and the
second side may include the other side surface or the other side edge of the same
separate image. The first side and the second side may be disposed opposite to each
other with respect to the separate image.

The controller 230 may display a virtual ruler, which indicates distance values
between the first distance and the second distance, on each of the plurality of separate
images.

For example, when a first distance of a first separate image of the plurality of
separate images is measured to be 10 cm and a second distance of the first separate
image is measured to be 30 cm, a virtual ruler from 10 cm to 30 cm is displayed on the
first separate image. A user may accurately compose the plurality of separate images
by using virtual rulers displayed on the plurality of separate images.

As an example the controller 230 may obtain an actual distance of each pixel of a
separate image by using a difference value between first distance and the second
distance and the number of pixels in a predetermined direction of the separate image.
For example, when the first distance of the first separate image is 10 cm, the second
distance is 30 cm, and the total number of pixels in a predetermined direction is 100,
an actual distance of each pixel is 2 mm ((300 mm-100 mm)/100).

The controller 230 may determine a virtual ruler corresponding to distance values
between the first distance and the second distance on each of the plurality of separate
images by using the first distance and the actual distance of each pixel, or the second
distance and the actual distance of each pixel. For example, when the first distance of
the first separate image is 10 cm, the second distance is 30 cm, and the number of
pixels in a predetermined direction is 100, a distance to a pixel which is located after a
tenth pixel from the first side is 120 mm (100 mm + 10 x 2 mm) with respect to the
predetermined reference point R. The controller 230 may determine a distance value of
each pixel of a separate image, and/or a distance value corresponding to a prede-
termined number of pixels of the separate image. Based on the above-described
example, a length of ten pixels is 20 mm.

As another example, the controller 230 may divide each separate image into a
plurality of areas in a predetermined direction, and may determine distance values cor-

responding to distances between dividing points, at which the plurality of areas are
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divided, by using the first distance and a value which is obtained by dividing a
difference value between the first distance and the second distance by the number of
the plurality of areas, or the second distance and a value which is obtained by dividing
a difference value between the first distance and the second distance by the number of
the plurality of areas.

For example, if a separate image is divided into ten areas, and a difference value
between first distance and the second distance is 20 ¢cm, an actual distance of each area
is 2 cm (20 em/10). Accordingly, a distance to a dividing point at which a fifth area
located at a fifth position from the first side and an sixth area located at a sixth position
from the first side are divided, is 20 cm (10 cm + 5 x 2 cm), with respect to the prede-
termined reference point.

FIG. 4 is a diagram illustrating first distance y1 of the image obtainer 210 and second
distance y1' of the image obtainer 210, in the medical image obtaining apparatus 200
illustrated in FIG. 2.

The location obtainer 220 may obtain information about the location of the image
obtainer 210, and the controller 230 may display a virtual ruler on each of a plurality of
separate images based on the information about the location of the image obtainer 210.
In detail, the location obtainer 220 may obtain the first distance y1 of the image
obtainer 210 and the second distance y1' of the image obtainer 210, and may set the
first distance y1 of the image obtainer 210 and the second distance y1' of the image
obtainer 210 as first distance of a separate image and the second distance of the
separate image, respectively.

Referring to FIG. 4, the first distance y1 is a distance from a predetermined reference
point R to an upper side 212 of the image obtainer 210, and the second distance y1'is a
distance from the predetermined reference point R to a lower side 214 of the image
obtainer 210. For example, the upper side includes an upper side edge or an upper side
surface, and the lower side includes a lower side edge or a lower side surface. The X-
ray apparatus may measure the first distance and the second distance of the image
obtainer 210 to accurately determine which portion of the object is being imaged.
When the image obtainer 210 is located at the greatest height, and the predetermined
reference point R is set to be located in the upper side of the image obtainer 210, a
distance from the predetermined reference point R to the upper side of the image
obtainer 210 is zero.

FIG. 5 is a diagram for explaining another method of measuring first distance of a
separate image and second distance of the separate image.

In order to take an X-ray of an object 10, the object 10 is spaced apart from the
image obtainer 210 by a predetermined distance. Accordingly, as described above, if

the location obtainer 220 sets first distance of the image obtainer 210 and the second
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distance of the image obtainer 210 as first distance of a separate image and the second
distance of the separate image, respectively, an actual length of the object 10 or an
actual length of an organ included in the object 10 may be measured with insufficient
accuracy.

To improve the accuracy, the location obtainer 220 may obtain the first distance of a
separate image and the second distance of the separate image by using information
about the location of an X-ray emitter 20 for emitting X-rays to the object 10, in-
formation about the location of the image obtainer 210, and a distance between the
object 10 and the image obtainer 210.

In detail, when a distance between the X-ray emitter 20 and the image obtainer 210 is
x1, the distance between the object 10 and the image obtainer 210 is x2, first distance
of the image obtainer 210 is y1, second distance of the image obtainer 210 is y1', and a
distance from a predetermined reference point to the X-ray emitter 20 is y2, z1 il-
lustrated in FIG. 5 may be calculated by using Equation 1 and z1' illustrated in FIG. 5
may be calculated by using Equation 2.

z1 =(y2-yl)x (x1 -x2)/x1 (1)

z1'=(yl'-y2) x (x1 - x2) / x1 (2)

A distance from z1 to first side of a separate image, that is, first distance of the
separate image may be calculated by using Equation 3, and a distance from z1' to
second side of a separate image, that is, second distance of the separate image may be
calculated by using Equation 4.

First distance of separate image = y2-{(y2- y1)x(x1-x2)/x1} (3)

Second distance of separate image = y2+{(y1'-y2)x(x1-x2)/x1} (4)

The controller 230 may display a virtual ruler indicating distance values between first
distance of a separate image and second distance of the separate image, which are
calculated by using Equation 3 and Equation 4, on each of a plurality of separate
images. Since the virtual ruler obtained by using Equation 3 and Equation 4 indicates
an actual distance with respect to a predetermined reference point, a user may easily
measure an actual length of an object of each separate image or an actual length of an
organ included in the object.

Although a case where a virtual ruler is displayed on a plurality of separate images of
an object is described above, a virtual ruler may be displayed on a single medical
image of an object. That is, a virtual ruler may be displayed on a medical image, such
as an image of a lung or an image of a breast, rather than on separate images for
generating a composite image of an object.

In detail, the image obtainer 210 obtains a medical image corresponding to an
imaging area of an object. The imaging area of an object may be set by a user, and may

include a head area, a breast area, or an abdomen area.
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The location obtainer 220 obtains information about the location of the image
obtainer 210. The location obtainer 220 may obtain first distance of the image obtainer
210 and second distance of the image obtainer 210.

The controller 230 displays a virtual ruler on a medical image based on the in-
formation about the location of the image obtainer 210. In detail, the controller 230
may display a virtual ruler, which indicates distance values between the first distance
of the image obtainer 210 and the second distance of the image obtainer 210, on a
medical image. In addition, the controller 230 may also display a virtual ruler in-
dicating distance values between first distance of a medical image and second distance
of the medical image, which are obtained by using Equation 3 and Equation 4, on the
medical image.

FIG. 6 is a diagram illustrating a display 240 of the medical image obtaining
apparatus 200, according to an exemplary embodiment. The display 240 may be a
component included in the apparatus 200 illustrated in FIG. 2.

The display 240 of the medical image obtaining apparatus 200 may display a
plurality of separate images 250a, 250b, and 250c, on which virtual rulers 260a, 260b,
and 260c respectively are shown, on a predetermined area 242 of the display 240.

The display 240 illustrated in FIG. 6 displays a first separate image 250a together
with a first virtual ruler 260a, a second separate image 250b together with a second
virtual ruler 260b, and a third separate image 250c together with a third virtual ruler
260c on the predetermined area 242. In addition, the display 240 displays a toolbar 270
for controlling the first separate image 250a, the second separate image 250b, and the
third separate image 250c on an area 243 that is different from the predetermined area
242. The toolbar 270 is an interface provided for users, and a user may input a prede-
termined input to the toolbar 270 by using a user input unit.

The user input unit may include a mouse, a keyboard, a trackball, etc., but is not
limited thereto. If the display 240 is a touch screen, the display 240 may be used as the
user input unit.

FIG. 7 is a diagram illustrating the display 240 that displays a composite image
obtained by combining or composing the first separate image 250a, the second separate
image 250b, and the third separate image 250c.

A user may manually compose the first separate image 250a, the second separate
image 250b, and the third separate image 250c with reference to distance values shown
on the scales of the first through third virtual rulers 260a, 260b, and 260c that are
displayed on the first through third separate images 250a, 250b, and 250c, respectively.

In addition, the medical image obtaining apparatus 200 according to the current
exemplary embodiment may provide an automatic composition function to a user. The

controller 230 may automatically compose the first separate image 250a, the second
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separate image 250b, and the third separate image 250c based on distance values of the
first through third virtual rulers 260a, 260b, and 260c displayed on the first through
third separate images 250a, 250b, and 250c, respectively, when an automatic com-
position input 272 is received from a user.

The controller may compose the first separate image 250a and the second separate
image 250b by overlapping the first separate image 250a and the second separate
image 250b at two points with the same distance value from among points corre-
sponding to distance values of the first virtual ruler 260a displayed on the first separate
image 250a and points corresponding to distance values of the second virtual ruler
260b displayed on the second separate image 250b. For example, when each of scales
of the first and second virtual rulers 260a and 260b displayed on the first and second
separate images 250a and 250b, respectively, includes a point corresponding to a
distance value of 20 cm, the controller 230 may overlap the first separate image 250a
and the second separate image 250b at two points corresponding to the distance value
of 20 cm on the first and second virtual rulers 260a and 260b.

FIG. 8 is a diagram illustrating the display 240 that displays only the first separate
image 250a, the second separate image 250b, and the third separate image 250c
without displaying the first through third virtual rulers 260a, 260b, and 260c.

In the related art, if a lead ruler and an object are imaged together to display an image
of the lead ruler and the object, it is very difficult to delete the lead ruler from separate
images. Thus, it may be difficult for a user to accurately identify the object when the
lead ruler hides the object.

Since the virtual rulers 260a, 260b, and 260c according to an exemplary embodiment
are not imaged together with an object, the virtual rulers 260a, 260b, and 260c may be
easily eliminated from separate images. That is, when an off input 274 is received from
a user, the controller 230 may delete the first through third virtual rulers 260a, 260b,
and 260c displayed on the first through third separate images 250a, 250b, and 250c¢, re-
spectively, and may display only the first through third separate images 250a, 250b,
and 250c on the display 240. When an input which deactivates the off input or an on
input is received from a user, the controller 230 may display the first through third
virtual rulers 260a, 260b, and 260c again on the first through third separate images
250a, 250b, and 250c, respectively.

FIG. 9 is a diagram illustrating the display 240 that displays the first separate image
250a and the first virtual ruler 260a, which are magnified by the controller 230, and
FIG. 10 is a diagram illustrating the display 240 that displays the first separate image
250a and the first virtual ruler 260a, which are de-magnified by the controller 230.

As illustrated in FIG. 9, the controller 230 may magnify the first separate image 250a
and the first virtual ruler 260a displayed on the first separate image 250a by a prede-
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termined magnifying power when a zoom-in input 276 for the first separate image
250a is received from a user.

As illustrated in FIG. 10, the controller 230 may de-magnify the first separate image
250a and the first virtual ruler 260a displayed on the first separate image 250a by a
predetermined magnifying power when a zoom-out input 278 for the first separate
image 250a is received from a user.

FIG. 11 is a diagram illustrating the display 240 that displays the first separate image
250a and the first virtual ruler 260a, which are greatly magnified compared to a prede-
termined area.

In the related art in which a lead ruler and an object are imaged together, when a user
greatly magnifies a separate image compared to a predetermined area of the display
240, a lead ruler displayed on the separate image may be out of the predetermined area
of the display 240 and thus the user cannot check the lead ruler.

Accordingly, when the first separate image 250a and the first virtual ruler 260a are
magnified according to the zoom-in input 276 of a user, the controller 230 may move a
position of the first virtual ruler 260a so that the first virtual ruler 260a is not out of the
predetermined area of the display 240.

In FIG. 11, the first virtual ruler 260a displayed on an outside area 277 of the first
separate image 250a illustrated in FIG. 6 moves to an inside area 279 of the first
separate image 250a with the magnification of the first virtual ruler 260a, and thus is
displayed in a predetermined area 242 of the display 240.

FIG. 12a is a diagram illustrating the display 240 that displays the first separate
image 250a which is moved horizontally, and FIG. 12b is a diagram illustrating the
display 240 that displays the first separate image 250a which is moved vertically.

In order to allow a user to easily compose the first through third separate images
250a, 250b, and 250c, when the user moves the first through third separate images
250a, 250b, and 250c horizontally or vertically, the medical image obtaining apparatus
200 according to an exemplary embodiment may adjust the first through third virtual
rulers 260a, 260b, 260c displayed on the first through third separate images 250a,
250b, and 250c, respectively, according to the horizontal movement or the vertical
movement of the first through third separate images 250a, 250b, and 250c.

Referring to FIG. 12a, when the controller 230 moves the first separate image 250a
horizontally, the controller 230 may make the first virtual ruler 260a maintain the same
axis as the other virtual rulers, i.e., the second and third virtual rulers 260b and 260c,
without moving the first virtual ruler 260a displayed on the first separate image 250a.
If the first virtual ruler 260a moves horizontally according to the horizontal movement
of the first separate image 250a, the first virtual ruler 260a is not located on the same

axis as the other virtual ruler, i.e., the second and third virtual rulers 260b and 260c,



18

WO 2014/038786 PCT/KR2013/006548

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

thereby causing inconvenience to a user when the user reads the scale of the first ruler
260a. Alternatively, the controller 230 may simultaneously move all the virtual rulers
260a, 260b, and 260c displayed on all of the separate images 250a, 250b, and 250c¢
horizontally according to the horizontal movement of the first separate image 250a so
that the virtual rulers 142a, 142b, and 142¢ may maintain the same axis.

Referring to FIG. 12b, when the controller 230 moves the first separate image 250a
vertically, the controller 230 may move the first virtual ruler 260a displayed on the
first separate image 250a vertically according to the vertical movement of the first
separate image 250a because the scale of the first virtual ruler 260a displayed on the
first separate image 250a varies if the first virtual ruler 260a does not move vertically
according to the vertical movement of the first separate image 250a.

FIG. 13 is a flowchart illustrating a method of displaying a virtual ruler on each of a
plurality of separate images of an object, according to an exemplary embodiment.

Referring to FIG. 13, the method of displaying a virtual ruler on each of a plurality of
separate images of an object includes operations that are sequentially processed in the
medical image obtaining apparatus 200 illustrated in FIG. 2. Accordingly, although not
repeated below, the above description of the medical image obtaining apparatus 200
may apply to the method of FIG. 13.

In operation S1310, the medical image obtaining apparatus 200 divides an object into
a plurality of imaging areas in a predetermined direction. The medical image obtaining
apparatus 200 may include an X-ray image obtaining apparatus. The predetermined
direction may include a vertical direction of the object.

In operation S1320, the medical image obtaining apparatus 200 obtains a plurality of
separate images corresponding to the plurality of imaging areas. In detail, the image
obtainer 210 of the medical image obtaining apparatus 200 may obtain a plurality of
separate images corresponding to the plurality of imaging areas at locations corre-
sponding to the plurality of imaging areas.

In operation S1330, the medical image obtaining apparatus 200 obtains a first
distance from a predetermined reference point to a first side of each of the plurality of
separate images and a second distance from the predetermined reference point to a
second side of each of the plurality of separate images.

In operation S1340, the medical image obtaining apparatus 200 displays a virtual
ruler, which indicates distance values between the obtained first distance of the
separate image and the obtained second distance of the separate image, on each of the
plurality of separate images.

FIG. 14 is a flowchart illustrating a method of displaying a virtual ruler on each of a
plurality of separate images of an object, according to an exemplary embodiment.

In operation S1410, the image obtainer 210 of the medical image obtaining apparatus
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200 divides an object into a plurality of imaging areas in a predetermined direction.

In operation S1420, the image obtainer 210 obtains a plurality of separate images
corresponding to the plurality of imaging areas.

In operation S1430, the medical image obtaining apparatus 200 obtains information
about the location of the image obtainer 210.

In operation S1440, the medical image obtaining apparatus 200 displays a virtual
ruler on each of the plurality of separate images based on the information about the
location of the image obtainer 210. In detail, the medical image obtaining apparatus
200 may obtain first distance of the image obtainer 210 and second distance of the
image obtainer 210, and may also display a virtual ruler, which indicates distance
values between the first distance of the image obtainer 210 and the second distance of
the image obtainer 210, on each of the plurality of separate images.

Alternatively, the medical image obtaining apparatus 200 may obtain first distance of
each of the plurality of separate images and second distance of each of the plurality of
separate images based on the information about the location of the image obtainer 210,
and may display a virtual ruler, which indicates distance values between the first
distance of each of the plurality of separate images and the second distance of each of
the plurality of separate images, on each of the plurality of separate images.

FIG. 15 is a flowchart illustrating a method of displaying a virtual ruler on each of a
plurality of separate images of an object, according to an exemplary embodiment.

In operation S1510, the image obtainer 210 of the medical image obtaining apparatus
200 obtains a medical image corresponding to an imaging area of an object. The
imaging area of the object may be set by a user.

In operation S1520, the medical image obtaining apparatus 200 obtains information
about the location of the image obtainer 210.

In operation S1530, the medical image obtaining apparatus 200 displays a virtual
ruler on the medical image based on the information about the location of the image
obtainer 210. In detail, the medical image obtaining apparatus 200 may obtain first
distance of the image obtainer 210 and second distance of the image obtainer 210, and
may display a virtual ruler, which indicates distance values between the first distance
of the image obtainer 210 and the second distance of the image obtainer 210, on the
medical image.

Alternatively, the medical image obtaining apparatus 200 may obtain first distance of
the medical image and second distance of the medical image based on the information
about the location of the image obtainer 210, and may display a virtual ruler, which
indicates distance values between the first distance of the medical image and the
second distance of the medical image, on the medical image.

FIG. 16 is a block diagram of a display device 1600 according to an exemplary em-
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bodiment.

Referring to FIG. 16, the display device 1600 may include a display 1610 and a user
input unit 1620.

The display 1610 may show predetermined information to a user. The display 1610
may include a monitor.

The user input unit 1620 may receive a user's input, and may include a mouse, a
keyboard, or a trackball. If the display 1610 is a touch screen, the display 1610 may be
used as the user input unit 1620.

The user input unit 1620 may receive a predetermined input from a user.

The display 1610 may display a plurality of separate images, on each of which a
virtual ruler is shown, on a predetermined area of the display 1610. In addition, the
display 1610 may display only the plurality of separate images without virtual rulers
shown on the plurality of separate images on the predetermined area, based on an off
input of a user, which is received through the user input unit 1620.

If an input which deactivates the off input or an on input is received from a user, the
display 1610 may display virtual rulers deleted from the plurality of separate images
again.

In addition, if an automatic composition input, a magnification input, a de-
magnification input, a horizontal movement input, or a vertical movement input is
received from a user, the display 1610 may control a plurality of separate images,
which are being displayed, to correspond to a corresponding input. Since a corre-
sponding description is provided above with reference to FIGS. 6 through 12, a
detailed description is not repeated.

Although a case in which the display device 1600 of FIG. 16 displays a plurality of
separate images of an object is described above, the above description of FIGS. 6 and 8
through 11 may apply to a single medical image on which a virtual ruler is displayed.
That is, a medical image, such as an image of a lung or an image of a breast, rather
than separate images for generating a composite image of an object, may also be
displayed by the display device 1600 of FIG. 16.

FIG. 17 is a flowchart illustrating a method of displaying a virtual ruler on each of a
plurality of separate images of an object, according to an exemplary embodiment.

In operation S1710, the display device 1600 displays a plurality of separate images,
on each of which a virtual ruler is shown, on a predetermined area of the display 1610.
In operation S1720, the display 1610 displays only the plurality of separate images
without the virtual ruler shown on each of the plurality of separate images on the pre-

determined area, based on an off input of a user. The display 1610 may display the
virtual ruler deleted from each of the plurality of separate images again according to an

on input or an input which deactivates the off input that is received from a user.
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The exemplary embodiments described above may be written as computer programs
and may be implemented in general-use digital computers that execute programs using
a computer-readable recording medium.

Examples of the computer-readable recording medium include magnetic storage
media (e.g., ROM, floppy disks, hard disks, etc.) and optical recording media (e.g.,
CD-ROMs, and/or DVDs).

The foregoing exemplary embodiments and advantages are merely exemplary and
are not to be construed as limiting. The present teaching can be readily applied to other
types of apparatuses. Also, the description of the exemplary embodiments is intended
to be illustrative, and not to limit the scope of the claims, and many alternatives, modi-

fications, and variations will be apparent to those skilled in the art.
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Claims

A method of displaying a virtual ruler on a plurality of separate images
of an object, the method comprising:

dividing the object into a plurality of imaging areas in a predetermined
direction by using an image obtainer and obtaining the plurality of
separate images corresponding to the plurality of imaging areas; and
displaying the virtual ruler on each of the plurality of separate images
based on information about a location of the image obtainer.

The method of claim 1, wherein the obtaining the plurality of separate
images comprises:

obtaining the plurality of separate images at locations corresponding to
the plurality of imaging areas with the image obtainer.

The method of claim 1, wherein the displaying the virtual ruler
comprises:

obtaining a first distance value for the image obtainer, as a distance
from a reference point to a first side of the image obtainer, and a second
distance value for the image obtainer, as a distance from the reference
point to a second side of the image obtainer; and

displaying the virtual ruler, which indicates distance values between the
first distance value and the second distance value, on each of the
separate images.

The method of claim 1, wherein the displaying the virtual ruler
comprises:

obtaining a first distance value for respective separate images of the
plurality of separate images, as a distance from a reference point to a
first side of the respective separate image, and a second distance for re-
spective separate images, as a distance from the reference point to a
second side of the respective separate image, by using information
about a location of an X-ray emitter, information about a location of the
image obtainer, and a distance between the object and the image
obtainer; and

displaying the virtual ruler, which indicates distance values between the
first distance value and the second distance value, on each respective
separate image.

The method of claim 4, wherein the obtaining the first distance value
and the second distance value comprises:

obtaining the first distance value and the second distance value by
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using a distance x1 between the X-ray emitter and the image obtainer, a
distance x2 between the object and the image obtainer, a first distance
y1 of the image obtainer, a second distance y1' of the image obtainer,
and a distance y2 from the reference point to the X-ray emitter.

The method of claim 5, wherein the first distance value is obtained by
using an Equation y2 - {(y2 - y1) x (x1 - x2) / x1}, and the second
distance value is obtained by using an Equation y2 + {(y1'- y2) x (x1 -
x2)/x1}.

The method of claim 1, wherein the displaying the virtual ruler
comprises:

automatically combining the plurality of separate images based on
distance values indicated on the virtual ruler which is displayed on each
of the plurality of separate images.

The method of claim 7, wherein the plurality of separate images
comprises a first separate image and a second separate image,

the displaying comprises displaying a first virtual ruler on the first
separate image and displaying a second virtual ruler on the second
separate image, and

the automatically combining comprises overlapping the first separate
image with the second separate image between points with the same
distance values indicated on the first virtual ruler and the second virtual
ruler.

The method of claim 1, wherein the displaying the virtual ruler
comprises:

displaying the plurality of separate images, on each of which the virtual
ruler is displayed, on a predetermined area of a display of a medical
image obtaining apparatus.

The method of claim 9, wherein the displaying the plurality of separate
images comprises:

displaying only the plurality of separate images without the virtual ruler
displayed on each of the plurality of separate images on the prede-
termined area, based on an off input of a user.

The method of claim 9, wherein the displaying the plurality of separate
images comprises:

magnifying the plurality of separate images and the virtual ruler
displayed on each of the plurality of separate images based on a zoom-
in input of a user.

The method of claim 11, wherein the plurality of separate images
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comprises a first separate image and a second separate image and the
magnifying comprises:

moving a position of a first virtual ruler displayed on the first separate
image so that the first virtual ruler is not outside the predetermined area
when the first separate image and the first virtual ruler displayed on the
first separate image are magnified.

The method of claim 9, wherein the displaying the plurality of separate
images comprises:

when a respective separate image of the displayed plurality of separate
images is moved horizontally based on a user input, not moving a
virtual ruler displayed on the respective separate image or simul-
taneously moving a plurality of virtual rulers displayed on the plurality
of separate images horizontally based on a horizontal movement.

The method of claim 9, wherein the displaying the plurality of separate
images comprises:

when a respective separate image of the displayed plurality of separate
images is moved vertically based on a user input, moving only a virtual
ruler displayed on the respective separate image vertically based on a
vertical movement.

A non-transitory computer-readable recording medium having recorded
thereon a program which, when executed by a computer, causes the

computer to execute the method of any one of claims 1 through 14.



1713

WO 2014/038786 PCT/KR2013/006548

[Fig. 1]
| 30 10 40
—
/
//
22
20
[Fig. 2]
200
y AV
230
CONTROLLER
210 220
IMAGE LOCATION

OBTAINER OBTAINER




2/13

WO 2014/038786 PCT/KR2013/006548

[Fig. 3]
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[Fig. 5]
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[Fig. 7]
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[Fig. 8]
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[Fig. 9]
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[Fig. 10]
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[Fig. 11]
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[Fig. 12a]
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[Fig. 13]
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