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(54) Ultrasonic diagnostic apparatus and control method thereof

(57) An ultrasonic diagnostic apparatus and a control
method thereof include a probe to emit an ultrasonic sig-
nal to an object and receive the ultrasonic signal reflected
from the object, a first mode image generator to generate
an image of a first mode based on the ultrasonic signal
received by the probe, a second mode image generator
to generate an image of a second mode associated with

the first mode image, a display unit to display the first
mode image and the second mode image on one screen
thereof, and a display controller to, when a part of a por-
tion of the first mode image associated with the second
mode image is not displayed on the display unit, move
the first mode image displayed on the display unit to fully
display the portion associated with the second mode im-
age on the display unit.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to ultrasonic im-
aging, and in particular to an ultrasonic diagnostic appa-
ratus which simultaneously displays two types of data on
one screen, and a control method thereof.

2. Description of the Related Art

[0002] An ultrasonic diagnostic apparatus emits an ul-
trasonic signal to the surface of an object toward a target
region within the body of the object and non-invasively
obtains a tomographic image of soft tissue or an image
of a blood stream using information of a reflected ultra-
sonic signal as an ultrasonic echo signal.
[0003] The ultrasonic diagnostic apparatus is small in
size and low in cost, displays an image in real-time and
provides high safety owing to no exposure of a subject
or patient to an x-ray or other potentially dangerous forms
of radiation, such as positrons, etc., as compared with
other image diagnostic apparatuses such as an x-ray di-
agnostic apparatus, an x-ray computed tomography (CT)
scanner, a magnetic resonance imager (MRI) and a nu-
clear medicine diagnostic apparatus. In this regard, the
ultrasonic diagnostic apparatus is widely used for a heart
diagnosis, an abdominal diagnosis, a urological diagno-
sis and an obstetrical and gynecological diagnosis.
[0004] When a diagnosis is made using the ultrasonic
diagnostic apparatus, two or more types of data may be
simultaneously displayed on one screen such that the
diagnosis is efficiently made. For example, an image of
a B-mode, which is an ultrasonic diagnostic mode, and
an image of an M-mode, which is another ultrasonic di-
agnostic mode, may be simultaneously displayed, and a
diagnosis may be made based on a comparison between
those images. In this case, the B-mode image may be
displayed while being reduced in size, or a part thereof
may not be displayed on  the screen, resulting in inaccu-
racy in the diagnosis.

SUMMARY OF THE INVENTION

[0005] Therefore, it is an aspect of the present inven-
tion to provide an ultrasonic diagnostic apparatus which,
when displaying two or more types of ultrasonic data on
one screen, prevents the data from being reduced in size
or being omitted on the screen, and a control method
thereof.
[0006] It is another aspect of the present invention to
provide an ultrasonic diagnostic apparatus which dis-
plays data omitted on a screen through a simple opera-
tion of the user, thereby reducing the number of operation
steps of the user, and allows the user to perform data
comparison/analysis by intuition, and a control method

thereof.
[0007] Additional aspects of the invention will be set
forth in part in the description which follows and, in part,
will be obvious from the description, or may be learned
by practice of the invention.
[0008] In accordance with one aspect of the present
invention, an ultrasonic diagnostic apparatus includes a
probe to emit an ultrasonic signal to an object and receive
the ultrasonic signal reflected from the object, a first mode
image generator to generate an image of a first mode
based on the ultrasonic signal received by the probe, a
second mode image generator to generate an image of
a second mode associated with the first mode image, a
display unit to display the first mode image and the sec-
ond mode image on one screen thereof, and a display
controller to, when a part of a portion of the first mode
image associated with the second mode image is not
displayed on the display unit, move the first mode image
displayed on the display unit to fully display the portion
associated with the second mode image on the display
unit.
[0009] The first mode and the second mode refer to
the mode/type of imaging performed by the ultrasonic
diagnostic apparatus. In particular, the first mode may
be different from the second mode. The expression "not
displayed on the display unit" is  to be understood in the
same way as "omitted on the display unit" or "hidden on
the display unit" meaning that a part of an ultrasonic im-
age does not appear or initially appear on the display
unit, although the image data may be available and stored
in memory, such as a display buffer for ready access and
display on the display unit.
[0010] The first mode image may be a B-mode image
having at least one M line marked therein, and the second
mode image may be an M-mode image corresponding
to the at least one M line marked in the B-mode image.
[0011] The display controller, when a portion of the M
line is not displayed on the display unit, may move the
B-mode image to display the M line portion on the display
unit.
[0012] The ultrasonic diagnostic apparatus may further
include an input unit to receive a user command for move-
ment of the B-mode image displayed on the display unit,
wherein the display controller may move the B-mode im-
age displayed on the display unit based on a moving
direction and a moving amount corresponding to the user
command received from the input unit.
[0013] The display unit may display a pointing tool, with
the pointing tool being moved in response to the user
command received from the input unit, wherein the dis-
play controller, when a portion of the M line located in a
moving direction of the pointing tool is not displayed on
the display unit, may move the B-mode image displayed
on the display unit to display the M line portion on the
display unit.
[0014] Alternatively, the display unit may display a
pointing tool, with the pointing tool being moved in re-
sponse to the user command received from the input unit,

1 2 



EP 2 662 025 A1

3

5

10

15

20

25

30

35

40

45

50

55

wherein the display controller, when a portion of the M
line corresponding to a portion of the M-mode image in
which the pointing tool moved in response to the user
command is located is not displayed on the display unit,
may move the B-mode image to display the M line portion
on the display unit.
[0015] The ultrasonic diagnostic apparatus may further
include an input unit to receive a setting of the M line
input by a user, wherein the display controller, when an
additional setting of an M line is received from the input
unit and a portion of the additionally set M line is not
displayed on the display unit, may move the B-mode im-
age displayed on the display unit to fully display the ad-
ditionally set M line.
[0016] The display controller may additionally display
an M-mode image corresponding to the additionally set
M line on the display unit when the additional M line set-
ting is completed.
[0017] The display controller may rotate the B-mode
image such that the M line marked in the B-mode image
is parallel with a vertical axis of the M-mode image.
[0018] The display controller may scale the B-mode
image displayed on the display unit such that a depth
ratio of the B-mode image to the M-mode image is 1:1.
[0019] In accordance with another aspect of the
present invention, an ultrasonic diagnostic apparatus in-
cludes a probe to emit an ultrasonic signal to an object
and receive the ultrasonic signal reflected from the ob-
ject, a first mode image generator to generate at least
one two-dimensional ultrasonic image of the object
based on the ultrasonic signal received by the probe, a
second mode image generator to generate a three-di-
mensional ultrasonic image of the object, a display unit
to display the two-dimensional ultrasonic image and the
three-dimensional ultrasonic image on one screen there-
of, a display controller to, when any one of the two-di-
mensional ultrasonic image and the three-dimensional
ultrasonic image is moved, move the other image corre-
sponding to the image movement, and an input unit to
receive a user command for the image movement.
[0020] The display controller may move the two-di-
mensional ultrasonic image displayed on the display unit
based on a moving direction and a moving amount cor-
responding to the user command received from the input
unit and move the three-dimensional ultrasonic image
displayed on the display unit together corresponding to
the movement of the two-dimensional ultrasonic image.
[0021] Alternatively, the display controller may move
the three-dimensional ultrasonic image displayed on the
display unit based on a moving direction and a  moving
amount corresponding to the user command received
from the input unit and move the two-dimensional ultra-
sonic image displayed on the display unit together cor-
responding to the movement of the three-dimensional
ultrasonic image.
[0022] The input unit may include at least one of a
mouse, a trackball, a keyboard, a touch panel and a touch
screen.

[0023] In accordance with another aspect of the
present invention, an ultrasonic diagnostic apparatus in-
cludes a probe to emit an ultrasonic signal to an object
and receive the ultrasonic signal reflected from the ob-
ject, a B-mode image generator to generate a B-mode
image based on the ultrasonic signal received by the
probe, an input unit to receive a setting of an M line in
the B-mode image, an M-mode image generator to gen-
erate an M-mode image corresponding to the set M line,
a display unit to display the B-mode image and the M-
mode image on one screen thereof, and a display con-
troller to, when a portion of the set M line is not displayed
on the display unit during the M line setting, move the B-
mode image to fully display the set M line on the display
unit.
[0024] In accordance with another aspect of the
present invention, a method of controlling an ultrasonic
diagnostic apparatus includes emitting an ultrasonic sig-
nal to an object and receiving the ultrasonic signal re-
flected from the object, generating an image of a first
mode based on the received ultrasonic signal and dis-
playing the generated first mode image, generating an
image of a second mode associated with the first mode
image and displaying the generated second mode image
together with the first mode image, and moving the dis-
played first mode image when a part of a portion of the
first mode image associated with the second mode image
is not displayed, to fully display the portion associated
with the second mode image.
[0025] The first mode image may be a B-mode image
having at least one M line marked therein, and the second
mode image may be an M-mode image corresponding
to the at least one M line.
[0026] The moving of the displayed first mode image
may include moving the B-mode image when a portion
of the M line is not displayed, to display the M line  portion.
[0027] The method may further include receiving a us-
er command for image movement, wherein the moving
of the displayed first mode image may include moving
the displayed B-mode image based on a moving amount
and a moving direction corresponding to the received
user command.
[0028] The method may further include displaying a
pointing tool, with the pointing tool being moved in re-
sponse to the received user command, wherein the mov-
ing of the displayed first mode image may include moving
the B-mode image when a portion of the M line located
in a moving direction of the pointing tool is not displayed,
to display the M line portion.
[0029] Alternatively, the method may further include
displaying a pointing tool, with the pointing tool being
moved in response to the received user command,
wherein the moving of the displayed first mode image
may include moving the B-mode image when a portion
of the M line corresponding to a portion of the M-mode
image in which the pointing tool moved in response to
the user command is located is not displayed, to display
the M line portion.
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[0030] The method may further include receiving an
additional setting of an M line input by a user, wherein
the moving of the displayed first mode image may include
moving the B-mode image when a portion of the addi-
tionally set M line is not displayed, to fully display the
additionally set M line.
[0031] The moving of the displayed first mode image
may include rotating the B-mode image such that the M
line marked in the B-mode image is parallel with a vertical
axis of the M-mode image.
[0032] The method may further include scaling the dis-
played B-mode image such that a depth ratio of the B-
mode image to the M-mode image is 1:1.
[0033] In accordance with another aspect of the
present invention, a method of controlling an ultrasonic
diagnostic apparatus includes emitting an ultrasonic sig-
nal  to an object and receiving the ultrasonic signal re-
flected from the object, generating at least one two-di-
mensional ultrasonic image of the object based on the
received ultrasonic signal, generating a three-dimension-
al ultrasonic image of the object, displaying the two-di-
mensional ultrasonic image and the three-dimensional
ultrasonic image on one screen, and moving, when any
one of the two-dimensional ultrasonic image and the
three-dimensional ultrasonic image is moved, the other
image corresponding to the image movement.
[0034] The method may further include receiving a us-
er command for the image movement, wherein the mov-
ing of the other image may include moving, when the
displayed two-dimensional ultrasonic image is moved
based on a moving direction and a moving amount cor-
responding to the received user command, the displayed
three-dimensional ultrasonic image together corre-
sponding to the movement of the two-dimensional ultra-
sonic image.
[0035] Alternatively, the method may further include
receiving a user command for the image movement,
wherein the moving of the other image may include mov-
ing, when the displayed three-dimensional ultrasonic im-
age is moved based on a moving direction and a moving
amount corresponding to the received user command,
the displayed two-dimensional ultrasonic image together
corresponding to the movement of the three-dimensional
ultrasonic image.
[0036] In accordance with a further aspect of the
present invention, a method of controlling an ultrasonic
diagnostic apparatus includes emitting an ultrasonic sig-
nal to an object and receiving the ultrasonic signal re-
flected from the object, generating a B-mode image
based on the received ultrasonic signal and displaying
the generated B-mode image, receiving a setting of an
M line in the B-mode image, and moving the B-mode
image when a portion of the set M line is not displayed
during the M line setting, to fully display the set M line.
[0037] The method may further include generating an
M-mode image corresponding to the set M line when the
M line setting is completed, and then displaying the gen-
erated M-mode image together with the B-mode image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] These and/or other aspects of the invention will
become apparent and more readily appreciated from the
following description of the embodiments, taken in con-
junction with the accompanying drawings of which:

FIG. 1 is a block diagram showing the configuration
of an ultrasonic diagnostic apparatus according to
an exemplary embodiment of the present invention;

FIG. 2 is a view illustrating a plurality of scan lines
along which ultrasonic signals from a probe in FIG.
1 are transmitted;

FIGS. 3A and 3B are views illustrating methods of
simultaneously displaying a B-mode image and an
M-mode image on a screen by an ultrasonic diag-
nostic apparatus in the prior art;

FIG. 4 is a block diagram of the ultrasonic diagnostic
apparatus in greater detail according to the exem-
plary embodiment of the present invention;

FIG. 5 is a view illustrating images of a first example
displayed on a display unit of the ultrasonic diagnos-
tic apparatus according to the exemplary embodi-
ment of the present invention;

FIGS. 6A and 6B are views illustrating images of a
second example displayed on the display unit of the
ultrasonic diagnostic apparatus according to the ex-
emplary embodiment of the present invention;

FIGS. 7A and 7B are views illustrating images of a
third example displayed on the display unit of the
ultrasonic diagnostic apparatus according to the ex-
emplary embodiment of the present invention;

FIG. 8 is a view illustrating images of a fourth exam-
ple displayed on the display unit of the ultrasonic
diagnostic apparatus according to the exemplary
embodiment of the present invention;

FIG. 9 is a view illustrating images of a fifth example
displayed on the display unit of the ultrasonic diag-
nostic apparatus according to the exemplary embod-
iment of the present invention;

FIG. 10 is a view illustrating images of a sixth exam-
ple displayed on the display unit of the ultrasonic
diagnostic apparatus according to the exemplary
embodiment of the present invention;

FIG. 11 is a view illustrating examples of images dis-
played on a display unit of an ultrasonic diagnostic
apparatus according to an alternative exemplary em-
bodiment of the present invention;
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FIG. 12 is a flowchart illustrating a method of con-
trolling the ultrasonic diagnostic apparatus accord-
ing to the exemplary embodiment of the present in-
vention;

FIG. 13 is a flowchart illustrating an example of au-
tomatic image movement;

FIG. 14 is a flowchart illustrating an example of
movement of a B-mode image based on the position
of a pointing tool;

FIG. 15 is a flowchart illustrating an example of
movement of the B-mode image based on an addi-
tional setting of an M line; and

FIG. 16 is a flowchart illustrating an example of ro-
tation and scaling of the B-mode image.

DETAILED DESCRIPTION OF THE INVENTION

[0039] Reference will now be made in detail to exem-
plary embodiments of the present invention, examples
of which are illustrated in the accompanying drawings,
wherein like reference numerals refer to like elements
throughout. Exemplary embodiments of the present in-
vention will be described with reference to the accompa-
nying drawings. In the following description, a detailed
explanation of known related functions and constructions
may be omitted to avoid unnecessarily  obscuring the
subject matter of the present invention. The present in-
vention may, however, be embodied in many different
forms and should not be construed as limited to the ex-
emplary embodiments set forth herein. In addition, terms
described herein, which are defined with reference to the
functions of the present invention, may be implemented
differently depending on a user or operator’s intention
and practice. Therefore, the terms should be understood
on the basis of the disclosure throughout the specifica-
tion. The principles and features of this invention may be
employed in varied and numerous embodiments without
departing from the scope of the invention.
[0040] Furthermore, although the drawings represent
exemplary embodiments of the invention, the drawings
are not necessarily to scale and certain features may be
exaggerated or omitted in order to more clearly illustrate
and explain the present invention.
[0041] Among the terms set forth herein, a screen re-
fers to a display or other output devices which visually
display information to the user, and which optionally are
capable of receiving and electronically processing tactile
inputs from a user using a stylo, a finger of the user, or
other techniques for conveying a user selection from the
user to the output devices.
[0042] FIG. 1 is a block diagram showing the configu-
ration of an ultrasonic diagnostic apparatus according to
an exemplary embodiment of the present invention.
[0043] Referring to FIG. 1, the ultrasonic diagnostic ap-

paratus 100 according to the exemplary embodiment of
the present invention includes a probe 110, a beam
former 120, an image signal processor 130, a memory
140, a first mode image generator 150, a second mode
image generator 170, a display unit 190, an input unit
160, and a display controller 180.
[0044] The probe 110 includes a plurality of transducer
elements to convert ultrasonic signals and electrical sig-
nals into each other. Each of the transducer elements
transmits an ultrasonic signal to an object and receives
the ultrasonic  signal as an ultrasonic echo signal reflect-
ed from the object to generate a receive signal. Here, the
receive signal is an analog signal.
[0045] In particular, the probe 110 transmits an ultra-
sonic beam focused by appropriately delaying input times
of pulses to the respective transducer elements to the
object along transmission scan lines. On the other hand,
ultrasonic echo signals reflected from the object are input
at different input times to the respective transducer ele-
ments, which then output the received ultrasonic echo
signals.
[0046] When the probe 110 transmits ultrasonic sig-
nals, the beam former 120 adjusts driving timings of the
respective transducer elements of the probe 110 to focus
the ultrasonic signals at a specific point. Also, upon re-
ceiving the receive signals of an analog form from the
probe 110, the beam former 120 converts the receive
signals into digital signals. Then, the beam former 120
focuses the digital signals in consideration of the posi-
tions of the transducer elements and the focusing point
to generate a receive focus signal.
[0047] The image signal processor 130 performs an
envelope detection process of detecting the magnitude
of an ultrasonic signal, based on an ultrasonic signal fo-
cused by the beam former 120, to generate ultrasonic
image data.
[0048] FIG. 2 illustrates a plurality of scan lines 320
along which ultrasonic signals from the probe 110 are
transmitted. Referring to FIG. 2, a plurality of points 330
are present on each of the scan lines 320. The image
signal processor 130 generates ultrasonic image data
based on information about the positions of the points
330 on each scan line 320 and data obtained from each
of the points 330. The ultrasonic image data includes
information about coordinates of each point 330 on, for
example, an x-y coordinate system 310, information
about the angle of each scan line 320 relative to a vertical
scan line 321, the data obtained from each point 330,
etc. The generated ultrasonic image data is stored in the
memory 140.
[0049] Referring again to FIG. 1, in addition to gener-
ating the ultrasonic image data, the image signal proc-
essor 130 performs a logarithmic amplitude process to
increase a relative brightness difference corresponding
to a dark portion of an  ultrasonic image, and reduce a
relative brightness difference corresponding to a bright
portion of the ultrasonic image.
[0050] In particular, when a brightness mode (B-mode)
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image is generated based on an ultrasonic signal focused
by the beam former 120, the generated B-mode image
may be poor in quality due to an excessive brightness
difference between a bright portion and a dark portion
thereof. In this case, only the bright portion may be dis-
tinctly displayed or only the dark portion may be distinctly
displayed.
[0051] In this regard, the image signal processor 130
performs the logarithmic amplitude process to increase
the relative brightness difference of the dark portion and
reduce the relative brightness difference of the bright por-
tion, so as to generate a fine B-mode image.
[0052] The ultrasonic diagnostic apparatus 100 ac-
cording to the exemplary embodiment of the present in-
vention may display two or more types of data on one
screen. Here, the two or more types of data may be image
data acquired respectively in different diagnostic modes
of the ultrasonic diagnostic apparatus 100, which may
be of various known types including a motion mode (M-
mode), a B-mode, a Doppler mode, and a color flow map-
ping mode. Also, the diagnostic modes of the ultrasonic
diagnostic apparatus 100 may include a two-dimensional
mode and a three-dimensional mode.
[0053] The B-mode is used to display a cross-sectional
image of the inside of an object. In the B-mode, a portion
of the image having a strong reflected echo and a portion
of the image having a weak reflected echo are represent-
ed by a brightness difference. The image of the B-mode
is configured based on information obtained from several
tens to hundreds of scan lines.
[0054] The M-mode is used to display an image indic-
ative of how biometrics information (for example, lumi-
nance information) about a specific portion (a motion line;
that is, an M line) of the cross-sectional image (B-mode
image) of the object varies with time. In general, the im-
age of the B-mode and the image of the M-mode are
simultaneously displayed on one screen so that an ex-
aminer may make an  accurate diagnosis through com-
parison/analysis of the two types of data.
[0055] The Doppler mode uses a Doppler effect which
is a change in frequency of sound emitted from a moving
object. In particular, a color Doppler mode provides a
power image indicative of a two-dimensional distribution
of the power of a Doppler signal, and a velocity image
indicative of a two-dimensional distribution of the velocity
of the Doppler signal. The images of the color Doppler
mode may not only visualize a blood stream in real-time,
but also express the states of a wide range of blood
streams, from a blood stream of a high velocity in a large
blood vessel to a blood stream of a low velocity in a small
blood vessel. The M-mode image may also be generated
with respect to the Doppler mode images.
[0056] The first mode image generator 150 generates
an ultrasonic image in a first mode which is one of the
above diagnostic modes, and the second mode image
generator 170 generates an ultrasonic image in a second
mode which is another one of the above diagnostic
modes.

[0057] In the case where the first mode is the B-mode
and the second mode is the M-mode, the display unit 190
simultaneously displays a B-mode image and an M-mode
image corresponding to an M line set in the B-mode im-
age. The first mode and the second mode may be inter-
changeable.
[0058] In the case where the first mode is the color
Doppler mode and the second mode is the M-mode, the
display unit 190 simultaneously displays a color Doppler
mode image and a color M-mode image set in the color
Doppler mode image. The first mode and the second
mode may be interchangeable.
[0059] In the case where the first mode is the two-di-
mensional mode and the second mode is the three-di-
mensional mode, the display unit 190 simultaneously dis-
plays a two-dimensional ultrasonic image and a three-
dimensional ultrasonic image. The first mode and the
second mode may be interchangeable.
[0060] The ultrasonic diagnostic apparatus 100 ac-
cording to the exemplary embodiment of the present in-
vention may be particularly usefully applied in  simulta-
neously displaying a B-mode image and an M-mode im-
age. Hereinafter, the operation of an ultrasonic diagnostic
apparatus 100 according to the exemplary embodiment
of the present invention will be described in detail using
the example, for illustrative purposes only, in which the
first mode is the B-mode and the second mode is the M-
mode.
[0061] FIGS. 3A and 3B illustrate methods of simulta-
neously displaying a B-mode image and an M-mode im-
age on a screen of a display unit by an ultrasonic diag-
nostic apparatus in the prior art.
[0062] FIG. 3A illustrates one method of simultaneous-
ly displaying a B-mode image and an M-mode image.
Referring to FIG. 3A, the ultrasonic diagnostic apparatus
in the prior art displays a B-mode image 11 and an M-
mode image 14 on one screen with the images arranged
vertically. Here, the M-mode image 14 represents bio-
metrics information about a specific M line 13 of the B-
mode image 11.
[0063] In this case, the B-mode image 11 is excessive-
ly scaled down, that is, reduced as shown in FIG. 3A in
order to fit on one screen with the larger M-mode image
14, and therefore it may not be easy for the examiner to
campare/analyze the B-mode image 11 and the M-mode
image 14.
[0064] FIG. 3B illustrates another method of simulta-
neously displaying a B-mode image and an M-mode im-
age. Referring to FIG. 3B, the ultrasonic diagnostic ap-
paratus in the prior art displays a B-mode image 11 and
an M-mode image 14 on one screen with the images 11,
14 arranged horizontally.
[0065] In this case, as shown in FIG. 3B, the B-mode
image 11 is not scaled down, but at least one part thereof
is omitted on the screen, such as the lower left and lower
right corners of the image 11, which are visible in FIG.
3A. Therefore, the omitted at least one part of the image
11 may fail to be used for a diagnosis, which may impair
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or reduce the quality of the diagnosis. As a result, it may
be difficult for the examiner to accurately compare/ana-
lyze the B-mode image 11 and the M-mode image 14.
[0066] Therefore, the ultrasonic diagnostic apparatus
100 according to the exemplary embodiment of the
present invention moves a B-mode image displayed on
a screen to show a part of the B-mode image omitted on
the screen, so as to simultaneously display the B-mode
image and an M-mode image without scaling-down and
without partial omission of the B-mode image.
[0067] As used herein, in the exemplary embodiment
to be described below, an expression "omitted on the
screen", an expression "not displayed or shown on the
screen", and an expression "hidden on the screen" will
all be used to indicate that a part of an ultrasonic image
does not appear or initially appear on the screen, al-
though the image data may be available and stored in
memory, such as a display buffer for ready access and
display on the screen.
[0068] FIG. 4 is a block diagram of the ultrasonic diag-
nostic apparatus 100 in greater detail according to the
exemplary embodiment of the present invention.
[0069] Referring to FIG. 4, the ultrasonic diagnostic ap-
paratus 100 according to the exemplary embodiment of
the present invention includes the probe 110, the beam
former 120, the image signal processor 130, the memory
140, the B-mode image generator 150, the M-mode im-
age generator 170, the display unit 190, the input unit
160, and the display controller 180.
[0070] The probe 110, the beam former 120, the image
signal processor 130, and the memory 140 are the same
as those components described previously with refer-
ence to FIG. 1, and a description thereof will thus be
omitted.
[0071] The B-mode image generator 150 generates a
cross-sectional image of an object using ultrasonic image
data stored in the memory 140. To this end, the B-mode
image generator 150 includes a scan converter 151 and
a two-dimensional (2D) frame memory 152.
[0072] The scan converter 151 reads the ultrasonic im-
age data stored in the memory 140, converts the format
of the read data into a B-mode image format and stores
the resulting data in the 2D frame memory 152.
[0073] The display unit 190 displays the B-mode image
stored in the 2D frame memory 152. At this time, the
display unit 190 may display an M line, which forms the
basis of an M-mode image, together on the B-mode im-
age. The display unit 190 includes a screen, which may
be implemented with a liquid crystal display (LCD), a light
emitting diode (LED), a touch screen, or the like.
[0074] The input unit 160 may receive a command for
movement of the B-mode image or a setting of the M line,
input from the user. The input unit 160 may be imple-
mented with a keyboard, a trackball, a mouse, a touch
panel, or the like provided in the ultrasonic diagnostic
apparatus 100. In an exemplary embodiment in which
the display unit 190 is implemented with a touch screen,
the touch screen may perform both the functions of the

display unit 190 and input unit 160.
[0075] The setting of the M line may be made by an
input from the user or directly by the M-mode image gen-
erator 170. If the M line is set, the M-mode image gen-
erator 170 generates an M-mode image of the set M line
based on the ultrasonic image data stored in the memory
140.
[0076] The M-mode image generator 170 includes an
M-mode processor 171 and an M-mode frame memory
172. The M-mode processor 171 analyzes the position,
angle, etc. of the set M line, generates M-mode image
data based on results of the analysis and stores the gen-
erated M-mode image data in the M-mode frame memory
172. The M-mode frame memory 172 and the 2D frame
memory 152 may be implemented by a single memory.
[0077] An example of generating the M-mode image
data will hereinafter be described in detail. First, the range
of the set M line is analyzed and a predetermined number
of points on the M line are sampled. Virtual lines which
proceed toward the probe 110 via the respective sampled
points are set, and the angle between each of the virtual
lines and a vertical scan line and the distance from the
surface of the probe 110 to each of the sampled points
are calculated, for example, using the configuration of
the scan lines 320, the points 330, and the vertical scan
line 321 on the x-y coordinate system 310 shown in FIG.
2.
[0078] Then, a plurality of points on the scan lines ad-
jacent to each of the sampled points are retrieved from
the memory 140 and respective adjacencies between
each sampled point and the adjacent points are calcu-
lated. Ultrasonic image data corresponding to the adja-
cent points is read from the memory 140 and M-mode
image data of each sampled point is generated by an
interpolation based on the calculated adjacencies and
the read ultrasonic image data.
[0079] The M-mode image data stored in the M-mode
frame memory 172 is displayed as an M-mode image on
the display unit 190. In one example implementation, the
M-mode image may be displayed at one side of the B-
mode image displayed on the display unit 190, so that
both of the two images appear on one screen, as shown
in FIG. 3B.
[0080] As stated previously with reference to FIG. 3B,
when the B-mode image 11 and the M-mode image 14
are simultaneously displayed on one screen, a part of
the B-mode image 11, more particularly lower left and
right portions of the B-mode image 11, may be omitted
on the screen. In this case, the display controller 180 of
the present invention may move the displayed B-mode
image 11 to display the omitted part thereof on the
screen. The movement of the B-mode image 11 by the
present invention is performed by up, down, left and/or
right panning of the image.
[0081] Hereinafter, examples of the operation of the
display controller 180, such as the movement of the B-
mode image will be described in detail with reference to
FIGS. 5 to 11.
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[0082] FIG. 5 illustrates images of a first example dis-
played on the display unit 190 of the ultrasonic diagnostic
apparatus 100 according to the exemplary embodiment
of the present invention.
[0083] When the user intends to personally draw an M
line 13 on a B-mode image to set the M line 13, an area
of the B-mode image in which the M line 13 is to be drawn
may be partially shown as illustrated on the left side of
FIG. 5.
[0084] For example, the input unit 160 may be imple-
mented with a trackball, and  the user clicks the trackball
to designate a desired point (a start point of the M line
13) of the B-mode image, and then rolls the trackball to
draw the M line 13 as desired. When an area of the B-
mode image in which the M line 13 is to be drawn is
partially shown, the display controller 180 moves the B-
mode image to the right with movement of the trackball
such that the area of the B-mode image in which the M
line 13 is to be drawn is fully displayed on the screen, as
shown on the right side ofi FIG. 5. Therefore, the user
may completely observe the drawn M line 13.
[0085] Although drawing the M line 13 on the B-mode
image has been applied as the M line setting method in
the example of FIG. 5, the exemplary embodiment of the
present invention is not limited thereto. For example, des-
ignating the position of the M line 13 in the B-mode image
by other known drawing or input methods may be applied
as the M line setting method. Even in this case, when the
set M line 13 is not fully displayed on the screen, the B-
mode image may be moved such that the set M line 13
is fully displayed.
[0086] FIGS. 6A and 6B illustrate images of a second
example displayed on the display unit 190 of the ultra-
sonic diagnostic apparatus 100 according to the exem-
plary embodiment of the present invention.
[0087] When the user inputs a setting of an M line 13
using the input unit 160, the display unit 190 displays a
B-mode image 11 in which the M line 13 is set and
marked, and displays an M-mode image 14 correspond-
ing to the M line 13 on one screen with the B-mode image
11, as shown in FIG. 6A. At this time, a part of the B-
mode image 11, more particularly lower left and right por-
tions of the B-mode image 11, may be omitted from dis-
play on the screen, thereby causing the M line 13 to be
partially shown, as illustrated on the left side of FIG. 6A.
[0088] Then, the input unit 160 receives a command
for image movement input from the user. The command
input is performed by manipulation of the input unit 160
by the user. In the case where the input unit 160 is im-
plemented with a mouse or trackball, the user may input
the command by moving the mouse or trackball. In the
case where the input unit 160 is implemented with a touch
pad or touch screen, the user may input the command
by touching the touch pad or touch screen.
[0089] For example, the input unit 160 may be a track-
ball, a pointing tool, or a cursor 16, shown on the right
side of FIG. 6A, which moves with rotation of the trackball
or movement of a mouse, and is displayed on the screen

of the display unit 190. If the user rotates the trackball or
moves the mouse to move the cursor in the direction of
the arrow in FIG. 6A, the display controller 180 moves
the B-mode image 11 displayed on the screen to the right
with the movement of the cursor 16 to show the left portion
of the B-mode image 11 omitted on the screen, as shown
at the right side of FIG. 6A. As a result, the set M line 13
is fully shown on the screen, so that the user may make
an accurate diagnosis through comparison/analysis of
the M line 13 marked in the B-mode image 11 and the
M-mode image 14.
[0090] On the other hand, in the case where the input
unit 160 is a mouse or trackball, just moving the cursor
16 on the B-mode image 11 may enable the display con-
troller 180 to move the B-mode image 11. Alternatively,
when the cursor 16 is clicked on a desired point of the
B-mode image 11 and then moved, the display controller
180 may move the B-mode image 11.
[0091] There is no limitation in the direction in which
the display controller 180 moves the B-mode image 11.
When the M line 13 is marked in the right part of the B-
mode image 11 as shown at the left side of FIG. 6B, the
user may manipulate the input unit 160 to move the cursor
16 in the direction of the arrow shown at the right side of
FIG. 6B. In this case, the display controller 180 may move
the B-mode image 11 displayed on the screen to the left
to show the right portion of the B-mode image 11 omitted
from display on the screen. As a result, the set M line 13
may be fully shown on the screen.
[0092] The display controller 180 may move the B-
mode image 11 based on a moving amount input using
the input unit 160. Alternatively, once the user moves the
cursor 16 toward an omitted portion of the M line 13 using
the input unit 160, the display controller 180 may move
the B-mode image 11 irrespective of the moving amount
of the cursor 16 to fully show the partially omitted M line
13 on the screen. Also, the display controller 180 may
move the B-mode image 11 based on a moving direction
input using the input unit 160. Alternatively, the display
controller 180 may move the B-mode image 11 irrespec-
tive of the input moving direction to fully show the partially
omitted M line 13 on the screen.
[0093] In particular, when the user rolls the trackball
160, for example, to the left and down to move the cursor
16 to the left and down, the display controller 180 may
move the B-mode image 11 in the opposite direction, that
is, to the right and up.
[0094] As another alternative exemplary embodiment,
the display controller 180 may move the B-mode image
11 to the right in consideration of only the moving amount
irrespective of the input moving direction or irrespective
of both the moving amount and the input moving direc-
tion, and accordingly to only respond to receiving any
input, to fully show the partially omitted M line 13 on the
screen. Notably, the reason to move the B-mode image
to the left and right irrespective of the input moving di-
rection is that only the left and right portions of the B-
mode image have been omitted on the display unit 190
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and both the upper and lower portions of the B-mode
image have been displayed on the display unit 190. If the
upper and lower portions of the B-mode image are also
omitted on the display unit 190, the display controller 180
may move the B-mode image up and down, as well as
to the left and right.
[0095] FIGS. 7A and 7B illustrate images of a third ex-
ample displayed on the display unit 190 of the ultrasonic
diagnostic apparatus 100 according to the exemplary
embodiment of the present invention.
[0096] As shown at the left side of FIG. 7A, two M lines
13a and 13b may be set and marked with respect to a
B-mode image 11, and an M-mode image 14 of the set
M lines 13a and 13b may be displayed next to the B-
mode image 11. The user may select the M line 13a,
partially omitted on the screen, using the input unit 160
to minutely observe the partially omitted M line 13a. When
the partially omitted M line 13a is selected, the display
controller 180 may move the B-mode image 11, for ex-
ample, to the right since the left M line 13a is inputted,
to fully display the partially  omitted M line 13a on the
screen.
[0097] In particular, in the case where an omitted por-
tion of the M line 13a is located in a lower left portion of
the B-mode image 11 as shown at the left side of FIG.
7A, the display controller 180 may move the B-mode im-
age 11 to the right to display the omitted lower left portion
of the B-mode image 11 on the screen of the display unit
190, so as to fully display the partially omitted M line 13a
on the screen, as shown at the right side of FIG. 7A.
[0098] Once the B-mode image 11 is moved, the par-
tially omitted M line 13a is fully shown, but the other M
line 13b may be partially or completely omitted as shown
on the right side of FIG. 7A, or similarly on the left side
of FIG. 7B. When the user selects the M line 13b using
the input unit 160 to observe the M line 13b again, using
the cursor 16 in FIG. 7B, the display controller 180 may
move the B-mode image 11 to the left to fully display the
partially omitted M line 13b on the screen, as shown at
the right side of FIG. 7B.
[0099] Likewise, in the example of FIGS. 7A and 7B,
the B-mode image is moved only to the left and right
because the upper and lower portions thereof are not
omitted on the screen. As needed, the B-mode image
may be moved up, down, left and right.
[0100] Although the two M lines have been set in the
example of FIGS. 7A and 7B, the exemplary embodiment
of the present invention may also be applied to the case
where a larger number of M lines are set and the case
where only one M line is set.
[0101] FIG. 8 illustrates images of a fourth example
displayed on the display unit 190 of the ultrasonic diag-
nostic apparatus 100 according to the exemplary embod-
iment of the present invention.
[0102] Referring to the images 11, 14 shown at the left
side of FIG. 8, a position 18 on the B-mode image 11 is
indicated corresponding to a position of a cursor 16 on
the M-mode image 14. When the user moves the position

of the cursor 16 on a vertical axis of the M-mode image
14 using the input unit 160, a position 19 on the B-mode
image 11 corresponding to the moved position of the cur-
sor 16 may not be shown on the screen. In this case, the
display controller 180 may move the B-mode image 11
to show the position 19 of the B-mode image 11 corre-
sponding to the moved position of the cursor 16 on the
screen. In the example of FIG. 8, the B-mode image 11
is moved to the right such that a lower left portion of the
B-mode image 11, not initially shown on the screen, is
shown on the screen on the right of FIG. 8.
[0103] FIG. 9 illustrates images of a fifth example dis-
played on the display unit 190 of the ultrasonic diagnostic
apparatus 100 according to the exemplary embodiment
of the present invention.
[0104] Referring to FIG. 9, an M-mode image 14 cor-
responding to at least two M lines 13c and 13d may be
displayed on the display unit 190, for example, on the left
side of FIG. 9. At this time, the user may input an addi-
tional setting of an M line 13e using the input unit 160.
When the M line 13e is additionally set, the M line 13e
may partially appear on the screen. In this case, the dis-
play controller 180 may move the B-mode image 11 to
fully show the additionally set M line 13e on the screen.
[0105] The additional setting of the M line 13e may be
made by selection of the M line 13e pre-marked in the
B-mode image 11 by the user, designation of the position
of the M line 13e to be set by the user, or drawing of the
M line 13e on the B-mode image 11 by the user.
[0106] In the example of FIG. 9, in the case where the
user intends to draw the M line 13e, the user may des-
ignate, using the input unit 160, a point of the B-mode
image 11 to be set as a start point of the M line 13e and
then draw the M line 13e, in a similar manner to drawing
the M line 13 in the example of FIG. 5. Then, the display
controller 180 may move the B-mode image 11 to the left
to fully display the drawn M line 13e on the screen, as
shown in the right side of FIG. 9.
[0107] Alternatively, in the case where the M line 13e
is pre-marked in the B-mode image 11, the user may
select the M line 13e using the input unit 160, and the
display controller 180 may then move the B-mode image
11 to the left to fully display the selected M line 13e on
the screen.
[0108] As another alternative exemplary embodiment,
the user may personally designate the position of the M
line 13e using the input unit 160. When the designated
position is not fully shown on the screen, the display con-
troller 180 may move the B-mode image 11 to fully display
the M line 13e on the screen.
[0109] On the other hand, when the M line 13e is ad-
ditionally set, the M-mode image 14 displayed on the
screen is updated to be added with an M-mode image
corresponding to the additionally set M line 13e.
[0110] FIG. 10 illustrates images of a sixth example
displayed on the display unit 190 of the ultrasonic diag-
nostic apparatus 100 according to the exemplary embod-
iment of the present invention.
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[0111] In the case where a set M line 13 and a corre-
sponding M-mode image 14 are displayed as shown at
the left side of FIG. 10, that is, a vertical axis of the M-
mode image 14 and the M line 13 are not parallel with
each other, the display controller 180 may rotate a B-
mode image 11 such that the M line 13 and the vertical
axis are parallel with each other. At this time, the rotation
angle of the B-mode image 11 will be an angle defined
as extending between a vertical scan line and the M line
13.
[0112] Also, the display controller 180 may scale the
B-mode image 11 such that the depth ratio of the M-mode
image 14 to the B-mode image 11 is 1:1.
[0113] In the case that the display controller 180 ro-
tates and scales the B-mode image 11 such that the M
line 13 and the vertical axis of the M-mode image 14 are
parallel with each other and the depth ratio of the two
images is 1:1, as shown at the right side of FIG. 10, the
user may be able to readily and accurately compare/an-
alyze the B-mode image 11 and the M-mode image 14.
[0114] FIG. 11 illustrates examples of images 11a-11c
displayed on a display unit 190 of an ultrasonic diagnostic
apparatus 100 according to an alternative exemplary em-
bodiment of the present invention.
[0115] The ultrasonic diagnostic apparatus 100 ac-
cording to the alternative exemplary embodiment of the
present invention may generate and display a two-dimen-
sional ultrasonic image and a three-dimensional ultra-
sonic image. In this case, the first mode image generator
150 in the block diagram of FIG. 1 may be a two-dimen-
sional ultrasonic image generator and the second mode
image generator 170 therein may be a three-dimensional
ultrasonic image generator. Other components are sub-
stantially the same as those in FIG. 1.
[0116] Referring to FIG. 11, a two-dimensional (2D)
ultrasonic image (B-mode image) of each section of a
three-dimensional (3D) ultrasonic image 20 may be dis-
played on the display unit 190 together with the 3D ultra-
sonic image 20. The 2D ultrasonic image of each section
may include a cross-sectional image 11a in an xy plane,
a cross-sectional image 11b in a yz plane, and a cross-
sectional image 11c in an xz plane, as well as the 3D
ultrasonic image 20 shown in a perspective view 30.
[0117] Here, when the user manipulates the input unit
160 to input a command for image movement, the display
controller 180 moves an image in response to the input
command.
[0118] As an example, when the user manipulates the
input unit 160 to move the cursor 16 on the cross-sec-
tional image 11a in the xy plane, the display controller
180 may change, translate, rotate, and/or move the
cross-sectional image 11a according to a moving amount
and moving direction of the cursor 16 and also move the
3D ultrasonic image 20 and the other two cross-sectional
images 11b and 11c corresponding to the movement of
the cross-sectional image 11a, thereby allowing the user
to readily compare/analyze data of the respective imag-
es.

[0119] On the other hand, when the user manipulates
the input unit 160 to move the 3D ultrasonic image 20,
the display controller 180 may move the 2D ultrasonic
images 11a, 11b and 11c corresponding to the move-
ment of the 3D ultrasonic image 20.
[0120] Alternatively, in the case where the input unit
160 is implemented with a trackball or mouse, the user
may click the trackball or mouse on a desired point of an
image to designate the desired point, and then manipu-
late the trackball or mouse to move the cursor 16 to a
next point so as to move the image.
[0121] Hereinafter, exemplary embodiments of a
method of controlling the ultrasonic diagnostic apparatus
100 according to the exemplary embodiment of the
present invention will be described.
[0122] The method of controlling the ultrasonic diag-
nostic apparatus according to the exemplary embodi-
ment of the present invention includes generating an im-
age of a first mode and an image of a second mode using
an ultrasonic signal reflected and returned after being
transmitted to an object, displaying the generated first
mode image and second mode image on the display unit
190, receiving a command for image movement input by
the user, and moving one of the first mode image and
second mode image on the screen in response to the
input command to display a portion initially omitted on
the screen. The exemplary embodiments of the ultrason-
ic diagnostic apparatus control method will hereinafter
be described in detail with reference to the annexed draw-
ings. In the following description, in an illustrative exam-
ple, the first mode is the B-mode and the second mode
is the M-mode.
[0123] FIG. 12 is a flowchart illustrating a method of
controlling the ultrasonic diagnostic apparatus 100 ac-
cording to the exemplary embodiment of the present in-
vention, which describes, for example, the control of the
images shown in FIGS. 6A-6B.
[0124] Referring to FIG. 12, first, a B-mode image of
an object is generated and displayed on the display unit
190 in step 411. Generating the B-mode image is per-
formed in the same manner as that previously stated in
association with the ultrasonic diagnostic apparatus 100,
and a description thereof will thus be omitted.
[0125] Then, a setting of an M line input by the user is
received in step 412. Alternatively, the setting of the M
line may be made directly by the ultrasonic diagnostic
apparatus 100, and not by the user input. If the M line is
set, the M line is marked in the B-mode image.
[0126] When the M line is set, an M-mode image of the
set M line is generated and displayed on the display unit
190 in step 413. Generating the M-mode image is also
performed in the same manner as that previously stated
in association with the ultrasonic diagnostic apparatus
100, and a description thereof will thus be omitted.
[0127] The B-mode image and the M-mode image are
displayed on one screen, as shown in, for example, FIG.
6A. When a part of the M line marked in the B-mode
image is omitted so as not to be initially shown on the
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screen, a user command for image movement is input
using the input unit 160 in step 414. At this time, the user
command input is performed by manipulation of the input
unit 160 by the user.
[0128] Then, the B-mode image is moved in response
to the user command in step 415 such that the partially
omitted M line is fully shown on the screen, and the meth-
od of FIG. 12 ends. In particular, in the case where the
input unit 160 is a trackball or mouse, the user may move
the cursor 16 displayed on the B-mode image toward an
omitted portion of the M line by rolling the trackball or
moving the mouse. The B-mode image may be moved
with the movement of the cursor 16 such that the omitted
portion of the M line is shown on the screen. In the case
where the input unit 160 is a keyboard, the user may
move the cursor 16 displayed on the B-mode image using
direction keys. In the case where the input unit 160 is a
touch pad or touch screen, the user may move the cursor
16 by personally touching the touch pad or touch screen.
[0129] The moving direction of the B-mode image may
be as follows. When the partially omitted M line is located
at the left-hand side of a vertical scan line, the B-mode
image may be moved to the right. Otherwise, when the
partially omitted M line is located at the right-hand side
of the vertical scan line, the B-mode image may be moved
to the left. When upper and lower portions of the B-mode
image are also initially omitted, the B-mode image may
also be moved up and down.
[0130] The moving amount of the B-mode image may
be as follows. The B-mode image may be moved until
the partially omitted M line is fully or completely displayed
on the screen. Alternatively, the B-mode image may be
moved according to a  moving amount input using the
input unit 160.
[0131] The B-mode image may be moved in an M line
setting process, which will hereinafter be described with
reference to an example in which the user personally
draws the M line. First, the B-mode image of the object
is generated and displayed on the display unit 190. The
user designates a point on the B-mode image to be set
as a start point of the M line and then draws the M line
toward an end point of the M line. At this time, an area
of the B-mode image in which the M line is to be drawn
may be partially displayed on the screen. In this case,
the B-mode image may be moved at the same time that
the M line is drawn toward a portion of the area, which
is not initially displayed, such that the area portion is dis-
played on the screen.
[0132] As another example of moving the B-mode im-
age in the M line setting process, the B-mode image of
the object is generated and displayed on the display unit
190, and at least one M line is pre-marked in the B-mode
image. The user may perform the M line setting by se-
lecting the pre-marked M line. When the M line selected
by the user is partially shown on the screen, the B-mode
image may be moved such that the selected M line is
fully shown on the screen.
[0133] As another example of moving the B-mode im-

age in the M line setting process, the B-mode image of
the object is generated and displayed on the display unit
190, and the user sets the M line by designating the po-
sition of the M line in the B-mode image. The set M line
is displayed at the designated position of the B-mode
image. At this time, in the example in which a part of the
designated position is not initially displayed on the
screen, the B-mode image may be moved such that the
set M line is fully shown on the screen.
[0134] FIG. 13 is a flowchart illustrating an example of
automatic image movement, which describes, for exam-
ple, the control of the images shown in FIGS. 7A-7B.
[0135] Referring to FIG. 13, first, a B-mode image of
an object is displayed on the display unit 190 in step 421
and a setting of an M line input by the user is received in
step 422. Then, an M-mode image corresponding to the
set M line is generated and displayed on the display unit
190 in step 423. Here, the B-mode image and the M-
mode  image are displayed on one screen, and the set
M line may include at least one M line, such as a plurality
of M lines.
[0136] At this time, the set M line may be partially dis-
played on the screen. When a selection for the partially
displayed M line is determined to have been input by the
user in step 424, the B-mode image is moved such that
the selected M line is fully displayed on the screen in step
425, and the method in FIG. 13 ends. At this time, the
moving amount and moving direction of the B-mode im-
age are determined depending on a hidden position and
hidden degree of the M line. However, if no selection for
the partially displayed M line has been input, as deter-
mined in step 424, the method skips step 425 and the
method in FIG. 13 ends.
[0137] FIG. 14 is a flowchart illustrating an example of
movement of a B-mode image based on the position of
a pointing tool, which describes, for example, the control
of the images shown in FIG. 8.
[0138] Referring to FIG. 14, first, a B-mode image of
an object is generated and displayed on the display unit
190 in step 431 and a setting of an M line input by the
user is received in step 432. The set M line is marked in
the B-mode image.
[0139] An M-mode image of the set M line is generated
and displayed on the display unit 190 in step 433, and
the user moves the pointing tool, for example, the cursor
16 on the M-mode image, as shown in FIG. 6A, by ma-
nipulating the input unit 160 in step 434. The movement
of the pointing tool based on the user manipulation is
performed through manipulation of the input unit 160 by
the user. For example, in the case where the input unit
160 is a trackball or mouse, the moving direction and
moving amount of the pointing tool are input by the user
rolling the trackball or moving the mouse. In the case
where the input unit 160 is a keyboard, the moving direc-
tion and moving amount of the pointing tool are input by
the user manipulating buttons of the keyboard. In the
case where the input unit 160 is a touch panel or touch
screen, the moving direction and moving amount of the
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pointing tool are input by the user touching the touch
panel or touch screen.
[0140] When a position of the B-mode image corre-
sponding to the moved position  of the pointing tool is not
initially shown on the screen, the B-mode image is moved
such that the corresponding position is shown on the
screen in step 435, and the method of FIG. 14 ends. The
moving direction and moving amount of the B-mode im-
age are determined depending on the moved position of
the pointing tool.
[0141] FIG. 15 is a flowchart illustrating an example of
movement of a B-mode image based on an additional
setting of an M line, which describes, for example, the
control of the images shown in FIG. 9.
[0142] Referring to FIG. 15, first, a B-mode image of
an object is generated and displayed on the display unit
190 in step 441 and a setting of an M line input by the
user is received in step 442. If the M line setting is input,
an M-mode image of the set M line is generated and
displayed on the display unit 190 in step 443. The B-
mode image and the M-mode image are displayed on
one screen of the display unit 190, as shown, for example,
in FIG. 6A.
[0143] Then, an additional setting of an M line input by
the user is received in step 444. When the additionally
set M line is partially omitted on the screen as determined
in step 445, the B-mode image is moved such that the
additionally set M line is fully displayed on the screen in
step 446, and the method of FIG. 15 ends. Otherwise if
it is determined in step 445 that no additionally set M line
is partially omitted on the screen, the method skips step
446 and then the method of FIG. 15 ends. The additional
M line setting may be made by the user personally draw-
ing the M line on the B-mode image or designating the
position of the M line. The moving direction and moving
amount of the B-mode image are determined depending
on the omitted degree and position of the additionally set
M line.
[0144] FIG. 16 is a flowchart illustrating an example of
rotation and scaling of a B-mode image, which describes,
for example, the control of the images shown in FIG. 10.
[0145] Referring to FIG. 16, first, a B-mode image of
an object is generated and displayed on the display unit
190 in step 451 and a setting of an M line input by the
user is received in step 452. The setting of the M line
may be made directly by the  ultrasonic diagnostic appa-
ratus 100, not by the user input.
[0146] If the M line is set, an M-mode image of the set
M line is generated and displayed on the display unit 190
in step 453.
[0147] In the case where the set M line is not a vertical
scan line of the B-mode image, it may not be easy for
the user to compare/analyze the B-mode image and the
M-mode image. For this reason, the B-mode image is
rotated such that the M line marked in the B-mode image
and a vertical axis of the M-mode image are parallel with
each other in step 454.
[0148] Then, the B-mode image is scaled such that the

depth ratio of the two images is 1:1 in step 455, and the
method of FIC. 16 then ends. Therefore, the user may
readily compare/analyze the B-mode image and the M-
mode image.
[0149] A method of controlling the ultrasonic diagnostic
apparatus 100 according to an alternative exemplary em-
bodiment of the present invention includes generating a
two-dimensional ultrasonic image and a three-dimen-
sional ultrasonic image with respect to an object, as de-
scribed herein with regard to FIG. 11, displaying the gen-
erated images on one screen, moving the two-dimen-
sional ultrasonic image or three-dimensional ultrasonic
image in response to a user input, and moving the other
image together corresponding to the image movement.
For example, an xy cross-sectional image 11a, a yz
cross-sectional image 11b, and an xz cross-sectional im-
age 11c of a three-dimensional ultrasonic image may be
displayed on one screen together with the three-dimen-
sional ultrasonic image 30. If the user moves one of the
above images by moving the position of the cursor 16
using the input unit 160, the other images may also be
moved corresponding to the image movement.
[0150] As described above, when images correspond-
ing to two types of diagnostic modes are simultaneously
displayed on the display unit of the ultrasonic diagnostic
apparatus 100, a portion of the displayed images may
be initially omitted or hidden. In this case, the omitted or
hidden portion may be displayed on the screen by a sim-
ple operation of the user. Therefore, the user may com-
pare/analyze two types of data corresponding to each
other on one screen, so as to more efficiently and  accu-
rately perform an ultrasonic diagnosis.
[0151] Alternatively, the ultrasonic diagnostic appara-
tus 100 may automatically display the omitted or hidden
portion on the screen without a user operation. Therefore,
the two types of data may be conveniently compared/
analyzed without an increase in the number of operation
steps of the user.
[0152] As is apparent from the above description, in
an ultrasonic diagnostic apparatus 100 and a control
method thereof according to the exemplary embodiment
of the present invention, when two or more types of ul-
trasonic data are displayed on one screen, it may be pos-
sible to prevent the data from being reduced in size or
being completely omitted on the screen, thereby perform-
ing an accurate diagnosis through comparison of the da-
ta.
[0153] Also, data omitted on the screen may be dis-
played through a simple operation of the user, thereby
reducing the number of operating steps of the user. Fur-
ther, the user may perform data comparison/analysis by
intuition.
[0154] The above-described apparatus and methods
according to the present invention can be implemented
in hardware or firmware, or as software or computer code,
or combinations thereof. In addition, the software or com-
puter code can also be stored in a non-transitory record-
ing medium such as a CD ROM, a RAM, a ROM whether
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erasable or rewritable or not, a floppy disk, CDs, DVDs,
memory chips, a hard disk, a magnetic storage media,
an optical recording media, or a magnetooptical disk or
computer code downloaded over a network originally
stored on a remote recording medium, a computer read-
able recording medium, or a non-transitory machine
readable medium and to be stored on a local recording
medium, so that the methods described herein can be
rendered in such software, computer code, software
modules, software objects, instructions, applications, ap-
plets, apps, etc. that is stored on the recording medium
using a general purpose computer, a digital computer,
or a special processor or in programmable or dedicated
hardware, such as an ASIC or FPGA. As would be un-
derstood in the art, the computer, the processor, micro-
processor controller or the programmable hardware in-
clude volatile  and/or non-volatile storage and memory
components, e.g., RAM, ROM, Flash, etc. that may store
or receive software or computer code that when ac-
cessed and executed by the computer, processor or
hardware implement the processing methods described
herein. In addition, it would be recognized that when a
general purpose computer accesses code for implement-
ing the processing shown herein, the execution of the
code transforms the general purpose computer into a
special purpose computer for executing the processing
shown herein. In addition, the program may be electron-
ically transferred through any medium such as commu-
nication signals transmitted by wire/wireless connec-
tions, and their equivalents. The programs and computer
readable recording medium can also be distributed in
network-coupled computer systems so that the computer
readable code is stored and executed in a distributed
fashion.
[0155] Although a few exemplary embodiments of the
present invention have been shown and described, it
would be appreciated by those skilled in the art that
changes may be made in these exemplary embodiments
without departing from the principles of the invention, the
scope of which is defined in the claims and their equiv-
alents.

Claims

1. An ultrasonic diagnostic apparatus (100) including a
probe (110) configured to emit an ultrasonic signal
to an object and receive the ultrasonic signal reflect-
ed from the object and a first mode image generator
(150) configured to generate an image (11) of a first
mode based on the reflected ultrasonic signal re-
ceived by the probe (110), the ultrasonic diagnostic
apparatus characterized by:

a second mode image generator (170) config-
ured to generate an image (14) of a second
mode associated with the first mode image;
a display unit (190) configured to display the first

mode image and the second mode image on
one screen thereof; and
a display controller (180) configured to move,
when a part of a portion of the first mode image
(11) associated with the second mode image
(14) is not displayed on the display unit, the first
mode image (11) displayed on the display unit
(190) to fully display the portion associated with
the second mode image (14) on the display unit
(190).

2. The ultrasonic diagnostic apparatus (100) according
to claim 1, characterized in that the first mode im-
age (11) is a B-mode image having at least one M
line (13) marked therein; and
the second mode image (14) is an M-mode image
corresponding to the at least one M line (13) marked
in the B-mode image (11).

3. The ultrasonic diagnostic apparatus (100) according
to claim 2, characterized in that the display control-
ler (180) is configured to move, when a portion of
the M line (13) is not displayed on the display unit
(190), the B-mode image (11) to display the M line
portion (13) on the display unit (190).

4. The ultrasonic diagnostic apparatus (100) according
to claims 2 or 3, characterized by an input unit (160)
configured to receive a command for movement of
the B-mode image (11) displayed on the display unit
(190); and
the display controller (180) being configured to move
the B-mode image (11) displayed on the display unit
(190) based on a moving direction and a moving
amount corresponding to the command received
from the input unit (160).

5. The ultrasonic diagnostic apparatus (100) according
to claim 4, characterized in that the display unit
(190) is configured to display a pointing tool (16),
with the pointing tool (16) being moved in response
to the command received from the input unit (160);
and
the display controller (180) being configured to
move, when a portion of the M line (13) located in a
moving direction of the pointing tool (16) is not dis-
played on the display unit (190), the B-mode image
(11) displayed on the display unit (190) to display
the M line portion (13) on the display unit (190).

6. The ultrasonic diagnostic apparatus (100) according
to claim 4, characterized in that the display unit
(190) is configured to display a pointing tool (16),
with the pointing tool (16) being moved in response
to the command received from the input unit (160);
and
the display controller (180) being configured to
move, when a portion of the M line (13) correspond-
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ing to a portion of the M-mode image (14) in which
the pointing tool (16) moved in response to the com-
mand is located is not displayed on the display unit
(190), the B-mode image (11) to display the M line
portion (13) on the display unit (190).

7. The ultrasonic diagnostic apparatus (100) according
to any of the claims 2 - 6, characterized by an input
unit (160) configured to receive an inputted setting
of the M line (13b); and
the display controller (180) being configured to
move, when an additional setting of an M line (13a)
is received from the input unit (160) and a portion of
the  additionally set M line (13a) is not displayed on
the display unit (190), the B-mode image (11) dis-
played on the display unit (190) to fully display the
additionally set M line (13a).

8. The ultrasonic diagnostic apparatus (100) according
to claim 7, characterized in that the display control-
ler (190) is configured to additionally display an M-
mode image (14) corresponding to the additionally
set M line (13a) on the display unit (190) when the
additional M line (13a) setting is completed.

9. The ultrasonic diagnostic apparatus (100) according
to any of the claims 2 - 8, characterized in that the
display controller (180) is configured to rotate the B-
mode image (11) such that the M line (13) marked
in the B-mode image (11) is parallel with a vertical
axis of the M-mode image (14).

10. The ultrasonic diagnostic apparatus (100) according
to claim 9, characterized in that the display control-
ler (180) is configured to scale the rotated B-mode
image (11) displayed on the display unit (190) such
that a depth ratio of the B-mode image (11) to the
M-mode image (14) is 1:1.

11. The ultrasonic diagnostic apparatus (100) according
to claim 7 or 8, characterized in that the input unit
(160) includes at least one of a mouse, a trackball,
a keyboard, a touch panel and a touch screen.

12. A method of controlling an ultrasonic diagnostic ap-
paratus (100) including emitting an ultrasonic signal
to an object and receiving the ultrasonic signal re-
flected from the object and generating an image (11)
of a first mode based on the received reflected ultra-
sonic signal , the method characterized by:

generating an image (14) of a second mode as-
sociated with the first mode image (11);
displaying (413) the generated second mode im-
age together with the first mode image (11);
moving (415) the displayed first mode image
(11) when a part of a portion of the first mode
image (11) associated with the second mode

image (14) is not displayed, to fully display the
portion associated with the second mode image
(14).

13. The method according to claim 11, characterized
in that the first mode image (11) is a B-mode image
having at least one M line (13) marked therein; and
the second mode image (14) is an M-mode image
corresponding to the at least one M line (13).

14. The method according to claim 12, characterized
in that the moving (415) of the displayed first mode
image (11) comprises moving (425) the B-mode im-
age (11) when a portion of the M line (13) is not dis-
played, to display the M line portion (13).

15. The method according to any of the claims 12 - 14,
characterized by receiving (414) a command for
image movement; and
the moving (415) of the displayed first mode image
(11) comprises moving (415) the displayed B-mode
image (11) based on a moving amount and a moving
direction corresponding to the received command.
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