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(57) ABSTRACT

Disclosed is an ultrasound apparatus and method for con-
trolling the same, whereby once a feature point for re-
registration is selected on one of registered ultrasound image
and external image, a cursor is displayed on the other image
at a point corresponding to the selected feature point. The
ultrasonic apparatus includes a controller for using a differ-
ence in coordinates between a first feature point of an
ultrasound image and a second feature point of an external
image with respect to a reference coordinate system, to
register the ultrasound image and the external image; a
display for displaying the registered ultrasound image and
external image; and an input unit for receiving a command
to select third and fourth feature points for re-registration,
wherein the controller is configured to, once the third feature
point of one of the ultrasound image and the external image
is selected, control the display to display a cursor for
selection of the fourth feature point at a position correspond-
ing to the third feature point on the other one of the
ultrasound image and the external image by means of the
difference.
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ULTRASONIC APPARATUS AND METHOD
FOR CONTROLLING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2015-0141870, filed
on Oct. 8, 2015, the disclosure of which is incorporated
herein by reference in its entirety.

BACKGROUND
[0002] 1. Field of the Invention
[0003] Embodiments of the present disclosure relate to an

ultrasonic apparatus and method for controlling the same,
which provides an ultrasound image of an object.

[0004] 2. Discussion of Related Art

[0005] An ultrasonic apparatus irradiates ultrasounds from
the surface of an object toward a particular region inside the
object and uses information of the reflected echo ultrasounds
to noninvasively acquire an image of a cross-section of a soft
tissue or blood stream.

[0006] The ultrasonic apparatus has many advantages in
that it is compact and inexpensive, able to display images in
real time, and guarantees high safety because there is no
radiation exposure, such as exposure to X rays. Accordingly,
the ultrasonic diagnostic equipment is widely used for
examination of the heart, breast, abdomen, urinary organs,
and examination in women clinic.

[0007] Recently, active studies on an ultrasonic apparatus
for registering an external image of an object acquired by an
external imaging apparatus with an ultrasound image of the
object and providing the registration result for the user are
underway. Such an ultrasound apparatus may register an
external image, such as a Computerized Tomography (CT)
image, a Magnetic Resonance (MR) image, etc. of an object
with an ultrasound image of the object and display the
registration result through a display.

SUMMARY OF THE INVENTION

[0008] Embodiments of the present disclosure provide an
ultrasound apparatus and method for controlling the same,
whereby once a feature point for re-registration is selected
on one of registered ultrasound image and external image, a
cursor is displayed on the other image at a point correspond-
ing to the selected feature point.

[0009] In accordance with an aspect of the present disclo-
sure, an ultrasonic apparatus includes a controller for using
a difference in coordinates between a first feature point of an
ultrasound image and a second feature point of an external
image with respect to a reference coordinate system, to
register the ultrasound image and the external image; a
display for displaying the registered ultrasound image and
external image; and an input unit for receiving a command
to select third and fourth feature points for re-registration,
wherein the controller is configured to, once the third feature
point of one of the ultrasound image and the external image
is selected, control the display to display a cursor for
selection of the fourth feature point at a position correspond-
ing to the third feature point on the other one of the
ultrasound image and the external image by means of the
difference.
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[0010] The controller may control the display to display at
least one of a first cursor for selection of the third feature
point and a second cursor for selection of the fourth feature
point.

[0011] While the first and second cursors are displayed at
the same time, if the first cursor is moved to select the third
feature point, the controller may control the display to
display the second cursor at a position corresponding to the
moved position of the first cursor by means of the difference.
[0012] The controller may control the display to display
the first cursor in a changed color, once the third feature
point is selected.

[0013] The controller may control the display to display an
area with emphasis, the area including the position of the
second cursor determined by the difference, once the third
feature point is selected.

[0014] In accordance with another aspect of the present
disclosure, a method for controlling an ultrasonic apparatus
includes using a difference in coordinates between a first
feature point of an ultrasound image and a second feature
point of an external image with respect to a reference
coordinate system, to register the ultrasound image and the
external image; displaying the registered ultrasound image
and external image; and receiving a re-registration com-
mand; and once a third feature point of one of the ultrasound
image and the external image is selected for re-registration,
displaying a cursor for selection of a fourth feature point at
a position corresponding to the third feature point on the
other one of the ultrasound image and the external image by
means of the difference.

[0015] Displaying a cursor for selection of a fourth feature
point may include displaying a first cursor for selection of
the third feature point; receiving a command to select the
position of the first cursor to be the third feature point; and
displaying a second cursor for selection of the fourth feature
point at a position corresponding to the third feature point by
means of the difference.

[0016] The method may further include, once the first
cursor is moved to select the third feature point, displaying
the second cursor on a position corresponding to a moved
position of the first cursor by means of the difference.
[0017] The method may further include displaying the first
cursor in a changed color, once the third feature point is
selected.

[0018] The method may further include displaying an area
with emphasis, the area including the position of the second
cursor determined by the difference, once the third feature
point is selected.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The above and other objects, features and advan-
tages of the present disclosure will become more apparent to
those of ordinary skill in the art by describing in detail
exemplary embodiments thereof with reference to the
accompanying drawings, in which:

[0020] FIG. 1 is a perspective view of an ultrasonic
apparatus, according to an embodiment of the present dis-
closure;

[0021] FIG. 2 is a control block diagram of an ultrasonic
apparatus, according to an embodiment of the present dis-
closure;

[0022] FIG. 3 shows registered ultrasound image and
external image displayed on a display, according to an
embodiment of the present disclosure;
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[0023] FIG. 4 shows registered ultrasound image and
external image with a registration error, which is displayed
on a display, according to an embodiment of the present
disclosure;

[0024] FIGS. 5A to 5C show a cursor for re-registration
displayed on a display, according to an embodiment of the
present disclosure;

[0025] FIGS. 6A to 6C show a cursor for re-registration
displayed on a display, according to another embodiment of
the present disclosure;

[0026] FIGS. 7A and 7B show a cursor for re-registration
displayed on a display, according to another embodiment of
the present disclosure; and

[0027] FIG. 8 is a flowchart illustrating a method for
controlling an ultrasonic apparatus, according to an embodi-
ment of the present disclosure.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0028] Embodiments of an ultrasonic apparatus and
method for controlling the same will now be described in
detail with reference to accompanying drawings.

[0029] FIG. 1 is a perspective view of an ultrasonic
apparatus, according to an embodiment of the present dis-
closure, FIG. 2 is a control block diagram of an ultrasonic
apparatus, according to an embodiment of the present dis-
closure, and FIG. 3 shows registered ultrasound image and
external image displayed on a display, according to an
embodiment of the present disclosure.

[0030] Referring to FIG. 1, an ultrasonic apparatus 1 may
include a main unit M, and an ultrasonic probe P.

[0031] The ultrasonic probe P is a unit that comes in direct
contact with the surface of an object to collect echo ultra-
sounds containing information of the object. For this, the
ultrasonic probe P may include a plurality of transducer
elements for converting between electric signals and ultra-
sounds.

[0032] The plurality of transducer elements may be
arrayed on one side of the ultrasonic probe P. If the trans-
ducer elements are arrayed on one side of the ultrasonic
probe P in one dimension (1D), the ultrasonic probe P is
called a 1D array probe. The 1D array probe may include a
linear array prove having transducer elements arrayed in a
straight line, a phased array probe, and a convex array probe
having transducer elements arrayed in a curve.

[0033] Alternatively, if the transducer elements of the
ultrasonic probe P are arrayed in two dimensions (2D), the
ultrasonic probe P is called 2D array probe. In the 2D array
probe, the transducer elements may be arrayed on a plane.
For example, the transducer elements may be arrayed to
form a curved plane on one side of the 2D array probe.
[0034] The transducer elements may generate ultrasounds
by vibrating according to transmit signals provided from the
main unit M. The ultrasounds may be irradiated to the inside
of an object. Furthermore, the transducer elements may
vibrate according to echo ultrasounds reflected from a
particular region inside the object and generate a receive
signal corresponding to the echo ultrasound. The receive
signal may be sent to the main unit M to be used to generate
an ultrasound image.

[0035] Hereinafter, the transmit signal received by the
ultrasonic probe P will be called an ultrasound signal, and
the receive signal generated by the ultrasonic probe P will be
called an echo ultrasound signal.
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[0036] The ultrasonic probe P may collect echo ultra-
sounds in real time, and generate echo ultrasound signals
with a predetermined time gap. The echo ultrasound signal
generated with the time gap may be the basis of a frame
image of the ultrasound image.

[0037] The ultrasonic probe P may be configured to com-
municate with the main unit M via a cable 5. For this, the
ultrasonic probe P may be connected to an end of the cable
5, the other end of which may be connected to a male
connector 6. The mail connector 6 connected to the other end
of the cable 5 may be physically connected with a female
connector 7 of the main unit M, and as a result, the ultrasonic
probe P may be connected to the main unit M.

[0038] The ultrasonic probe P may receive the ultrasound
signal from the main unit M or transmit the echo ultrasound
signal to the main unit M via the cable 5. In addition, the
ultrasonic probe P may be controlled by the main unit M by
receiving control signals from the main unit M via the cable
5.

[0039] Specifically, once a control signal corresponding to
a control command input through an input unit 500 is
generated by the main unit M, the ultrasonic probe P may be
controlled according to the control command by receiving
the control signal via the cable 5. For example, once a
control command to set a focal depth of an irradiated
ultrasound, aperture or shape of the ultrasonic probe P, or a
steering angle is input through the input unit 500, the main
unit M may generate a control signal corresponding to the
control command. The control signal may be sent to the
ultrasonic probe P via the cable 5 and used for beamforming.
[0040] Alternatively, wireless connection may be used
between the main unit M and the ultrasonic probe P200. In
this case, the ultrasonic probe P may wirelessly receive an
ultrasound signal for ultrasound irradiation, or may wire-
lessly transmit an echo ultrasound signal corresponding to
an echo ultrasound received from an object (ob).

[0041] The ultrasonic probe P may be connected to the
main unit M by employing any one of wireless communi-
cation schemes known to the public. For example, the
ultrasonic probe P may be connected to the main unit M in
a wireless Internet scheme, such as Wireless Local Area
Network (WLAN), Wireless Fidelity (Wi-Fi), Wireless
Broadband (Wibro), World Interoperability for Microwave
Access (Wimax), High Speed Downlink Packet Access
(HSDPA), or in a short range communication scheme, such
as Bluetooth, Radio Frequency Identification (RFID), Infra-
red Data Association (ItDA), Ultra Wideband (UWB), Zig-
Bee, etc.

[0042] Positions of the ultrasonic probe P may be tracked
by a controller 600, which will be described later. For this,
the ultrasonic probe P may further include a tracked unit P1,
which may be tracked by electromagnetic waves or beams
produced by a tracking unit 700 of the main unit M.
Alternatively, the tracked unit P1 may be implemented with
an acceleration sensor or a gravity sensor for sending
detection results to the tracking unit 700.

[0043] Referring to FIG. 2, the main unit M may include
a beamformer 100, an image processor 200, a storage 300,
a controller 600, an input unit 500, a display 400, and a
tracking unit 700.

[0044] The tracking unit 700 may track the ultrasonic
probe P to obtain information about a position and orienta-
tion of the ultrasonic probe P. In an embodiment of the
present disclosure, the tracking unit 700 may generate
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electromagnetic waves and track the tracked unit P1 that is
responsive to the electromagnetic waves, to obtain informa-
tion about a position and orientation of the ultrasonic probe
P. In addition, the tracking unit 700 may employ an optical
scheme to irradiate beams, e.g., laser beams. If the tracked
unit P1 may be implemented with an acceleration sensor or
a gravity sensor, the tracking unit 700 may use the detection
result from the tracked unit P1 to obtain information about
a position and orientation of the ultrasonic probe P.

[0045] The information about the position and orientation
of the ultrasonic probe P obtained by the tracking unit 700
may be sent to the controller 600.

[0046] The beamformer 100 may beamform ultrasound
signals for the ultrasonic probe P to irradiate ultrasounds, or
beamform echo ultrasound signals received from the ultra-
sonic probe P. Here, beamforming refers to a scheme to
delay and arrange ultrasounds irradiated to a particular point
in the object ob or echo ultrasounds reflected from the
particular point. This is to compensate for time differences
in ultrasounds arriving at the particular point of the object ob
or in echo ultrasounds reflected from the particular point
arriving at the plurality of transducer elements.

[0047] The beamformer 100 may include a transmit beam-
former 110 for beamforming ultrasounds irradiated to the
object ob, and a receive beamformer 120 for beamforming
collected echo ultrasounds.

[0048] The beamformer 100 may employ any beamform-
ing scheme known to the public, or may apply one or a
combination of a plurality of beamforming schemes.
[0049] The echo ultrasound signal beamformed by the
beamformer 100 is sent to the image processor 200 to be
used in creating an ultrasound image.

[0050] The image processor 200 may process the echo
ultrasound signal beamformed by the beamformer 100 to
create an ultrasound image, and send the ultrasound image
to the display 400 to provide the user with anatomical
information of the object. For this, the image processor 200
may be implemented in hardware, such as a microprocessor,
or in software that may be carried out in the hardware.
[0051] The storage 300 may store an external image of the
object ob in advance, which has been acquired by an
external imaging apparatus. Especially, the storage 300 may
store a volume image of the object ob in advance, which
includes volume information of the object ob.

[0052] For example, the storage 300 may store a Comput-
erized Tomography (CT) image of the object ob acquired by
an external CT scanner or a Magnetic Resonance (MR)
image of the object ob acquired by an external Magnetic
Resonance Imaging (MRI) device in advance.

[0053] Furthermore, the storage 300 may store various
information required to control the ultrasonic apparatus 1.
For example, the storage 300 may store registration param-
eters used in registration between an ultrasound image and
an external image.

[0054] For this, the storage unit 300 may be implemented
with at least one type of storage media, such as flash
memories, hard disks, multimedia card micro type memo-
ries, card type memories (e.g., SD or XD memories), Ran-
dom Access Memories (RAMs), Static Random Access
Memories (SRAMs), Read-Only Memories (ROMs), Elec-
trically Erasable Programmable Read-Only Memories (EE-
PROMs), Programmable Read-Only Memories (PROMs),
magnetic memories, magnetic disks, and optical disks.
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[0055] Although the storage 300 of FIG. 2 is equipped in
the main unit M, the storage 300 may be linked to the main
unit M through an external interface of the main unit M in
another embodiment. Alternatively, the storage 300 may be
implemented in e.g., an external server that makes up a
network common to the ultrasonic apparatus 1.

[0056] The display 400 may display an ultrasound image
created by the image processor 200. The user may visually
perceive anatomical information of the object ob from the
ultrasound image displayed through the display 400.
[0057] Furthermore, the display 400 may display an exter-
nal image stored in advance in the storage 300. Especially,
if the external image includes a volume image of the object
ob, the display 400 may display one of cross-sectional
images of the object ob that make up the volume image.
[0058] In addition, the display 400 may display an ultra-
sound image and an external image at the same time. For
example, the display 400 may display registered ultrasound
image and external image.

[0059] Although the single display 400 is arranged in FIG.
1, the display 400 may be implemented in the multiple
number of displays in another embodiment. In this case, one
of the multiple displays 400 displays an ultrasound image
while another of them displays an external image.

[0060] The input unit 500 is arranged in the main unit M
for receiving commands related to operation of the ultra-
sonic apparatus 1. For example, the input unit 500 may
receive a command to start ultrasound diagnosis or a com-
mand to make a mode selection for an ultrasound image.
[0061] Furthermore, the input unit 500 may receive a
command to select a feature point for registration between
an ultrasound image and an external image. This will be
described in more detail later.

[0062] The input unit 500 may include various means for
the user to input control commands, such as a keyboard, a
mouse, a trackball, a tablet, a touch screen module, etc.
[0063] The controller 600 may control the respective
components of the ultrasonic apparatus 1 according to a
control command of the user input through the input unit 500
or according to the internal operation.

[0064] Furthermore, the controller 600 may register an
ultrasound image created by the image processor 200 and an
external image stored in advance in the storage 300, and
control the display 400 to display the registered two images.
[0065] To register the ultrasound image and external
image, the controller 600 may first acquire a transformation
matrix for registration. Specifically, the controller 600 may
acquire a rotation transformation matrix for rotation trans-
formation of a coordinate axis and a position transformation
matrix for moving the position of a coordinate axis. How to
acquire the rotation transformation matrix will be described
first, and how to acquire the position transformation matrix
will be followed.

[0066] To acquire a rotation transformation matrix, the
controller 600 may set a reference coordinate system and
transform a coordinate system applied to an ultrasound
image to the reference coordinate system. The reference
coordinate system as herein used may refer to a coordinate
system having the origin set to be a position of the tracking
unit 700 that produces electromagnetic waves to track the
tracked unit P1 of the ultrasonic probe P.

[0067] Subsequently. the input unit 500 may receive a
control command from the user to select a cross-sectional
image of the object ob at a particular position from among
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external images. The user may check an ultrasound image
being displayed on the display 400 and then select a cross-
sectional image of the object ob at the same position as that
of the ultrasound image from among cross-sectional images
that make up a volume image of the object ob.

[0068] The controller 600 may then transform a coordinate
system applied to the selected cross-sectional image of the
object ob to a coordinate system of the whole volume image.
The coordinate system of the volume image may have
coronal, Sagittal, and axial planes.

[0069] Finally, the controller 600 may acquire a rotation
transformation matrix to transform the reference coordinate
system to the coordinate system of the volume image. For
this, the controller 600 may calculate an extent of deviation,
i.e., a rotation angle of the coordinate system of the volume
image with respect to the reference coordinate system.
[0070] After the rotation transformation matrix is
acquired, the input unit 500 may receive a command from
the user to select a feature point, which refers to an ana-
tomically identical position on the ultrasound image and the
cross-sectional image. For example, the user may select a
feature point on the ultrasound image, and then select a
feature point on the external image at the anatomically
identical position as the feature point on the ultrasound
image. Alternatively, the user may select a feature point on
the external image, and then select a feature point on the
ultrasound image at the anatomically identical position as
the feature point on the external image.

[0071] In the following description, for convenience of
explanation, it is assumed that a feature point of an ultra-
sound image is selected first and a feature point of an
external image is selected next.

[0072] Once the feature points are selected, the controller
600 may transform coordinates of the feature point on the
ultrasound image into the reference coordinate system.
Since the position and orientation information of the ultra-
sonic probe P may be obtained by the tracking unit 700, the
controller 600 may use the information to obtain the coor-
dinates of the feature point of the ultrasound image in the
reference coordinate system.

[0073] Also, the controller 600 may transform coordinates
of the feature point on an external image into the coordinate
system of the volume image.

[0074] Lastly, the controller 600 may acquire a translation
transformation matrix to transform the reference coordinate
system to the coordinate system of the volume image. For
this, the controller 600 may calculate a difference in coor-
dinates of a feature point between the ultrasound image in
the reference coordinate system and the external image in
the coordinate system of the volume image.

[0075] After acquiring the transformation matrix through
the above procedure, the controller 600 may register the
external image with the displayed ultrasound image in real
time. Furthermore, the controller 600 may control the dis-
play 400 to display the registered ultrasound image and
external image together.

[0076] Referring to FIG. 3, the display 400 may display
the ultrasound image in a predetermined first area 410 and
the external image registered with the ultrasound image in a
predetermined second area 420.

[0077] In the meantime, the user may perform ultrasonic
diagnosis while moving the ultrasonic probe P. Accordingly,
the display 400 may display an ultrasound image at a
position of the object ob according to the movement of the
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ultrasonic probe P, and simultaneously display an external
image registered with the ultrasound image in real time.
[0078] At this time, there may be a registration error
between the ultrasound image and the external image. The
registration method as described above is performed based
on the assumption of image registration for a rigid body, but
the human body is actually a non-rigid body, so the regis-
tration might become less accurate.

[0079] For example, if the coordinate system is changed
due to a movement of the object ob, such as breathing,
registration is performed on an object image in which a
plurality of feature points are set, or there exists an error in
selecting a feature point on a volume image, the registration
may be inaccurately performed.

[0080] Especially, in a case the object ob is a large organ,
such as the liver, it 1s difficult to acquire an ultrasound image
for the whole object ob through one time ultrasound scan-
ning, and thus an anatomical position error might occur in
selecting a feature point, which may cause a registration
error.

[0081] In such a case, initial registration is performed on
an organ allowing the user to relatively accurately select a
feature point therein, such as a vein, and then re-registration
may be performed by selecting a feature point for the object
located in close proximity to the organ. In the re-registration,
the rotation transformation matrix for the rotation angle may
remains the same, while the translation transformation
matrix acquired based on a difference in feature point
coordinates between the two images may be re-calculated.

[0082] FIG. 4 shows registered ultrasound image and
external image with a registration error, which is displayed
on a display. according to an embodiment of the present
disclosure, and FIGS. 5A to 5C show a cursor for re-
registration displayed on a display, according to an embodi-
ment of the present disclosure.

[0083] As described above, FIG. 3 shows registration
between an ultrasound image and an external image without
an error. In contrast, it is seen from FIG. 4 that there exists
an error between an anatomical position in which an ultra-
sound image appears and an anatomical position in which an
external image appears.

[0084] In this case, the input unit 500 may receive a
re-registration command from the user. Upon reception of
the re-registration command, the controller 600 may control
the display 400 to display a cursor for feature point re-
selection.

[0085] Referring to FIG. 5A, the display 400 may display
a first cursor 411 for feature point re-selection on the
ultrasound image. The input unit 500 may receive a cursor
movement command, and the controller 600 may control the
display 400 to move the first cursor 411 in response to the
cursor movement command.

[0086] Referring to FIG. 5B, when the first cursor 411
reaches a point to be reselected as a feature point, the input
unit 500 may receive a feature point re-selection command
for the ultrasound image. The controller 600 may then
reselect the point of the first cursor 411 as a feature point on
the ultrasound image while controlling the display 400 to
display the first cursor 411 in a different color. For example,
the display 400 may display the first cursor 411 in green
while the first cursor 411 is in the movement mode, and upon
reception of the feature point re-selection command, display
the first cursor 411 in red.
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[0087] Furthermore, after the feature point re-selection
command is received for the ultrasound image, the control-
ler 600 may control the display 400 to display a second
cursor 421 for feature point re-selection on the external
image.

[0088] In this regard, the controller 600 may use the
transformation matrix that has been used in previous regis-
tration of the two images to determine where to place the
second cursor 421 on the external image. Specifically, the
controller 600 may obtain corresponding coordinates on the
external image by applying the transformation matrix to the
coordinates of the feature point on the ultrasound image. The
controller 600 may display the second cursor 421 on the
obtained coordinates.

[0089] If re-registration is performed following the previ-
ous image registration, there may not typically be significant
registration error. Accordingly, once a point for the second
cursor 421 to be displayed on the external image is deter-
mined by using the transformation matrix that has been used
in the previous image registration, it is more likely to have
a point to be reselected as a feature point in close proximity
to the point where the second cursor 421 is displayed. As a
result, the user may easily reselect the feature point, thereby
reducing time spent on registration.

[0090] After the second cursor 4210 is displayed on the
external image, the input unit 500 may receive a cursor
movement command, and the controller 600 may control the
display 400 to move the second cursor 421 in response to the
cursor movement command.

[0091] Lastly, referring to FIG. 5C, when the second
cursor 421 reaches a point to be reselected as a feature point,
the input unit 500 may receive a feature point re-selection
command for the external image. The controller 600 may
then reselect the point of the second cursor 421 as a feature
point on the external image while controlling the display 400
to display the second cursor 421 in a different color. For
example, the display 400 may display the second cursor 421
in green while the second cursor 421 is in the movement
mode, and upon reception of the feature point re-selection
command, display the second cursor 421 in red.

[0092] Once the feature points are reselected on the ultra-
sound image and external image, the controller 600 may
reset the transformation matrix using coordinates of the
selected feature points.

[0093] In addition to the aforementioned method, other
various methods may be used to display various screens on
the display 400 for re-selection of feature points.

[0094] FIGS. 6A to 6C show a cursor for re-registration
displayed on a display, according to another embodiment of
the present disclosure.

[0095] The input unit 500 may receive a re-registration
command from the user. Upon reception of the re-registra-
tion command, the controller 600 may control the display
400 to display a cursor for feature point re-selection.
[0096] Referring to FIG. 6A, the display 400 may display
cursors 411, 421 for re-selection of feature points on the
ultrasound image and the external image. The input unit 500
may receive a cursor movement command, and the control-
ler 600 may control the display 400 to move the cursor 411
or 421 in response to the cursor movement command.
[0097] In this regard, the controller 600 may use the
transformation matrix that has been used in previous regis-
tration of the two images to determine where to place the
second cursor 421 on the external image. Specifically, the
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controller 600 may obtain corresponding coordinates on the
external image by applying the transformation matrix to the
coordinates of the feature point on the ultrasound image. The
controller 600 may display the second cursor 421 on the
obtained coordinates.

[0098] In this case, a registration error of the two images
may be visvally determined by comparing a difference
between the first cursor 411 and second cursor 421 moving
on the ultrasound image and external image, respectively.

[0099] Referring to FIG. 6B, when the first cursor 411
reaches a point to be reselected as a feature point, the input
unit 500 may receive a feature point re-selection command
for the ultrasound image. The controller 600 may then
reselect the point of the first cursor 411 as a feature point on
the ultrasound image while controlling the display 400 to
display the first cursor 411 in a different color. For example,
the display 400 may display the first cursor 411 in green
while the first cursor 411 is in the movement mode, and upon
reception of the feature point re-selection command, display
the first cursor 411 in red.

[0100] Subsequently. the input unit 500 may receive a
cursor movement command for the external image. In
response to the cursor movement command, the controller
600 may control the display 400 to move the displayed
second cursor 421

[0101] Lastly, referring to FIG. 6C, when the second
cursor 421 reaches a point to be reselected as a feature point,
the input unit 500 may receive a feature point re-selection
command for the external image. The controller 600 may
then reselect the point of the second cursor 421 as a feature
point on the external image while controlling the display 400
to display the second cursor 421 in a different color. For
example, the display 400 may display the second cursor 421
in green while the second cursor 421 is in the movement
mode, and upon reception of the feature point re-selection
command, display the second cursor 421 in red.

[0102] Once the feature points are reselected on the ultra-
sound image and external image, the controller 600 may
reset the transformation matrix using coordinates of the
selected feature points.

[0103] FIGS. 7A and 7B show a cursor for re-registration
displayed on a display, according to another embodiment of
the present disclosure.

[0104] Referring to FIG. 7A, when the first cursor 411
reaches a point to be reselected as a feature point on the
ultrasound image, the input unit 500 may receive a feature
point re-selection command for the ultrasound image. In
response to the command, the controller 600 may reselect a
point of the first cursor 411 as a feature point on the
ultrasound image while controlling the display 400 to dis-
play the first cursor 411 in a different color.

[0105] Furthermore, after the feature point re-selection
command is received for the ultrasound image, the control-
ler 600 may control the display 400 to display a second
cursor 421 for feature point re-selection on the external
image.

[0106] In this regard, the controller 600 may use the
transformation matrix that has been used in previous regis-
tration of the two images to determine where to place the
second cursor 421 on the external image. Specifically, the
controller 600 may obtain corresponding coordinates on the
external image by applying the transformation matrix to the
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feature coordinates on the ultrasound image. The controller
600 may display the second cursor 421 on the obtained
coordinates.

[0107] Furthermore, the controller 600 may set the point
of the second cursor 421 on the external image as a seed
point to control the image processor 200 to perform seg-
mentation. With the segmentation, the image processor 200
may extract an area including the point of the second cursor
421 on the external image.

[0108] Once the area including the point of the second
cursor 421 is extracted, the controller 600 may control the
display 400 to display the area with some emphasis. Since
a feature point to be reselected may exist in close proximity
to the point of the second cursor 421, it is more likely for the
feature point to be include in the area having the point of the
second cursor 421. Accordingly, the user may easily reselect
the feature point by displaying with emphasis on the area
including the point of the second cursor 421.

[0109] Lastly, referring to FIG. 7B, when the second
cursor 421 reaches a point to be reselected as a feature point,
the input unit 500 may receive a feature point re-selection
command for the external image. As in the previous embodi-
ments, in response to the command, the controller 600 may
reselect the point of the second cursor 421 as a feature point
on the external image while controlling the display 400 to
display the second cursor 421 in a different color.

[0110] Once the feature points are reselected on the ultra-
sound image and external image, the controller 600 may
reset the transformation matrix using coordinates of the
selected feature points.

[0111] In re-registration, there may be various embodi-
ments of a user input method. For example, the re-registra-
tion command or the feature point re-selection command
may be input by pressing a corresponding key or button in
the input unit 500. In another example, the re-registration
command or the feature point re-selection command may be
input by clicking a corresponding icon in a user interface
(UI) displayed on the display 400.

[0112] In still another example, the re-registration com-
mand or the feature point re-selection command may be
input by pressing or releasing a predetermined key or button.
For example, when the predetermined key is pressed, re-
registration is started and the display 400 may display the
first cursor 411 on the ultrasound image. While the prede-
termined key remains pressed, the input unit 500 may
receive a cursor movement command. When the pressure on
the predetermined key is released, the input unit 500 may
receive a command to reselect the point of the first cursor
411 at that moment as a feature point.

[0113] FIG. 8 is a flowchart illustrating a method for
controlling an ultrasonic apparatus, according to an embodi-
ment of the present disclosure.

[0114] First, the ultrasonic apparatus 1 may display an
ultrasound image and an external image, which are regis-
tered by a predetermined transformation matrix, in operation
900. Specifically, the controller 600 of the ultrasound appa-
ratus 1 may acquire a transformation matrix for registration,
and register the ultrasound image and the external image
using the transformation matrix. Next, the display 400 of the
ultrasonic apparatus 1 may simultaneously display the reg-
istered ultrasound image and external image at the same
time.

[0115] The ultrasonic apparatus 1 may determine whether
a re-registration command has been input, in operation 910.
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If no re-registration command has been input, the ultrasonic
apparatus 1 may repeatedly determine whether a re-regis-
tration command has been input.

[0116] Otherwise, if a re-registration command has been
input, the ultrasonic apparatus 1 may display a cursor for
re-selection of a feature point on the ultrasound image, in
operation 920. The ultrasonic apparatus I may receive a
cursor movement command, and move the cursor to a point
corresponding to the command.

[0117] The ultrasonic apparatus 1 may determine whether
a feature point re-selection command for the ultrasound
image has been received, in operation 930. If the feature
point re-selection command has not been input, the ultra-
sonic apparatus 1 may repeatedly determine whether the
feature point re-selection command has been input.

[0118] Otherwise, if the feature point re-selection com-
mand has been input, the ultrasonic apparatus 1 may perform
position transformation on the reselected feature point on the
ultrasound image using a transformation matrix, in operation
940. The transformed position may refer to a position in the
coordinate system applied to the external image.

[0119] Lastly, the ultrasonic apparatus I may display a
cursor for feature point re-selection at the transformed
position on the external image, in operation 950. Since an
error in registration between the ultrasound image and the
external image is not significant, it is more likely that a
feature point to be reselected exists in close proximity to a
point where the cursor is displayed. Accordingly, the user
may easily select the feature point, thereby reducing time
spent on re-registration.

[0120] It has thus far been described that in registration
and re-registration between an ultrasound image and an
external image, a feature point on the ultrasound image is
first selected and then a cursor is displayed on the external
image at a point corresponding to the selected feature point.
However, in some other embodiments, it is also possible to
select a feature point on the external image first and then
display a cursor on the ultrasound image at a position
corresponding to the selected feature point. In addition, in
other embodiments, a feature point for one of the ultrasound
image and the external image may be automatically selected
by internal computation of the ultrasonic apparatus I, and
then a cursor may be displayed on the other one of the
ultrasound image and the external image at a point corre-
sponding to the selected feature point.

[0121] According to embodiments of the present disclo-
sure, a distance between a cursor and a feature point may be
short by displaying the cursor on a point determined based
on a registration parameter that was used in previous reg-
istration.

[0122] As a result, the user may select the feature point
more quickly, thereby reducing time spent on re-registration
of an ultrasound image and an external image.

DESCRIPTION OF THE SYMBOLS

[0123] 1: ULTRASONIC APPARATUS
[0124] P: ULTRASONIC PROBE
[0125] M: MAIN UNIT

[0126] 200: IMAGE PROCESSOR
[0127] 300: STORAGE

[0128] 400: DISPLAY

[0129] 500: INPUT UNIT

[0130] 600: CONTROLLER
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What is claimed is:

1. An ultrasonic apparatus comprising:

a controller for using a difference in coordinates between

a first feature point of an ultrasound image and a second
feature point of an external image with respect to a
reference coordinate system, to register the ultrasound
image and the external image;

a display for displaying the registered ultrasound image

and external image; and

an input unit for receiving a command to select third and

fourth feature points for re-registration,

wherein the controller is configured to, once the third

feature point of one of the ultrasound image and the
external image is selected, control the display to dis-
play a cursor for selection of the fourth feature point at
a position corresponding to the third feature point on
the other one of the ultrasound image and the external
image by means of the difference.

2. The ultrasonic apparatus of claim 1, wherein the
controller is configured to control the display to display at
least one of a first cursor for selection of the third feature
point and a second cursor for selection of the fourth feature
point.

3. The ultrasonic apparatus of claim 2, wherein the
controller is configured to, while the first and second cursors
are displayed at the same time, if the first cursor is moved
to select the third feature point, control the display to display
the second cursor at a position corresponding to the moved
position of the first cursor by means of the difference.

4. The ultrasonic apparatus of claim 2, wherein the
controller is configured to control the display to display the
first cursor in a changed color, once the third feature point
is selected.

5. The ultrasonic apparatus of claim 2, wherein the
controller is configured to control the display to display an
area with emphasis, the area including the position of the
second cursor determined by the difference, once the third
feature point is selected.
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6. A method for controlling an ultrasonic apparatus, the
method comprising:

using a difference in coordinates between a first feature
point of an ultrasound image and a second feature point
of an external image with respect to a reference coor-
dinate system, to register the ultrasound image and the
external image:

displaying the registered ultrasound image and external
image; and

receiving a re-registration command; and

once a third feature point of one of the ultrasound image
and the external image is selected for re-registration,
displaying a cursor for selection of a fourth feature
point at a position corresponding to the third feature
point on the other one of the ultrasound image and the
external image by means of the difference.

7. The method of claim 6, wherein displaying a cursor for

selection of a fourth feature point comprises

displaying a first cursor for selection of the third feature
point;

receiving a command to select the position of the first
cursor to be the third feature point; and

displaying a second cursor for selection of the fourth
feature point at a position corresponding to the third
feature point by means of the difference.

8. The method of claim 7, further comprising:

once the first cursor is moved to select the third feature
point, displaying the second cursor on a position cor-
responding to a moved position of the first cursor by
means of the difference.

9. The method of claim 7, further comprising:

displaying the first cursor in a changed color, once the
third feature point is selected.

10. The method of claim 7, further comprising:

displaying an area with emphasis, the area including the
position of the second cursor determined by the differ-
ence, once the third feature point is selected.
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