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(57) ABSTRACT

Disclosed are an ultrasonic apparatus for displaying one of
an ultrasonic image, an external image and a composite
image thereof by recognizing the position of eyes of a user,
and a control method thereof. The ultrasonic apparatus
includes a storage configured to store an external image of
an object, an image processor configured to generate a
composite image by registering an ultrasonic image of the
object with respect to the stored external image, a recognizer
configured to recognize a position of eyes of a user, and a
display configured to display one of the ultrasonic image, the
external image and the composite image of the ultrasonic
image and the external image, based on the recognized
position of the eyes of the user.
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ULTRASONIC APPARATUS AND METHOD
OF CONTROLLING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority from Korean Patent
Application No. 10-2014-0097122, filed on Jul. 30, 2014 in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference in its entirety.

BACKGROUND

1. Field

Exemplary embodiments relate to an ultrasonic apparatus
for imaging an ultrasonic signal, and a method of controlling
the same.

2. Description of the Related Art

An ultrasonic diagnosis apparatus operates to irradiate
ultrasonic waves through the surface of an object toward an
object portion within the object, and the apparatus receives
an ultrasonic echo signal reflected from the object portion in
order to obtain a cross-sectional image of a soft tissue or
bloodstream in a non-invasive manner.

The ultrasonic diagnosis apparatuses are smaller in size
and cheaper compared to other image diagnostic devices.
Thus, these ultrasonic imaging apparatuses are widely used
for heart diagnosis, abdominal diagnosis, urological diag-
nosis and obstetric and gynecological diagnosis.

In recent years, many studies have been conducted on an
ultrasonic diagnosis apparatus for providing a user with a
composite image obtained by combining an ultrasonic image
with a computed tomography (CT) image or and a magnetic
resonance (MR) image. Such an ultrasonic diagnosis appa-
ratus is configured to simultaneously or selectively provide
a user with an ultrasonic image, a CT image, an MR image
or a composite image thereof.

SUMMARY

Therefore, it is an aspect of one or more exemplary
embodiments to provide an ultrasonic apparatus capable of
displaying one of an ultrasonic image, an external image and
a composite image of the ultrasonic image and the external
image by recognizing the position of eyes of a user, and a
method of controlling the same.

Additional aspects of the exemplary embodiments 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 exemplary embodiments.

In accordance with one aspect, an ultrasonic apparatus
includes a storage, an image processor, a recognizer, and a
display. The storage may be configured to store an external
image of an object. The image processor may be configured
to generate a composite image by registering an ultrasonic
image of the object with respect to the stored external image.
The recognizer may be configured to recognize a position of
eyes of a user. The display may be configured to display one
of the ultrasonic image, the external image and the compos-
ite image of the ultrasonic image and the external image,
based on the recognized position of the eyes of the user.

In accordance with one aspect of one or more exemplary
embodiments, a method for controlling an ultrasonic appa-
ratus includes: generating a composite image by registering
an ultrasonic image of an object with respect to an external
image of the object; recognizing a position of eyes of a user;
and displaying one of the ultrasonic image, the external
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image and the composite image, based on the recognized
position of the eyes of the user.

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 1 is a perspective view illustrating an ultrasonic
apparatus, in accordance with one exemplary embodiment;

FIGS. 2A and 2B are perspective views illustrating ultra-
sonic probes depending on arrangement of transducer ele-
ments, in accordance with various exemplary embodiments;

FIGS. 3A, 3B, and 3C are block diagrams illustrating
ultrasonic apparatuses, in accordance with various exem-
plary embodiments;

FIG. 4 is a view describing a method of recognizing the
position of eyes of a user in a controller of an ultrasonic
apparatus, in accordance with an exemplary embodiment;

FIGS. 5A, 5B, and 5C are views illustrating a display
method of an ultrasonic apparatus, in accordance with an
exemplary embodiment;

FIG. 6 is a view illustrating a display method of an
ultrasonic apparatus, in accordance with another exemplary
embodiment;

FIG. 7 is a flowchart showing a method of controlling an
ultrasonic apparatus, in accordance with an exemplary
embodiment;

FIG. 8 is a flowchart showing a method of controlling an
ultrasonic apparatus, in accordance with another exemplary
embodiment;

FIG. 9 is a flowchart showing a method of controlling an
ultrasonic apparatus, in accordance with still another exem-
plary embodiment;

FIG. 10 is a flowchart showing a method of controlling an
ultrasonic apparatus, in accordance with still another exem-
plary embodiment;

FIG. 11 is a flowchart showing a method of controlling an
ultrasonic apparatus, in accordance with still another exem-
plary embodiment; and

FIG. 12 is a flowchart showing a method of controlling an
ultrasonic apparatus, in accordance with still another exem-
plary embodiment.

DETAILED DESCRIPTION

Reference will now be made in detail to exemplary
embodiments, examples of which are illustrated in the
accompanying drawings, wherein like reference numerals
refer to like elements throughout.

FIG. 1 is a perspective view illustrating an ultrasonic
apparatus, in accordance with one exemplary embodiment.
Referring to FIG. 1, an ultrasonic apparatus includes a main
body 100, an ultrasonic probe 200, an input (also referred to
herein as an “input unit”) 150 and a display 160.

One or more female connectors 145 may be provided at
one side of the main body 100. A male connector 140
connected to a cable 130 may be physically coupled to the
female connector 145.

Meanwhile, a plurality of casters (not shown) may be
provided at a lower portion of the main body 100 for
mobility of the ultrasonic apparatus. The plurality of casters
may be provided to enable the ultrasonic apparatus to be
fixed to a certain location or to be moved in a particular
direction. Such an ultrasonic apparatus may be referred to as
a cart type ultrasonic apparatus.
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Alternatively, different from FIG. 1, the ultrasonic appa-
ratus may be provided as a portable ultrasonic apparatus that
may be portable while in a remote movement. In this case,
the portable ultrasonic apparatus may be not provided with
a caster. Examples of the portable ultrasonic apparatus may
include PACS Viewer, smart phone, lap top computer, PDA,
and table PC, but the portable ultrasonic apparatus is not
limited thereto.

The ultrasonic probe 200 is a portion which makes contact
with a body surface of an object, and may be configured to
transmit and receive an ultrasonic wave. Specifically, the
ultrasonic probe 200, according to a transmission signal
which is provided from the main body 100, transmits an
ultrasonic signal to the inside of the object, receives an
ultrasonic echo signal reflected from a specific portion inside
the object, and transmits the received ultrasonic echo signal
to the main body 100.

The cable 130 may have one end connected to the
ultrasonic probe 200 and the other end connected to the male
connector 140. The male connector 140 connected to the
other end of the cable 130 may be physically coupled to the
female connector 145 of the main body 100.

Alternatively, different from FIG. 1, the ultrasonic probe
200 may be connected to the main body in a wireless
scheme. In this case, the ultrasonic probe 200 may transmit
the ultrasonic echo signal, which is received from the object,
to the main body. In addition, a single main body may be
connected to a plurality of ultrasonic probes 200.

The ultrasonic probe 200 may be classified based on an
arrangement of transducer elements 210.

FIGS. 2A and 2B are perspective views illustrating ultra-
sonic probes depending on arrangement of transducer ele-
ments, in accordance with various exemplary embodiments.
FIG. 2A is a view illustrating a one-dimensional array probe,
and FIG. 2B is a view illustrating a two-dimensional array
probe.

The type of the ultrasonic probe 200 may be classified in
accordance with the arrangement of transducer elements
210. Referring to FIG. 2A, the ultrasonic probe 200 having
transducer elements 210 arranged on one surface thereof in
a 1D manner is referred to as an one-dimensional (1D) array
probe. The one-dimensional (1D) array probe includes a
linear array probe in which the transducer elements 210 are
arranged in a straight line, a phased array probe, and a
convex array probe in which the transducer elements 210 are
arranged in a curved line. Unlike this, the ultrasonic probe
200 having the transducer elements 210 arranged in a 2D
manner is referred to as a 2D array probe. As shown in FIG.
2B, the transducer elements 210 may be arranged on one
surface of the 2D array probe 200 while forming a flat
surface. Alternatively, the transducer elements 210 may be
arranged on one surface of the 2D array probe 200 while
forming a curved surface.

Referring again to FIG. 1, the main body may include an
image processor 170 configured to convert an ultrasonic
echo signal received by the ultrasonic probe 200 into an
ultrasonic image. The image processor 170 may be imple-
mented as hardware, such as a microprocessor, or may be
implemented as software executed on hardware.

The image processor 170 may generate an ultrasonic
image by performing a scan conversion on the ultrasonic
echo signal. The ultrasonic image may include not only a
gray scale image obtained by scanning an object in an
amplitude mode (A-mode), a brightness mode (B-mode), or
a motion mode (M-mode), but also a Doppler image that
represents a moving object by using a Doppler effect. The
Doppler image includes a tissue Doppler image which
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4

represents movement of tissues and a spectral Doppler
image which represents the moving speed of an object as a
waveform.

The image processor 170, in order to generate a B-mode
image, may extract a B-mode component from the ultrasonic
echo signal received by the ultrasonic probe 200. The image
processor 170 may generate an ultrasonic image that repre-
sents the intensity of an ultrasonic echo signal as a bright-
ness, based on the B-mode component.

Similarly, the image processor 170 may extract a Doppler
component from the ultrasonic echo signal, and generate a
Doppler image that represents the movement of an object as
a color or waveform, based on the extracted Doppler com-
ponent.

In addition, the image processor 170, by performing a
volume rendering on the volume data acquired via the
ultrasonic echo signal, may generate a 3D ultrasonic image,
and also generate an elasticity image which shows a degree
to which an object is deformed by pressure. In addition, the
image processor may represent various types of additional
information on the ultrasonic image in the form of texts and
graphics.

Meanwhile, the generated ultrasonic image may be stored
inside the main body or in a storage 400 outside the main
body. Alternatively, the ultrasonic image may be storage in
a web storage configured to perform a storage function on
the web, or in a cloud server.

The input unit 150 is configured to receive a command
associated with an operation of the ultrasonic apparatus. For
example, the input unit 150 may receive a command for
selecting a mode(s) such as an A-mode, a B-mode, and/or a
M-mode or a Doppler image mode. In addition, the input
unit 150 may receive a start command for an ultrasonic
diagnosis.

The command received via the input unit 150 may be
transmitted to the main body 100 over wired or wireless
communication.

The input unit 150 may include, for example, at least one
of a keyboard, a foot switch, and a foot pedal. The keyboard
may be implemented as hardware and positioned on an
upper portion of the main body 100. The keyboard may
include at least one of a switch, a key, a joystick, and a tack
ball. Alternatively, the keyboard may be implemented as
software such as a graphical user interface. In this regard, the
keyboard may be displayed on a main display 161 or a sub
display 162. The foot switch or foot pedal may be disposed
at a lower portion of the main body 100. The user may
control an operation of the ultrasonic apparatus by using the
foot pedal.

The display 160 may include the main display 161 and the
sub display 162.

The sub display 162 may be disposed at the main body
100. FIG. 1 illustrates that the sub display 162 is disposed on
the input unit 150. The sub display 162 may display an
application associated with an operation of the ultrasonic
apparatus. For example, the sub display 162 may display a
menu or instruction required for an ultrasonic diagnosis. The
sub display 162 may include any of a cathode ray tube
(CRT), a liquid crystal display (LCD), and/or the like.

The main display 161 may be disposed at the main body
100. In FIG. 1, the main display 161 is disposed over the sub
display 162. The main display 161 may display an ultrasonic
image acquired during the ultrasonic diagnosis, according to
an input applied to the input unit 150. The main display 161
may include any of a CRT, an LCD, and/or the like in the
same manner as the sub display 162. FIG. 1 illustrates that
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the main display 161 is coupled to the main body 100.
However, the main display 161 may be detachably disposed
on the main body 100.

In FIG. 1, the ultrasonic apparatus is provided with both
the main display 161 and the sub display 162. However, the
sub display 162 may be omitted if necessary. In this case, the
application or menu displayed on the sub display 162 may
be displayed on the main display 161.

The display 160 may be designed such that a three
dimensional image is provided to a user. In detail, the
display 160 may be designed such that the left eye and the
right eye of a user recognize different images, respectively,
and thus receive a three dimensional image based on a
binocular parallax.

The display 160 may adopt a stereoscopic method or an
autostereoscopic method such that a user recognizes a three
dimensional image.

The stereoscopic method may be achieved by using
glasses, for example, polarizer glasses or LC shutter glasses,
configured to represent a three dimensional image. The
autostereoscopic method may be achieved by using devices,
such as a lenticular lens, a parallax barrier, and a parallax
illumination, such that a three dimensional image is viewed
with the naked eye.

In addition, the display 160 may further include a camera
configured to a capture a sightline of a user. Details thereof
will be described below.

Meanwhile, the ultrasonic apparatus may further include
a communication unit (also referred to herein as a “com-
municator” and/or as a “transceiver”). The communication
unit is connected to a network 500 in a wired or wireless
scheme, to communicate with an external apparatus or an
external server. The communication unit may exchange data
with a hospital server connected via a Picture Archiving and
Communication System (PACS) or other medical devices in
a hospital. In addition, the communication unit may perform
a data communication according to standards for Digital
Imaging and Communications in Medicine (DICOM).

The communication unit may transmit and receive object
diagnosis-related data, such as ultrasonic images, ultrasonic
echo signals, and Doppler data of an object, through the
network 500, and may transmit and receive a medical image
photographed by another medical device, for example, CT,
MRI and X-ray images. In addition, the communication unit
may receive information which relates to a diagnosis history
of a patient or a treatment plan from the server, and use the
received information for diagnosis. In addition, the commu-
nication unit may perform a data communication with a
portable terminal of a doctor or a patient.

The communication unit is connected to the network 500
in a wired or wireless scheme, to exchange data with a
server, a medical device or a portable terminal. The com-
munication unit may include one or more elements that
facilitate communication with an external device, for
example, a near field communication module, a wired com-
munication module and a mobile communication module.

The near field communication module represents a mod-
ule configured to perform a near field communication within
a predetermined range. Examples of the near field commu-
nication technology according to an exemplary embodiment
may include any of Wireless LAN, Wi-Fi, Bluetooth, Zig-
bee, Wi-Fi Direct (WFD), Ultra wideband (UWB), Infrared
Data Association (IrDA), Bluetooth Low Energy (BLE), and
Near Field Communication (NFC), but is not limited thereto.

The wired communication module represents a module
configured to perform a communication by using an electric
signal or an optical signal. Examples of the wired commu-
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nication technology according to an exemplary embodiment
may include any of a pair cable, a coaxial cable, an optical
fiber cable and an Ethernet cable.

The mobile communication module is configured to trans-
mit and/or receive a wireless signal with at least one of a
base station, an external terminal and an external server. The
wireless signal may include any of an audio call signal, a
video call signal, or various type of data according to
transmission and reception of text/multimedia messages.

FIGS. 3A, 3B, and 3C are block diagrams illustrating
ultrasonic apparatuses, in accordance with various exem-
plary embodiments.

Referring to FIG. 3A, the ultrasonic apparatus includes
the ultrasonic probe 200 configured to irradiate ultrasonic
waves toward an object ob, and to receive the ultrasonic
echo waves reflected from the object ob, a beamformer 190
configured to collect ultrasonic waves or echo ultrasonic
waves, the image processor 170 configured to generate an
ultrasonic image based on the collected echo ultrasonic
waves; and the display 160 configured to display the gen-
erated ultrasonic image.

In addition, the ultrasonic apparatus may further include
arecognizer 300 configured to recognize the position of eyes
of a user. In detail, the recognizer 300 may include a camera
310 configured to acquire an image which includes the eyes
of a user; and a controller 320 configured to determine the
position of the eyes of a user, based on the position of the
eyes in the acquired image. Hereinafter, parts identical to
those of the above description of FIG. 1 will be omitted, and
the following description will be made in relation to an
ultrasonic apparatus according to an exemplary embodiment
that is configured to display a different image according to
the sightline of a user.

As described above, the ultrasonic probe 20 may acquire
echo ultrasonic waves which include internal data which
relates to an object ob. The internal data which relates to an
object may include data which relates to a cross section of
the object ob, and volume data which includes a plurality of
pieces of cross section data.

In particular, in order to acquire the volume data about an
object ob, a 1D array probe may acquire a plurality of pieces
of plane data via a user’s manipulation, or acquire a plurality
of pieces of plane data via mechanical movement.

Different from the 1D array probe, the 2D array probe
may acquire volume data about an object ob by irradiating
and steering ultrasonic waves. In this case, it is possible to
acquire a volume data by irradiating ultrasonic waves in the
form of a plane wave.

If the ultrasonic probe 200 receives echo ultrasonic
waves, the beamformer 190 may collect the received echo
ultrasonic waves. The beamformer 190 may perform beam-
forming by adopting any one of generally known beam-
forming methods.

The image processor 170 may generate ultrasonic images
based on the collected echo ultrasonic waves. In addition,
the image processor 170 may receive an external image of
an object ob from an external apparatus, and may combine
the external image with the ultrasonic image by registering
the external image with respect to the ultrasonic image.

The external apparatus represents an apparatus configured
to generate a photography image by photographing an object
ob, and the external apparatus may include a magnetic
resonance imaging apparatus M and a computerized tomog-
raphy apparatus C. In addition, the external image is a
photography image generated by the external apparatus, and
may include an MR image generated by the magnetic
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resonance imaging apparatus M and a CT image generated
by the computerized tomography apparatus C.

Referring to FIG. 3A, the image processor 170 may
directly receive an MR image or a CT image by being
directly connected to the magnetic resonance imaging appa-
ratus M and the computerized tomography apparatus C.
Although not shown in FIG. 3A, the image processor 170
may directly receive a PET image from a positron emission
tomography (PET) apparatus, or may directly receive an
X-ray image from an X-ray imaging apparatus.

The image processor 170 may register the generated
ultrasonic image to an external image received from the
external apparatus. The registering represents alighing coor-
dinate systems of the ultrasonic image and the external
image. As a result, a user may be supplied with different
photography images with respect to the same object ob,
which enhances the precision of diagnosis.

In addition, the image processor 170 may generate a
composite image by combining the ultrasonic image and the
external image that have been registered with respect to each
other. The image compositing represents overlaying differ-
ent images, based on the coordinate systems that are aligned
according to the registration.

In this case, the composition ratio of the compositing
image is determined by ratios of opacity of overlaid images.
For example, a composite image which includes 80% of an
ultrasonic image and 20% of a CT image represents an
image obtained by overlaying an ultrasonic image having an
opacity of 80% with a CT image having an opacity of 20%.

Meanwhile, the camera 310 may acquire an image which
includes eyes E of a user. In this case, the camera 310 may
acquire an image which includes the eyes of a user in real
time. The acquiring of an image in real time represents
capturing a region which includes the eyes of a user accord-
ing to a predetermined frame rate.

To this end, the camera 310 may include a lens configured
to form a focal point by collecting light; and an image
pickup device configured to form an image from light
passing through the lens.

The image pickup device captures an image of eyes E by
forming an optical image with respect to eyes E of a user on
an image plane.

The controller 320 may determine the actual position of
the eyes E of a user based on the position of the eyes in the
image acquired by the camera 310. The position of the eyes
of a user in an image may represent the position of an optical
image of eyes that are imaged on the image plane. In
addition, the actual position of the eyes E of a user may
represent the position of the eyes of a user in a space in
which the user exists. The following description will be
made with reference to FIG. 4 in relation to the controller
320 determining the position of the eyes of a user.

FIG. 4 is a view describing a method for recognizing
position of eyes of a user in the controller of the ultrasonic
apparatus, in accordance with an exemplary embodiment, in
which 1, represents an optical axis of the lens, a region
between I | and I, 1s a region possible to be captured by the
camera 310, and an angle between I, and I, represents an
angle of view of the camera 310. In addition, the description
of FIG. 4 will be made on the assumption that the position
of the eyes E is the middle of a left eye and a right eye.

When the position of the eyes E of a user is changed from
a reference position E, to the current position E,,. an optical
image of the eyes is formed on an image plane P, of the
image pickup device. When a point P, passed by an optical
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axis on the image plane is the origin of a reference coordi-
nate, a difference X between P, and Pm corresponds to the
position of the eyes.

In this case, the difference X may be obtained by using the
number of pixels on the image plane.

After the position X of the eyes in the acquired image is
determined, the controller 320 may determine the actual
position of the eyes of the user. In detail, the controller 320
may acquire an angle 0,, formed between a sightline of the
user (1.e., a direction starting the position of eyes of the user
and oriented at the center of the lens of the camera 310) and
a reference line (i.e., an optical axis).

In this case, the controller 320 may acquire 0,, according
to Equation 1 below.

[Equation 1]

6,, represents an angle between a sightline of a user and
the reference line, and X represents the position of the eyes
in the acquired image, and fl represents a focal distance of
the camera 310.

Meanwhile, the focal distance fl of the camera 310 may be
determined according to Equation 2 below.

[Equation 2]

fl represents the focal distance of the camera 310, w
represents the width of the image plane, and 0, represents %2
of the angle of view of the camera 310.

Although the method for determining the position of eyes
of a user according to an exemplary embodiment is imple-
mented by using Equation 1 and Equation 2, the exemplary
embodiments are not limited thereto. Accordingly, the con-
troller 320 may apply various types of Eye-tracking methods
within the technical field of the exemplary embodiments
with respect to determining the actual position of eyes E
based on the position of the eyes E in an image which
includes the eyes E of a user.

According to Equation 1 and Equation 2, the angle 6,,
formed between the sightline of the user and the reference
line is acquired, and the controller 320 may control the
display 160 to display an image having a type corresponding
to 0,

FIGS. 5A, 5B, and 5C are views illustrating a display
method in the display 160, in accordance with an exemplary
embodiment.

The controller 320 controls the display 160 to display a
composite image of an object ob if the recognized position
of eyes E belongs to a predetermined first region, to display
an ultrasonic image of an object ob if the recognized position
of the eyes E belongs to a predetermined second region, and
to display an external image of an object ob if the recognized
position of the eyes belongs to a predetermined third region.
The description of FIGS. 5A, 5B, and 5C will be made on
the assumption that the external image is a CT image.

FIG. 5A illustrates that eyes E of a user are positioned in
the first region. In FIG. 5A, the first region may represent a
region between dotted lines extending from the camera 310.

If the camera 310 acquires an image which includes eyes
E of a user, the controller 320 may determine the position of
the eyes E of the user based on the acquired image. If the
position of the eyes E of the user is provided in the first
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region, the controller 320 may control the display 160 to
display a composite image of an object ob. In this case, the
composite image is an image obtained by combining an
ultrasonic image of an object ob with a CT image of the
object ob.

FIG. 5B illustrates that eyes E of a user are positioned in
the second region. In FIG. 5B, the second region may
represent a region between dotted lines extending from the
camera 310.

The controller 320 may determine the actual position of
eyes F of the user based on the position of the eyes of a user
in the acquired image. If the determined position of the eyes
E of the user is provided in the second region, the controller
320 may control the display 160 to display an ultrasonic
image of the object ob.

FIG. 5C illustrates that eyes E of a user are provided in the
third region. In FIG. 5C, the third region may represent a
region between dotted lines extending from the camera 310.

The camera 310 may generate an image including eyes E
of a user, and based on the image, the controller 320 may
determine that the eyes E of the user are positioned in the
third region. According to the determination, the controller
320 controls the display 160 to display a CT image of the
object ob.

As described above, without an additional input to select
the type of an image, a user may receive a desired type of
an image corresponding to the change in a sightline of the
user. In particular, a user performs an ultrasonic diagnosis
while grasping the ultrasonic probe 200 with his/her hands,
which may cause difficulty in inputting a command to
control an ultrasonic apparatus. However, the ultrasonic
apparatus according to the exemplary embodiment allows a
user to easily switch an image being displayed, without
requiring the use of the hands of the user.

Meanwhile, since the camera 310 generates an image
which includes the eyes E of a user, the controller 320 also
determines the positions of the eyes E of the user in real
time. Accordingly, the display 160 may display one of an
ultrasonic image, an external image and a composite image
of the ultrasonic image and the external image according to
a predetermined frame rate.

In this case, the controller 320 may control the display
160 to display an image having the same type as that of an
image displayed in a previous frame if the determined
position of the eyes E is identical to the previously deter-
mined position of the eyes E.

The display 160 may display an image having the same
type as that of an image displayed in a n—1? frame if 8,
formed between a sightline determined in a n” frame and the
reference line is equal to 6,,,_, acquired in the n—1% frame.
For example, if the display 160 displays an ultrasonic image
in the n-1" frame, an ultrasonic image is displayed even in
the n™ frame.

In this aspect, if the 0, is identical to the previously
acquired 8, ;, a user does not need to determine a region
to which the sightline of the user belongs. Accordingly, the
controller 320 may rapidly control the display 160.

FIG. 6 is a view illustrating a display method of an
ultrasonic apparatus, in accordance with another exemplary
embodiment. The description of FIG. 6 will be made on the
assumption that the external image is a CT image.

Different from the exemplary embodiment described with
reference to FIGS. 5A, 5B, and 5C, the controller 320 may
control the display 160 to display a composite image com-
bined in a ratio corresponding to the determined position of
eyes E. In detail, the controller 320 may determine a
composition ratio based on the difference between the

10

15

20

25

40

45

60

65

10

determined position of eyes E and a predetermined reference
line, and displays an image based on a combination which
uses the determined composition ratio.

The difference between the position of eyes E and the
reference line may represent an angle between a sightline,
which starts from the position of the eyes E and ends at the
center of the lens, and the reference line.

The controller 320, if the position of the eyes E of a user
is included in the reference line, controls the display 160 to
display a composite image in which is generated by using an
equal ratio of the ultrasonic image and the external image for
performing the combination.

Referring to FIG. 6, when the sightline of a user is aligned
with the reference line, the display is configured to display
an image combined with 50% of an ultrasonic image and
50% of a CT image.

In addition, the controller 320 may control the display 160
to display an image combined in a higher proportion of a
first one of the ultrasonic image and the external image
relative to the other one of the ultrasonic image and the
external image as a difference between the sightline of a user
and the reference line increases.

Referring to FIG. 6, when the eyes E of a user are moved
to the left, the display 160 may display an image combined
in a higher proportion of an ultrasonic image relative to a CT
image. In particular, when the sightline of a user is coinci-
dent with the left side boundary of an angle of view, the
display 160 displays 100% of an ultrasonic image.

Meanwhile, when the eyes E of a user are moved to the
right, the display 160 may display an image combined in a
higher proportion of a CT image relative to an ultrasonic
image. In particular, when the sightline of a user is coinci-
dent with the right side boundary of an angle of view, the
display 160 displays 100% of a CT image.

In particular, when the eyes move in direction A on FIG.
6, a composite image having a higher proportion of an
ultrasonic image is displayed, and when the eyes move in
direction B, a composite image having a higher proportion
of a CT image is displayed.

Alternatively, different from FIG. 6, when the eyes E of a
user are moved to the left, the display 160 may display an
image combined in a higher proportion of a CT image
relative to an ultrasonic image, and when the eyes E of a user
are moved to the right, the display 160 may display an image
combined in a higher proportion of an ultrasonic image
relative to a CT image.

According to the exemplary embodiment described with
reference to FIG. 6, when the position of eyes E of a user is
continuously varied, the composition ratio of an ultrasonic
image and a CT image may be continuously varied. As a
result, a user may be selectively provided with composite
images which are generated by performing combinations
which use various ratios.

In this case, the controller 320, if the determined position
of the eyes E is identical to the previously determined
position of the eyes E, may control the display 160 to display
an image having the same type as that of an image displayed
in a previous frame.

The display 160 may display an image having the same
type as that of an image displayed in a n—1? frame if 8,
formed between a user’s sightline acquired based on the
position of the eyes E determined in a n” frame and the
reference line is equal to O_, acquired in the n-1” frame.
For example, if the display 160 displays a composite image
including 75% of an ultrasonic image and 25% of a CT
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image in the n-1? frame, a composite image including 75%
of an ultrasonic image and 25% of a CT image is displayed
even in the n” frame.

In particular, if the 6,, is identical to the previously
acquired 0 |, the controller 320 may rapidly determine an
image to be displayed.

Referring again to FIG. 3A, the display 160 displays one
of an ultrasonic image, an external image and a composite
image of an ultrasonic image and an external image accord-
ing to control of the controller 320.

In this case, the display 160 may provide one of the
ultrasonic image, the external image and the composite
image in 3D such that a user recognizes the images in 3D.
In this case, the ultrasonic image may be a 3D image
generated based on volume data which relates to an object
ob.

To this end, the display 160 may be designed such that a
left eye and a right eye of a user recognize different images,
respectively. Description thereof has been made above, and
thus the details will be omitted.

Meanwhile, different from FIG. 3A, the image processor
170 may receive an external image via the network. FIG. 3B
illustrates that an ultrasonic apparatus, a magnetic resonance
imaging apparatus M and a computerized tomography appa-
ratus C are connected to the same network.

The ultrasonic apparatus may receive an MR image from
the magnetic resonance imaging apparatus M and/or receive
a CT image from the computerized tomography apparatus C
via the network.

Alternatively, different from FIGS. 3A and 3B, the storage
400 provided in the ultrasonic apparatus may store external
images of an object ob in advance. Referring to FIG. 3C, the
controller 320 may retrieve an external image stored in the
storage 400, and may transmit the external image to the
image processor 170. The image processor 170 receives the
external image stored in the storage 400, registers the
received external image with respect to an ultrasonic image,
and generates a composite image.

FIG. 7 is a flowchart showing a method for controlling an
ultrasonic apparatus in accordance with an exemplary
embodiment. Description of FIG. 7 will be made in relation
to a method for recognizing the position of eyes E of a user.

First, in operation 500, an image which includes eyes E of
a user is generated by using the camera 310. In this case, the
camera 310 may form an optical image of the eyes of the
user on an image plane of the image pickup device.

After the image including the eyes E of the user is
generated, in operation 510, the position of the eyes E in the
generated image is acquired. In this case, the position of the
eyes in the generated image is acquired while having a point
passed by an optical axis on an image plane as the origin.

After the position of the eyes in the image is acquired, in
operation 520, the actual position of the eyes of the user is
determined by using the acquired position of the eyes.

Finally, in operation 530, a photography image corre-
sponding to the determined position of the eyes E of the user
is displayed. In this case, the photography image may
include any of an ultrasonic image, an external image and a
composite image of an ultrasonic image and an external
image.

FIG. 8 is a flowchart showing a method for controlling an
ultrasonic apparatus, in accordance with another exemplary
embodiment. Description of FIG. § will be made in relation
to a method for generating a composite image.

First, in operation 600, ultrasonic waves are irradiated
toward an object. In response to the irradiation of ultrasonic
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waves, in operation 610, echo ultrasonic waves reflected
from the object ob are received.

Thereafter, in operation 620, an ultrasonic image is
acquired based on the received echo ultrasonic waves. If the
received echo ultrasonic waves include volume data which
relates to an object ob, the ultrasonic image may be a 3D
ultrasonic image.

The ultrasonic image acquired as such is registered to an
external image acquired from outside in operation 630,
thereby effecting a combination of the ultrasonic image and
the external image. In this case, the outside may include an
external apparatus or an external network, and the external
image may represent a photography image of an object ob
acquired from the outside.

In order to register the ultrasonic image to the external
image, coordinate systems of the two images may be
aligned. In addition, by overlaying the two images based on
the aligned coordinate systems, a composite image is gen-
erated. In this case, the composition ratio may be determined
depending on by varying the degrees of opacity of the two
images.

Finally, in operation 640, a photography image corre-
sponding to the position of the eyes E of a user from among
an ultrasonic image, an external image and a composite
image thereof is displayed. In this case, the recognizing of
the position of the eyes has been already described above
with respect to FIG. 7.

FIG. 9 is a flowchart showing a method for controlling an
ultrasonic apparatus, in accordance with still another exem-
plary embodiment.

First, in operation 700, an image which includes eyes E of
a user is generated by using the camera 310. In this case, the
camera 310 may form an optical image of the eyes of the
user on an image plane of the image pickup device.

After the image including the eyes E of the user is
generated, in operation 710, the position of the eyes in the
generated image is acquired.

After the position of the eyes in the image is acquired, in
operation 720, the difference 00, between the sightline and
the reference direction is acquired by using the position of
the eyes. In this case, an angle of view of the camera 310 and
the width of the image plane may be used. The method of
acquiring 66,, may be achieved by using Equation 1 and
Equation 2 as described above.

Thereafter, in operation 730, it is determined whether an
absolute value of 8, is equal to or smaller than 6, 6,may be
a positive real number.

If 68,, belongs to a range of between -6, and 6, the
position of the eyes is determined to be provided in a region
for which a composite image is displayed. Accordingly,
when the absolute value of 6, is equal to or smaller than 6,
in operation 740, a composite image of an ultrasonic image
and a CT image is displayed.

If the absolute value of 0, is larger than 0 in operation
750, it is determined that 0, is a positive value. If 0, is larger
than 04 the position of eyes is determined to be provided in
aregion for which an ultrasonic image is displayed. Accord-
ingly, 1f 8, is a positive value, in operation 760, an ultrasonic
image of an object ob is displayed.

If 6,, is smaller than -8, the position of the eyes is
determined to be provided in a region for which a CT image
is displayed. Accordingly, if 6, is a negative value, in
operation 770, a CT image of an object ob is displayed.

FIG. 10 is a flowchart showing a method for controlling
an ultrasonic apparatus, in accordance with still another
exemplary embodiment.
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First, in operation 800, an image which includes eyes E of
a user may be generated by using the camera 310. In this
case, the camera 310 may form an optical image of the eyes
of the user on an image plane of the image pick up device.

After the image including the eyes of the user is gener-
ated, in operation 810, the position of the eyes in the
generated image is acquired. In this case, the position of the
eyes E in the image is determined by the number of pixels
of the image plane.

After the position of the eyes in the image is acquired, in
operation 820, the difference 6,, between the sightline of the
user and the reference direction is acquired by using the
position of the eyes. In this case, the method of acquiring 6,
may be achieved by using Equation 1 and Equation 2 as
described above.

Finally, in operation 830, a composite image combined in
a composition ratio corresponding to the acquired 6,, is
displayed. The composite image represents an image gen-
erated by combining an ultrasonic image and an external
image in a ratio corresponding to 6,,. In addition, the
composition ratio may represent respective degrees of opac-
ity of the images.

For example, if 0 is equal to zero (0), a composite image
combined in an equal ratio of the ultrasonic image and the
external image may be displayed. Meanwhile, it is possible
to display a composite image combined in a higher propor-
tion of a first one of the ultrasonic image and the external
image with respect to the other image if 8,, becomes
increased.

FIG. 11 is a flowchart showing a method for controlling
an ultrasonic apparatus, in accordance with still another
exemplary embodiment.

In operation 900, an initial value of n, that is, the frame
numbet, is set to be equal to 1.

In operation 910, an image which includes eyes E of a
user is generated by using the camera 310. In this case, the
camera 310 may form an optical image of the eyes of the
user on an image plane of the image pickup device.

After the image including the eyes E of the user is
generated, in operation 920, the position of the eyes E in the
generated image is acquired. In this case, the position of the
eyes in the image is acquired while having a point passed by
an optical axis on an image plane as the origin.

After the position of the eyes in the image is acquired, in
operation 930, the difference 6,, between the sightline of the
user and the reference direction is acquired by using the
position of the eyes. In this case, an angle of view of the
camera 310 and the width of the image plane may be used.

Thereafter, in operation 940, a photography image corre-
sponding to 0,, is displayed. In this case, the photography
image may include any of an ultrasonic image, an external
image and a composite image of an ultrasonic image and an
external image.

Thereafter, in operation 950, it is determined if there is a
need to continue displaying a photography image. If it is
determined there is no need to continue displaying a pho-
tography image, the operation ends.

If it is determined there is a need to keep displaying a
photography image, then in operation 960, the frame number
n increases by 1. As a result, the above described processes
are repeated to display a photography image of a n+1#
frame.

FIG. 12 is a flowchart showing a method for controlling
an ultrasonic apparatus, in accordance with still another
exemplary embodiment.

In operation 1000, an initial value of n, that is, the frame
number, is set to be equal to 1 (1000).
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In operation 1010, an image which includes eyes E of a
user is generated by using the camera 310. After the image
including the eyes E of the user is generated, in operation
1020, the position of the eyes E in the generated image is
acquired.

After the position of the eyes in the image is acquired, in
operation 1030, the difference 0,, between the sightline of
the user and the reference direction is acquired by using the
position of the eyes. In this case, an angle of view of the
camera 310 and the width of the image plane may be used.

Thereafter, in operation 1040, it is determined whether or
not the frame number is equal to 1.

If it is determined that the frame number is equal to or
greater than 2, in operation 1050, it is determined whether or
not 6,,, is equal to 6, ,. In this operation, it is determined
whether the current position of the eyes of the user is
identical to the position of the eyes of the user in the
previous frame.

If it is determined that 6,,, is equal to 6,,,_,, in operation
1060, an image having the same type as that of an image
displayed in the previous frame is displayed. For example,
if a composite image including 25% of an ultrasonic image
and 75% of an external image is displayed in the previous
frame, a composite image having the same ratio as that of the
previous frame is displayed even in the current frame.

If it is determined that the frame number is 1 or 6, is not
equal to 0, ,, in operation 1070, a photograph image
corresponding to 8, is displayed.

Thereafter, in operation 1080, it is determined if there is
a need to continue displaying a photography image. If it is
determined there is no need to continue displaying a pho-
tography image, the operation ends.

Meanwhile, if it is determined there is a need to continue
displaying a photography image, in operation 1090, the
frame number n increases by 1. As a result, the above
described processes are repeated to display a photography
image of a n+1” frame.

According to the ultrasonic apparatus according to an
exemplary embodiment and the control method thereof, an
image switch is easily switched without requiring an addi-
tional input by recognizing the position of eyes of a user and
displaying an image corresponding to the recognition.

According to the ultrasonic apparatus according to
another exemplary embodiment and the control method
thereof, a user is selectively provided with an image having
different types of images combined in a varied composition
ratio, thereby providing composite images having various
conditions that are selectable by a user.

Although a few exemplary embodiments have been
shown and described, it will be appreciated by those of skill
in the art that changes may be made in these exemplary
embodiments without departing from the principles and
spirit of the present inventive concept, the scope of which is
defined in the claims and their equivalents.

What is claimed is:

1. An ultrasonic apparatus comprising:

a storage configured to store an external image of an
object;

an image processor configured to generate a composite
image by registering an ultrasonic image of the object
with respect to the stored external image;

a recognizer configured to recognize a position of eyes of
a user; and

a display configured to display one of the ultrasonic
image, the external image and the composite image
based on the recognized position of the eyes of the user,
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wherein the display is further configured to display the
composite image based on an opacity ratio between the
ultrasonic image and the external image, which is used
for performing the registering and which corresponds
to a sightline of the user which is determined by using
the recognized position of the eyes, and

wherein the opacity ratio is determined based on a dif-

ference between the determined sightline and a prede-
termined reference line.

2. The ultrasonic apparatus of claim 1, wherein the image
processor is further configured to generate the composite
image by registering the ultrasonic image with respect to at
least one of a computed tomography (CT) image, a magnetic
resonance (MR) image and a positron emission tomography
(PET) image of the object.

3. The ultrasonic apparatus of claim 1, wherein the display
is further configured to display the composite image if the
recognized position of the eyes belongs to a predetermined
first region, to display the ultrasonic image if the recognized
position of the eyes belongs to a predetermined second
region, and to display the external image if the recognized
position of the eyes belongs to a predetermined third region.

4. The ultrasonic apparatus of claim 1, wherein the ratio
corresponds to an equal weighting of the ultrasonic image
and the external image if the determined sightline is aligned
with the reference line.

5. The ultrasonic apparatus of claim 1, wherein the image
processor is further configured to generate the composite
image by increasing a relative proportion of one of the
ultrasonic image and the external image with respect to the
other of the ultrasonic image and the external image as a
difference between the determined sightline and the refer-
ence line increases.

6. The ultrasonic apparatus of claim 1, wherein the display
is further configured to display one of the ultrasonic image,
the external image and the composite image in a three
dimensional depiction.

7. The ultrasonic apparatus of claim 6, wherein the
ultrasonic image is generated based on volume data which
relates to the object.

8. The ultrasonic apparatus of claim 1, wherein the
recognizer comprises:

a camera configured to acquire an image which includes

the eyes of the user; and

a controller configured to determine the recognized posi-

tion of the eyes of the user, based on a respective
position of the eyes in the acquired image.

9. The ultrasonic apparatus of claim 8, wherein the
recognizer is further configured to recognize the position of
the eyes of the user by using at least one from among a
horizontal width of an image plane of the camera and an
angle of view of the image plane of the camera.

10. The ultrasonic apparatus of claim 1, wherein the
display is further configured to display an image having a
same type as a type of an image displayed in a previous
frame if the recognized position of the eyes is identical to a
position of the eyes which has previously been recognized.

11. A method for controlling an ultrasonic apparatus, the
method comprising:

generating a composite image by registering an ultrasonic

image of an object with respect to an external image of
the object;

recognizing a position of eyes of a user; and
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displaying one of the ultrasonic image, the external image
and the composite image, based on the recognized
position of the eyes of the user,

wherein the displaying comprises displaying the compos-

ite image based on an opacity ratio between the ultra-
sonic image and the external image, which is used for
performing the registering and which corresponds to a
sightline of the user which is determined by using the
recognized position of the eyes, and

wherein the opacity ratio is determined based on a dif-

ference between the determined sightline and a prede-
termined reference line.

12. The method of claim 11, wherein the generating the
composite image comprises registering the ultrasonic image
with respect to at least one of a computed tomography (CT)
image, a magnetic resonance (MR) image and a positron
emission tomograpy (PET) image of the object.

13. The method of claim 11, wherein in the displaying of
one of the ultrasonic image, the external image and the
composite image,

the composite image is displayed if the recognized posi-

tion of the eyes belongs to a predetermined first region,
the ultrasonic image is displayed if the recognized
position of the eyes belongs to a predetermined second
region, and the external image is displayed if the
recognized position of the eyes belongs to a predeter-
mined third region.

14. The method of claim 11, wherein the ratio corresponds
to an equal weighting of the ultrasonic image and the
external image if the determined sightline is aligned with the
reference line.

15. The method of claim 11, wherein the generating the
composite image comprises increasing a relative proportion
of one of the ultrasonic image and the external image with
respect to the other of the ultrasonic image and the external
image as a difference between the determined sightline and
the reference line increases.

16. The method of claim 11, wherein the displaying one
of the ultrasonic image, the external image and the compos-
ite image comprises displaying one of the ultrasonic image,
the external image and the composite image in a three
dimensional depiction.

17. The method of claim 16, wherein the ultrasonic image
is generated based on volume data which relates to the
object.

18. The method of claim 11, wherein the recognizing the
position of the eyes of the user comprises:

acquiring an image which includes the eyes of the user;

and

determining the recognized position of the eyes of the

user, based on a respective position of the eyes in the
acquired image.

19. The method of claim 18, wherein the recognizing the
position of the eyes comprises using at least one from among
a horizontal width of an image plane of a camera configured
to acquire the image and an angle of view of the image plane
of the camera.

20. The method of claim 11, wherein the displaying
comprises displaying an image having a same type as a type
of an image displayed in a previous frame if the recognized
position of the eyes is identical to a position of the eyes has
previously been recognized.
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