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cludes a trackball module configured to receive a control
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erate a control command for the trackball module and
transfers the generated control signal to the trackball
module. The trackball module includes a trackball con-
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lighting device. The lighting device includes a light
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an optical path through which light emitted from the light
source passes while being reflected at least once, and a
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sage from which light passing through the optical pas-
sage is emitted to an outside of the lighting device. The
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Description
TECHNICAL FIELD

[0001] The presentinventive conceptrelates to a track-
ball module, an ultrasonic image processing apparatus
using the trackball module, and a method of controlling
an external device or an ultrasonic imaging device con-
nected to the trackball module using the trackball module.

BACKGROUND

[0002] An ultrasonic image processing apparatus irra-
diates ultrasonic waves from the surface of an object, for
example, the human body, toward a target region within
the body, receives reflected ultrasonic waves reflected
by the target region, and obtains tomograms of various
tissues and structures, for example, ultrasonic images of
softtissues or blood stream, using the received ultrasonic
information.

[0003] The ultrasonic image processing apparatus is
small in size and low in cost, displays an image in real
time and provides high safety owing to no X-ray expo-
sure, or the like, as compared with otherimaging devices,
such as a digital radiography (DR) system or a computed
tomography (CT) scanner. Therefore, the ultrasonic im-
age processing apparatus is widely used for heart diag-
nosis, abdominal diagnosis, urological diagnosis and ob-
stetric and gynecological diagnosis.

[0004] Particularly, when ultrasonic waves generated
intransducers disposed at one end of an ultrasonic probe
of an ultrasonic image processing apparatus are reflect-
ed by a specific interior material of an object, the ultra-
sonic image processing apparatus performs beam form-
ing by receiving the reflected ultrasonic waves, convert-
ing the received ultrasonic waves into electrical signals,
and compensating for a time difference between the elec-
trical signals, and then produces an ultrasonic image
through predetermined image processing.

SUMMARY

[0005] Therefore, an aspect of the present inventive
concept relates to a trackball module including a lighting
device to reduce eye fatigue, an ultrasonic image
processing apparatus including the trackball module, and
a method of controlling the trackball module and the ul-
trasonic image processing apparatus.

[0006] Anotheraspectofthe presentinventive concept
relates to reducing of eye fatigue caused by direct lighting
of a user control panel of an ultrasonic image processing
apparatus conventionally used in a dark room.

[0007] A further aspect of the present inventive con-
cept relates to reducing of glare of a lighting device
around a trackball of an ultrasonic image processing ap-
paratus.

[0008] A further aspect of the present inventive con-
ceptrelates to lighting of alighting device in various colors
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and patterns to allow a user to intuitively recognize a
current status of an ultrasonic image processing appa-
ratus.

[0009] A further aspect of the present inventive con-
cept relates to providing of emotional security to a long
term user of an ultrasonic image processing apparatus
such as a sonographer since a lighting device emits dim
light.

[0010] Additional aspects of the inventive concept 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 inventive concept.

[0011] Aspects of the present inventive concept relate
to a trackball module, an ultrasonic image processing
apparatus connected to the trackball module or including
the trackball module, and a method of controlling the ul-
trasonic image processing apparatus using the trackball
module are provided.

[0012] One aspectofthe presentinventive concepten-
compasses a trackball module including a trackball con-
figured to receive a control command from a user and a
lighting device configured to emit light. The lighting de-
vice includes a light source, an optical passage bent at
least once to provide an optical path through which light
emitted from the light source passes while being reflected
at least once, and a light exit opening defined at one end
of the optical passage from which light passing through
the optical passage is emitted to an outside of the lighting
device. The light exit opening is defined around the track-
ball.

[0013] The light source may be mounted at a portion
of the optical passage. The light source may be disposed
at the other end of the optical passage opposite to the
light exit opening.

[0014] The light source may maintain output of light,
blink, or cease output of light according to a setting mode.
The light source may emit with different colors according
the setting mode or user manipulation of the trackball.
[0015] The light source may emitlight while an external
device connected thereto operates, emit light as a pulse
while waiting for a subsequent operation after completion
of a previous operation, and stop emitting of light while
all operations are stopped, according to a setting mode.
[0016] The optical passage may be bent toward the
trackball or in a direction opposite to the trackball. A re-
flective element reflecting light emitted from the light
source may be disposed in the optical passage.

[0017] The light exit opening may be sealed by a cover
that transmits light

[0018] Another aspectofthe presentinventive concept
relates to an ultrasonic image processing apparatus in-
cluding an ultrasonic probe configured to irradiate ultra-
sonic waves to an object, receive ultrasonic waves re-
flected by the object, convert the received ultrasonic
waves, and output a plurality of ultrasonic signals, an
image processor configured to perform beam forming of
the plurality of ultrasonic signals and generate ultrasonic
image data based on results of the beam forming, a track-
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ball module configured to receive a control command
from a user, and a controller configured to generate a
control command for the trackball module and transfer
the generated control command to the trackball module.
[0019] The trackball module includes a trackball con-
figured to receive a control command from a user and a
lighting device. The lighting device includes a light
source, an optical passage bent at least once to provide
an optical path through which light emitted from the light
source passes while being reflected at least once, and a
light exit opening defined at one end of the optical pas-
sage from which light passing through the optical pas-
sage is emitted to an outside of the lighting device.
[0020] The light exit opening is defined around the
trackball.

[0021] The light source of the ultrasonic image
processing apparatus may be disposed at a portion of
the optical passage. The light source may be disposed
at the other end of the optical passage opposite to the
light exit opening.

[0022] The light source may be controlled to continu-
ously emit light, blink, or cease output of light according
to a setting mode of the ultrasonic image processing ap-
paratus.

[0023] The light source may emit light with different
colors in accordance with a setting mode of the ultrasonic
image processing apparatus or user manipulation of the
trackball.

[0024] The light source may emit light while the ultra-
sonic image processing apparatus operates according
to at least one setting mode selected from a plurality of
setting modes of the ultrasonic image processing appa-
ratus, the light source may emit light as a pulse while the
ultrasonicimage processing apparatus completes an op-
eration according to the selected setting mode and waits
for a subsequent operation, and the light source may not
emit light while the ultrasonic image processing appara-
tus does not operate. The at least one setting mode may
be selected by a user.

[0025] When Doppler ultrasound using Doppler effects
is used in the ultrasonic image processing apparatus, the
light source is configured to control output of light in ac-
cordance with existence of sound of the Doppler ultra-
sound or volume of the sound.

[0026] The optical passage may be bent toward the
trackball or in a direction opposite to the trackball. A re-
flective element reflecting light emitted from the light
source may be disposed in the optical passage.

[0027] Thelight exitopening may be sealed by a cover
that transmits light.

[0028] Anotheraspectofthe presentinventive concept
encompasses a method of controlling an ultrasonic im-
age processing apparatus including a trackball module
or connected to the trackball by use of the trackball mod-
ule. According to the method, at least one setting mode
froma plurality of setting modes is selected. Alight source
is controlled to emit light by supplying power to the light
source while the ultrasonic image processing apparatus
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operates in accordance with the selected at least one
setting mode. The light source is controlled to blink by
supplying power to the light source as a pulse while the
ultrasonic image processing apparatus completes an op-
eration according to the selected at least one setting
mode and waits for a subsequent operation.

[0029] The ultrasonic image processing apparatus in-
cludes a trackball configured to receive a control com-
mand from a user and a lighting device, wherein the light-
ing device includes a light source, an optical passage
bent at least once to provide an optical path through
which light emitted from the light source passes while
being reflected at least once, and a light exit opening
defined at one end of the optical passage from which
light passing through the optical passage is emitted to
an outside of the lighting device. The light exit opening
is defined around the trackball.

[0030] The method may further include turning off the
light source by blocking power to the light source while
the at least one setting mode is not selected from the
plurality of setting modes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The foregoing and other features of the inven-
tive concept will be apparent from more particular de-
scription of embodiments of the inventive concept, as
illustrated in the accompanying drawings in which like
reference characters may refer to the same or similar
parts throughout the different views. The drawings are
not necessarily to scale, emphasis instead being placed
upon illustrating the principles of the embodiments of the
inventive concept. Inthe drawings, the thickness of layers
and regions may be exaggerated for clarity.

FIG. 1 is a front view illustrating a trackball module
according to an embodiment of the presentinventive
concept.

FIG.2is a cross-sectional view illustrating a trackball
module according to an embodiment of the present
inventive concept.

FIGS. 3A and 3B are diagrams illustrating examples
of a light exit opening of a trackball module.

FIGS. 4A to 4C are cross-sectional views illustrating
trackball modules according to embodiments of the
present inventive concept.

FIG.5is a cross-sectional view illustrating a trackball
module according to another embodiment of the
present inventive concept.

FIG. 6 is a perspective view illustrating an ultrasonic
image processing apparatus according to an embod-
iment of the present inventive concept.
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FIG. 7 is a block diagram illustrating an ultrasonic
image processing apparatus including a trackball
module according to an embodiment of the present
inventive concept.

FIG. 8 is a flowchart illustrating a method of control-
ling a trackball module according to an embodiment
of the present inventive concept.

DETAILED DESCRIPTION

[0032] Examples of the present inventive concept will
be described below in more detail with reference to the
accompanying drawings. The examples of the present
inventive concept may, however, be embodied in differ-
ent forms and should not be construed as limited to the
examples set forth herein. Like reference numerals may
refer to like elements throughout the specification.
[0033] FIG. 1is afrontview llustrating a trackball mod-
ule 100 according to an embodiment of the present in-
ventive concept.

[0034] Asillustrated in FIG. 1, the trackball module 100
according to an embodiment of the presentinventive con-
cept may include a trackball 110 and a lighting device
120.

[0035] The trackball 110 may generate a specific elec-
trical signal according to user manipulation by use of a
fingertip or a palm and transmit the electrical signal to a
controller, or the like, to control various devices such as
computers or ultrasonic image processing apparatuses.
The trackball 110 may have a circular shape, a quadran-
gular shape, or a quadrangular shape with rounded cor-
ners from a top view and may have a semicircular shape,
a trapezoidal shape, or a rectangular shape from a side
view. When a user touches the trackball 110 with a fin-
gertip or a palm and rotates the trackball 100 in a prede-
termined direction, or when the user performs an oper-
ation similar to rotating the trackball 110 with the fingertip
or the palm in a state of being touched, the trackball 110
may generate an electrical signal in response to user
manipulation, for example, an electrical signal regarding
movement of a pointer displayed on a display screen. A
processor connected to the trackball 110 may generate
a command for a device connected to the trackball mod-
ule 100 according to the generated electrical signal to
operate the device connected to the trackball module
100.

[0036] The lighting device 120 may guide the user to
a location of the trackball 110 by emitting light around
the trackball 110 or may indicate a current status of an
external device controlled by the trackball module 100,
for example, a computer or an ultrasonic image process-
ing apparatus.

[0037] The lighting device 120 may include a light
source, an optical passage, and a light exit opening. In
thisregard, the optical passage may be bentatleastonce
and provide an optical path through which light emitted
from the light source passes while being reflected at least
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once. The light exit opening may be disposed at one end
of the optical passage from which light that has passed
through the optical passage is emitted to the outside.
Here, the light exit opening may be formed around the
trackball 110. These will be described later.

[0038] The trackball module 100 may further include a
support 111 on which the trackball 110 is mounted and
a side portion 112 at which a separate control button 113
is mounted. In this regard, the lighting device 120 may
be disposed between the support 111 and the side por-
tion 112.

[0039] The trackball module 100 may further include
an input device 113 to control an external device such
as a computer or an ultrasonic image processing appa-
ratus, for example, a button-like input device 113 as il-
lustrated in FIG. 1. Via the input device 113, the user may
select at least one setting mode among a plurality of set-
ting modes to control an external device such as a com-
puter or an ultrasonic image processing apparatus, as
occasion demands.

[0040] Theinputdevice 113 mayindicate, forexample,
by carving and printing thereon, symbols and characters
that distinguish one input device 113, e.g., one button,
from another input device 113, e.g., another button, or
display a status of an operation performed by the external
device in response to clinking or touch of a button.
[0041] According to an embodiment of the present in-
ventive concept, the input device 113 may be provided
with a light emitting device, for example, a light emitting
diode (LED) at a rear end thereof to improve readability
of characters and symbols displayed on the input device
113. Alternatively, the symbols or characters may be
printed on the input device 113 using a fluorescent ma-
terial to further improve readability.

[0042] FIG. 2 is a cross-sectional view illustrating a
trackball module 100 according to an embodiment of the
present inventive concept.

[0043] AsillustratedinFIG. 2, the trackball module 100
may include a lighting device 120. The lighting device
120 may include a light source 130, an optical passage
121 to 123 through which light emitted from the light
source 130 passes, and a light exit opening 124 disposed
at one end of the optical passage 121 to 123.

[0044] Thelight source 130 may generate light accord-
ing to a voltage applied thereto. The light source 130 may
be any light emitting device that generates light and emits
the light. For example, the light source 130 may be se-
lected from an incandescent electric lamp using a fila-
ment formed of tungsten, a fluorescent lamp using a flu-
orescent material, and an LED lamp using a semicon-
ductor device that emits light according to a voltage ap-
plied thereto. In addition, the light source 130 may be a
combination of at least two thereof.

[0045] According to an embodiment of the present in-
ventive concept, when the lighting device 120 includes
a plurality of light sources 130, the same light source,
e.g., an LED, or different light sources may be used as
the light source 130.
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[0046] In addition, the light source 130 may generate
light with a predetermined color, such as light bulb color,
warm white, white, bright white, red, or blue. The light
source 130 may also generate light with various colors.
Particularly, color of light emitted from the light source
130 may vary according to an external control command.
[0047] Light emitted from the light source 130 may
pass through the optical passage 121 to 123 to be emitted
outward via the light exit opening 124.

[0048] The optical passage 121 to 123 that is a path
through which light emitted from the light source 130
passes may be bent at least once as shown in FIG. 2 to
prevent the light generated in the light source 130 from
being directly emitted to the outside. For example, the
optical passage 121 to 123 may be bent in a direction
opposite to the trackball 110 as illustrated in FIG. 2.
[0049] According to an embodiment of the present in-
ventive concept, the optical passage 121 to 123 may be
bent once at a bent portion 122 as illustrated in FIG. 2.
[0050] In this regard, the optical passage 121 to 123
may be divided into a first passage 121 and a second
passage 123 by the bent portion 122. The light exit open-
ing 124 may be formed at one end of the first passage
121, and the other end of the first passage 121 may be
connected to the second passage 123 via the bent portion
122. Here, one end of the second passage 123 may be
connected to the other end of the first passage 121 via
the bent portion 122, and the light source 130 may be
formed ata predetermined portion of the second passage
123, for example, the other end of the second passage
123. According to an embodiment of the present inven-
tive concept, the light source 130 may be disposed not
only at the end of the second passage 123 but also within
the second passage 123. In addition, the light source 130
may be installed at an inner wall, particularly, at an upper
inner wall 123a of the second passage 123 or at a lower
inner wall 123b as illustrated in FIG. 2. Although not
shown in the drawings, when the optical passage 121 to
123 has a tunnel shape, the light source 130 may also
be installed at a side surface of the second passage 123.
[0051] When the light source 130 disposed at a pre-
determined position of the optical passage 121 to 123,
for example, at the other end of the second passage 123,
irradiates light, the lightmay arrive at the light exit opening
124 via the optical passage 121 to 123, for example, the
second passage 123, the bent portion 122, and the first
passage 121.

[0052] In this regard, light irradiated from the light
source 130 into the optical passage 121 to 123, particu-
larly, into the second passage 123, may be reflected at
least once by the second passage 123 or the first pas-
sage 121 and emitted via the light exit opening 124 since
the optical passage 121 to 123 is bent at least once. For
example, light emitted from the light source 130 may ar-
rive at the light exit opening 124 disposed at the end of
the first passage 121 after being reflected at least once
by the inner walls 123a and 123b of the second passage
123. Alternatively, the light may arrive at inner walls 121
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a and 121 b of the first passage 121 and then reflected
by the inner walls 121 a and 121 b of the first passage
121 at least once to arrive at the light exit opening 124.
[0053] In other words, light emitted from the light
source 130 may not be directly emitted to the outside via
the light exit opening 124 but emitted outward after being
reflected at least once. Thus, light emitted to the outside
may have a relatively lower intensity than light directly
emitted from the light source 130. Thus, light emitted from
the light exit opening 124 may also have low glare, there-
by reducing eye fatigue.

[0054] The optical passage 121 to 123 may have a
circular tunnel shape or a step-like shape formed be-
tween two plates, for example, between the support 111
and the side portion 112. In this regard, the support 111
may have a step-like shape by disposing a circular plate
with a smaller diameter on a circular plate with a larger
diameter. The side portion 112 may have a shape cor-
responding to the step-like shape of the support 111,
thereby forming the optical passage 121 to 123 between
the support 111 and the side portion 112.

[0055] The light exit opening 124 may be formed at
one end of the optical passage 121 to 123, for example,
one end of the first passage 121, to emit light reflected
in the optical passage 121 to 123 outward. The light exit
opening 124 may be formed around the trackball 110.
[0056] FIGS. 3A and 3B are diagrams illustrating ex-
amples of a light exit opening 124 of a trackball module.
[0057] As illustrated in FIG. 3A, according to an em-
bodiment of the present inventive concept, the light exit
openings 124 may be formed as circular holes aligned
along a circle surrounding the trackball 110. In this case,
the optical passage 121 to 123 may have a tunnel shape
with a circular cross-sectionin accordance with the shape
of the light exit openings 124. Alternatively, the optical
passage 121 to 123 may have a step-like shape as de-
scribed above.

[0058] In addition, according to an embodiment of of
the present inventive concept, the light exit opening 124
may be formed in a circular track surrounding the track-
ball 110 as illustrated in FIG. 3B. When the trackball 110
has a circular shape from a top view as illustrated in FIG.
3B, the light exit opening 124 may be aligned in a circular
track form that is a concentric circle to the trackball 110.
In this case, the optical passage 121 to 123 may have a
step-like shape as described above.

[0059] FIGS. 4A to 4C are cross-sectional views illus-
trating trackball modules according to embodiments of
the present inventive concept.

[0060] According to an embodiment of the present in-
ventive concept, in the trackball module 100 as illustrated
in FIG. 4A, the upper end of the light exit opening 124 of
the trackball module 100 may be sealed by a cover 125.
The cover 125 may seal the light exit opening 124 and
transmit light that has passed through the optical pas-
sage 121 to 123. Accordingly, the cover 125 may be
formed of various materials uniformly transmitting light,
for example, glass or a transparent synthetic resin.
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[0061] As occasion demands, the cover 125 may have
a predetermined color, such as red, green, blue, and
white. In this regard, the color of light visible to a user
through the lighting device 120 may be determined by
color of light emitted from the light source 130 and color
of the cover 125.

[0062] According to another embodiment of the
present inventive concept, in the trackball module 100,
the bent portion 122 of the optical passage 121 to 123
may be in a state of being bent toward the trackball 110
as illustrated in FIG. 4B in a different manner from that
of FIG. 2.

[0063] According to another embodiment of the
present inventive concept, in the trackball module 100,
an inner wall of the optical passage 121 to 123 may be
coated with a material capable of reflecting predeter-
mined light or provided with a reflective element 126a to
126d, e.g., a reflective mirror, capable of reflecting pre-
determined light. Reflectivity of light may be very low ac-
cording to a material used to form the support 111 and
the side portion 112 as illustrated in FIG. 4C. In this case,
energy of light generated in the light source 130 may be
reduced after being emitted via the light exit opening 124
so as to be insufficient to allow a user to see. In addition,
in order to emit light having energy sufficient to allow a
user to see through the light exit opening 124, power
supplied to the light source 130 may be increased. Ac-
cordingly, light having sufficient energy may be emitted
via the light exit opening 124 by coating a highly reflective
material on the inner wall of the optical passage 121 to
123 or installing the reflective element 126a to 126d, or
the like thereto.

[0064] According to an embodiment of the present in-
ventive concept, the optical passage 121 to 123 may
have the same width as the light exit opening 124. Ac-
cording to another embodiment of the present inventive
concept, the light exit opening 124 may have a smaller
width than that of the optical passage 121 to 123, or vice
versa.

[0065] Meanwhile, according to an embodiment of the
present inventive concept, the optical passage 121 to
123 or the light exit opening 124 may have a width of 1.0
mm or less. As the optical passage 121 to 123 or the light
exit opening 124 has a smaller width, glare of the emitted
light may be reduced.

[0066] FIG. 5 is a cross-sectional view illustrating a
trackball module according to another embodiment of the
present inventive concept.

[0067] Atrackball module according to an embodiment
of the present inventive concept, as illustrated in FIG. 5,
may include a light source 130 emitting light, a support
111 at which the trackball 110 is mounted, and a trackball
110 receiving a control command from a user.

[0068] The light source 130 may be mounted at a pre-
determined position in the trackball module 100. Accord-
ing to an embodiment of the present inventive concept,
the light source 130 may be mounted at the support 111
or at a bent portion of the support 111 as illustrated in
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FIG. 5.

[0069] The support 111 may support the light source
130 and/or the trackball 110. According to an embodi-
ment of the present inventive concept, both the light
source 130 and the trackball 110 may be mounted at the
support 111. Alternatively, only the trackball 110 may be
mounted at the support 111.

[0070] Light emitted from the light source 130 may
pass through the support 111 to be emitted to the outside
from a light exit surface 111 a formed at one end of the
support 111 as illustrated in FIG. 5. In this case, light
emitted from the light source 130 may arrive at the light
exitsurface 111 a after being reflected atleast once within
the support 111 and may be emitted to the outside. Thus,
the support 111 may function as the optical passage 121
to 123 described above, and the light exit surface 111a
may function as the light exit opening 124 described
above.

[0071] Thesupport 111 may be formed of a transparent
material with a predetermined transmittance to allow light
transmission, forexample, a transparent synthetic region
or glass. Alternatively, the support 111 may be formed
of a semi-transparent material.

[0072] The trackball 110 may receive a predetermined
control command from a user as described above.
[0073] The trackball 110 may be mounted at a prede-
termined position of the light exit surface 111 a of the
support 111, for example, at the center of the light exit
surface 111 a, and supported by the support 111. The
side of the trackball 110 may be configured such that
light emitted from the light source 130 may be emitted to
the outside from the side of the trackball 110 since a
portion of the support 111, i.e., a portion of the light exit
surface 111a is exposed to the outside as illustrated in
FIG. 5 (light 1).

[0074] According to an embodiment of the present in-
ventive concept, the trackball 110 may be formed of an
opaque material to block transmission of light, which is
emitted from the light source 130, through the trackball
110. In this case, light emitted from the light source 130
may be emitted to the outside via only the light exit surface
111a exposed at a side of the trackball 110.

[0075] According to another embodiment of the
present inventive concept, the trackball 110 may be
formed of a semi-transparent material to allow light emit-
ted from the light source 130 to partially pass through the
trackball 110. That is, light emitted from the light source
130 cannot completely pass through the trackball 110
but may be emitted through the trackball 110. Inthis case,
in addition to light emitted via the light exit surface 111a
at the side of the trackball 110, light may be partially emit-
ted through the trackball 110 as illustrated in FIG. 5 (light
2). When the trackball 110 is semi-transparent, intensity
of light emitted through the trackball 110 may be adjusted
to be less than that of light emitted through the light exit
surface 111a, while various circuits aligned at the rear
side of the trackball 110 are not visible.

[0076] FIG. 6 is a perspective view illustrating an ultra-
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sonic image processing apparatus according to an em-
bodiment of the present inventive concept.

[0077] Referring to FIG. 6, an ultrasonic image
processing apparatus according to an embodiment of the
present inventive concept, may include an ultrasonic
probe p and a main body m.

[0078] The ultrasonic probe p may generate ultrasonic
waves and irradiate the ultrasonic waves to an object,
for example, the human body. The ultrasonic waves may
be reflected by an internal substance located at various
depths, i.e., a target substance. The ultrasonic probe p
may receive the reflected ultrasonic waves. An ultrasonic
image may be produced based on the received ultrasonic
waves.

[0079] The ultrasonic probe p may include, at one end
thereof, a plurality of ultrasonic transducers that generate
ultrasonic waves in accordance with a supply voltage ap-
plied thereto, receive ultrasonic waves reflected by the
internal substance of the object, and convert the received
ultrasonic waves into electrical signals. The ultrasonic
transducers may receive AC power from an external pow-
er supply device or an internal power storage device, for
example, a battery, to generate ultrasonic waves by vi-
bration of piezoelectric vibrators or thin films of the ultra-
sonic transducers according to the applied AC power. In
addition, the ultrasonic transducers may receive the re-
flected ultrasonic waves. Piezoelectric vibrators or thin
films of the ultrasonic transducers may vibrate upon re-
ceiving the reflected ultrasonic waves to generate elec-
trical signals.

[0080] The ultrasonic transducers of the ultrasonic
probe p may be classified into magnetostrictive ultrasonic
transducers, piezoelectric ultrasonic transducers, and
capacitive micromachined ultrasonic transducers
(cMUTs) according to materials used therefor or proper-
ties of the materials.

[0081] When the ultrasonic probe p receives reflected
ultrasonic waves, the ultrasonic probe p or the main body
m may perform a predetermined process with respect to
the converted electrical signals to produce an ultrasonic
image. Accordingly, a user, such as, a doctor or a nurse,
may diagnose a patient using an image showing the in-
terior of a patient’s body.

[0082] Although not shown in the drawings, a trackball
module 100 may be provided at the ultrasonic probe p.
When the ultrasonic probe p is provided with the trackball
module 100, the user may control the ultrasonic image
processing apparatus using the trackball module 100
while grabbing the ultrasonic probe p.

[0083] According to an embodiment of the present in-
ventive concept, the main body m may produce an ultra-
sonic image based on ultrasonic waves received by the
ultrasonic probe p and display the ultrasonic image to
the user via a display device or the like. In addition, the
main body m may include a trackball module 100 as an
input device capable of receiving a predetermined in-
struction or command from the user as illustrated in FIG.
6. The main body m may control irradiation of ultrasonic
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waves by the ultrasonic probe p or acquire an ultrasonic
image by changing a setting mode for obtaining an ultra-
sonic image according to an instruction or command in-
put through a user interface such as the trackball module
100 or another input device, for example, a mouse or a
keyboard.

[0084] FIG. 7 is a block diagram illustrating an ultra-
sonic image processing apparatus including a trackball
module according to an embodiment of the present in-
ventive concept.

[0085] As illustrated in FIG. 7, the ultrasonic image
processing apparatus may include an ultrasonic probe
p, an image processor i, which performs beam forming
of a plurality of ultrasonic signals and generates ultra-
sonic image data based on the results of the beam form-
ing, a trackball 110 of a trackball module 100 receiving
auser’'s command or an input device 113 mounted in the
trackball module 100 or separately disposed therefrom
and receiving a user's command, a controller 140 con-
trolling other constituent elements according to an in-
struction or a command input to the input device 113,
and a database 141 connected to the controller 140 and
storing information about various setting modes.

[0086] The ultrasonic image processing apparatus
may include a light source 130 mounted at the trackball
module 100 and an optical passage 120 through which
light emitted from the light source 130 passes while being
reflected. Although not shown in the drawings, the optical
passage 120 may be bent at least once as described
above.

[0087] As illustrated in FIG. 7, the user may input an
instruction or command via the input device 113 or the
trackball 110 of the trackball module 100. In this regard,
the user may select at least one setting mode among a
plurality of setting modes to perform operations of the
ultrasonic image processing apparatus, for example,
control of the imaging process or among a plurality of
setting modes to control the lighting device 120 of the
trackball module 100. Thus, the user may select a setting
mode for the lighting device 120 of the trackball module
100, such thatthe light source 130 of the trackball module
100 continuously emits light, blinks, or ceases output of
light.

[0088] As such, the instruction or command inputted
by the user via the input device 113 or the trackball 110
of the trackball module 100 may be transferred to the
controller 140.

[0089] The controller 140 may control operation of the
ultrasonic probe p of the ultrasonic image processing ap-
paratus or operation of the image processor i, which gen-
erates an ultrasonic image, based on the received ultra-
sonic waves via the ultrasonic probe p. According to an
embodiment of the present inventive concept, the con-
troller 140 may control the lighting device 120 of the track-
ball module 100, particularly, the light source 130 of the
lighting device 120, according to user manipulation or
internal settings without being influenced by user manip-
ulation.
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[0090] According to an embodiment of the present in-
ventive concept, the controller 140 may read the data-
base 141 and select the setting mode for the lighting de-
vice 120 of the trackball module 100, for example, the
setting mode regarding environments in which the ultra-
sonic image processing apparatus is used. Then, the
controller 140 may generate a control command accord-
ing to the selected setting mode for the lighting device
120 and transmit the control command to the light source
130. The light source 130 may maintain output of light,
blink, or cease output of the light in accordance with the
received setting mode for the lighting device 120. Alter-
natively, the controller 140 may also control the light
source 130 to emit light with different colors according to
the setting mode for the lighting device 120. Forexample,
when the ultrasonic image processing apparatus is used
for obstetric and gynecological diagnosis, the lighting de-
vice 120 may emit green light. When the ultrasonic image
processing apparatusis used in heartdiagnosis, the light-
ing device 120 may emit red light. When the ultrasonic
image processing apparatus is used in radiology, the
lighting device 120 may emit blue light.

[0091] According to another embodiment of the
present inventive concept, the controller 140 may read
the database 141 and select the setting mode for an op-
eration of the ultrasonic image processing apparatus, for
example, an ultrasonic imaging. The controller 140 may
generate a control command in accordance with the se-
lected setting mode for the operation of the ultrasonic
image processing apparatus and transmit the control
command to the light source 130. The light source 130
may maintain output of light, blink, or cease output of the
light in accordance with the received setting mode for the
lighting device 120. In the same manner, the controller
140 may also control the light source 130 to emit light
with different colors according to the setting mode for the
ultrasonic imaging.

[0092] According to an embodiment of the present in-
ventive concept as to operation of the lighting device 120
of the trackball module 100 by the controller 140, when
the ultrasonic image processing apparatus operates in
accordance with a predetermined setting mode, the con-
troller 140 may control to continuously supply power to
the light source 130 to allow the light source 130 to con-
tinuously emit light. As a result, the lighting device 120
of the trackball module 100 may be continuously lighted.
[0093] When the ultrasonic image processing appara-
tus completes an operation according to the selected set-
ting mode and waits for a subsequent operation, for ex-
ample, waits for input of a measuring point during real-
time ultrasonic scanning, the controller 140 may supply
a power to the light source 130 as a pulse with a prede-
termined frequency such that the light source 130 blinks
at a predetermined interval. Accordingly, the lighting de-
vice 120 of the trackball module 100 may blink.

[0094] In addition, when the ultrasonic image process-
ing apparatus completes or stops all operations, the con-
troller 140 may block power supply to the light source
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130 such that the light source 130 does not emit light. As
a result, the lighting device 120 of the trackball module
100 may be turned off.

[0095] Meanwhile, the ultrasonicimage processing ap-
paratus may use Doppler ultrasound based on the Dop-
pler effect. Particularly, when an ultrasonic wave is irra-
diated to an object moving away from an observer, a
reflected ultrasonic wave may have a lower frequency
than the irradiated ultrasonic wave. On the other hand,
when an ultrasonic wave is irradiated to an object moving
toward the observer, the reflected ultrasonic wave may
have a higher frequency than the irradiated ultrasonic
wave. Doppler ultrasound may be used based onrelative
difference in frequency between the irradiated ultrasonic
wave and the reflected ultrasonic wave when an ultra-
sonic wave is irradiated to a moving object.

[0096] As described above, as Doppler ultrasound us-
ing Doppler effects is used, the controller 140 may control
light emitted from the light source 130 in accordance with
existence of sound of the Doppler ultrasound or volume
thereof. For example, light intensity may be increased if
there is Doppler ultrasound. In addition, intensity of light
emitting from the light source 130 may be controlled in
proportion to volume of the sound. Thus, since the lighting
device 120 of the trackball 110 visibly expresses accord-
ing to the existence of Doppler ultrasound or volume of
the sound, a user may intuitively recognize movement of
an object or velocity of the object via the lighting device
120.

[0097] In addition, according to an embodiment of the
present inventive concept, the controller 140 may control
thelight source 130 in accordance with user manipulation
of the trackball 110. For example, when the user manip-
ulates the trackball 110, the light source 130 may be con-
trolled to emit light with a predetermined color. When the
user does not manipulate the trackball 110, the power to
the light source 130 may be off or the light source 130
may be controlled according to the setting mode of the
ultrasonic image processing apparatus or operation of
the ultrasonic image processing apparatus as described
above.

[0098] The above description may also be applied to
the trackball module 100 installed at the ultrasonic probe
p.

[0099] FIG.8isaflowchartillustrating a method of con-

trolling a trackball module according to an embodiment
of the present inventive concept.

[0100] AsillustratedinFIG. 8, according to the method
of controlling the trackball module, a user may first select
at least one setting mode among a plurality of setting
modes, for example, a plurality of setting modes for op-
eration of the ultrasonic image processing apparatus
(S200).

[0101] Then, the ultrasonic image processing appara-
tus may operate according to the selected setting mode
by the user (S210). When the ultrasonic image process-
ing apparatus operates according to the at least one set-
ting mode, power may be supplied to the light source 130
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(S211). Then, the light source 130 may emit light to turn
on the lighting device 120 (S212). In this regard, light
emitted from the light source 130 may pass through the
optical passage 121 to 123, which may be bent at least
once, to be emitted to the outside via the light exit opening
124 as described above. Thus, eye fatigue of the user
viewing the lighting device 120 may be reduced.

[0102] The ultrasonic image processing apparatus
may complete the operation according to the selected at
least one setting mode and wait for a subsequent oper-
ation (S220). In this case, power may be supplied to the
light source 130 as a pulse (S221). Thus, the light source
130 may blink. As a result, the lighting device 120 may
also blink (S222).

[0103] When the at least one setting mode is not se-
lected from the plurality of setting modes or the ultrasonic
image processing apparatus does not operate (when the
determination of S200 is No), a power to the light source
130 may be off (S201). As a result, the light source 130
is turned off, and the lighting device 120 may not emit
light (S202).

[0104] Thus, the user may easily recognize a current
status of operation of the ultrasonic image processing
apparatus without glare.

[0105] As is apparent from the above description, a
trackball module, an ultrasonic image processing appa-
ratus including the trackball module, and a method of
controlling the trackball module and the ultrasonic image
processing apparatus are provided. When the trackball
module and the ultrasonic image processing apparatus
using the same are used, eye fatigue caused by direct
lighting of a user control panel may be reduced.

[0106] Particularly, eye fatigue may be reduced by de-
creasing glare by the lighting device disposed around the
trackball of the ultrasonic image processing apparatus.

[0107] Furthermore, the user may recognize a current
status of the ultrasonic image processing apparatus by
controlling the lighting device of the trackball module to
emit various colors.

[0108] In addition, since the lighting device emits dim
light, a long term user of an ultrasonic image processing
apparatus such as a sonographer may have emotional
security.

[0109] Although a few embodiments of the present in-
ventive concept have been shown and described, it
would be appreciated by those skilled in the art that
changes may be made in these embodiments without
departing from the principles and spirit of the inventive
concept, the scope of which is defined in the claims and
their equivalents.

Claims

1. A trackball module, comprising:

a trackball configured to receive a control com-
mand from a user and a lighting device config-
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ured to emit light,
wherein the lighting device comprises:

a light source;

an optical passage bent atleast once to pro-
vide an optical path through which light emit-
ted from the light source passes while being
reflected at least once; and

a light exit opening defined at one end of
the optical passage from which light passing
through the optical passage is emitted to an
outside of the lighting device,

wherein the light exit opening is defined around
the trackball.

2. The trackball module according to claim 1, wherein
the optical passage is bent toward the trackball or in
a direction opposite to the trackball.

3. The trackball module according to claim 1, wherein
the light source is disposed at the other end of the
optical passage opposite to the one end at which the
light exit opening is formed.

4. The trackball module according to claim 1, wherein
a reflective element reflecting light emitted from the
light source is disposed in the optical passage.

5. The trackball module according to claim 1, wherein
the light exit opening is sealed by a cover that trans-
mits light.

6. The trackball module according to claim 1, wherein
the light source is configured to maintain output of
light, blinks, or to cease output of light according to
a setting mode.

7. The trackball module according to claim 1, wherein
the light source is configured to emit light with differ-
ent colors in accordance with a setting mode or user
manipulation of the trackball.

8. The trackball module according to claim 1, wherein
the light source is configured to:

emit light while an external device connected
thereto operates,

emit light as a pulse while waiting for a subse-
quent operation after completion of a previous
operation, and

stop emitting of light while all operations are
stopped, according to a setting mode.

9. An ultrasonicimage processing apparatus using the
trackball modulle of claim 1, comprising:

an ultrasonic probe configured to irradiate ultra-
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sonic waves to an object, receive ultrasonic
waves reflected by the object, convert the re-
ceived ultrasonic waves, and output a plurality
of ultrasonic signals;

animage processor configured to perform beam
forming of the plurality of ultrasonic signals and
generate ultrasonicimage data based on results
of the beam forming; and

a controller configured to generate a control
command for the trackball module and transfer
the generated control command to the trackball
module.

The ultrasonic image processing apparatus accord-
ing to claim 9, wherein the light source is configured
to emit light with different colors in accordance with
a setting mode of the ultrasonic image processing
apparatus or user manipulation of the trackball.

The ultrasonic image processing apparatus accord-
ing to claim 9, wherein:

the light source is configured to emit light while
the ultrasonic image processing apparatus op-
erates according to at least one setting mode
selected from a plurality of setting modes of the
ultrasonic image processing apparatus,

the light source is configured to emit light as a
pulse while the ultrasonic image processing ap-
paratus completes an operation according to the
selected setting mode and waits for a subse-
quent operation, and

the light source is configured not to emit light
while the ultrasonicimage processing apparatus
does not operate.

The ultrasonic image processing apparatus accord-
ing to claim 11, wherein the at least one setting mode
is selected by a user.

The ultrasonic image processing apparatus accord-
ing to claim 9, wherein when Doppler ultrasound us-
ing Doppler effects is used, the light source is con-
figured to control output of light in accordance with
existence of sound of the Doppler ultrasound or vol-
ume of the sound.

A method of controlling an ultrasonicimage process-
ing apparatus comprising a trackball module or con-
nected to the trackball module by use of the trackball
module,

wherein the trackball module comprises a trackball
configured to receive a control command from a us-
er, and a lighting device, wherein the lighting device
comprises a light source, an optical passage bent at
least once to provide an optical path through which
light emitted from the light source passes while being
reflected at least once, and a light exit opening de-
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fined at one end of the optical passage from which
light passing through the optical passage is emitted
to an outside of the lighting device, wherein the light
exit opening is defined around the trackball,

the method comprising:

selecting at least one setting mode from a plu-
rality of setting modes;

controlling the light source to emit light by sup-
plying power to the light source while the ultra-
sonic image processing apparatus operates in
accordance with the selected atleast one setting
mode; and

controlling the light source to blink by supplying
power to the light source as a pulse, while the
ultrasonic image processing apparatus com-
pletes an operation according to the selected at
least one setting mode and waits for a subse-
quent operation.

The method according to claim 14, further compris-
ing turning off the light source by blocking power to
the light source while the at least one setting mode
is not selected from the plurality of setting modes.
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