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(54) Ultrasound system and method of controlling the same

(57) An ultrasound diagnosis apparatus and a meth-
od of controlling the same is provided. The apparatus
haptically outputs a bio-signal or a movement signal of
a target object so that a state of the target object can be
felt through tactile sense. The ultrasound diagnosis ap-
paratus includes a signal acquisitioner that acquires an

ultrasound signal of a target object, and a signal gener-
ator that generates a bio-signal or movement signal of
the target objet from the ultrasound signal. A signal con-
verter converts the bio-signal or movement signal of the
target object into a sensory signal, and a signal transmit-
ter transmits the sensory signal to a haptic device.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to an ultrasound
system to convert an ultrasound signal acquired from a
target object into a sensory signal to output the sensory
signal, and a method of controlling the ultrasound sys-
tem.

BACKGROUND

[0002] An ultrasound diagnosis apparatus has been
extensively used in the medical field to acquire internal
information of a target object due to its non-invasive and
nondestructive nature. In particular, the ultrasound diag-
nosis apparatus may image a state of a fetus to show
the image to a pregnant woman or may allow the preg-
nant woman to listen to the heartbeat of the fetus as a
sound using a Doppler signal. A state of the fetus may
be diagnosed. Further, the pregnant woman may have
a moving experience and develop a bond with the fetus.
[0003] Such a service for providing a sensory output
of the state of the fetus is valuable to pregnant women,
and thus, there is a need to develop various technologies
for providing a haptic output of the state of the fetus as
well as an auditory or visual output of the state of the fetus.

SUMMARY

[0004] An aspect of the present disclosure provides an
ultrasound system and a method of controlling the same,
which convert a bio-signal or a movement signal of a
target object into a sensory signal including visual, audi-
tory, and haptic signals to output the sensory signal, and
thus, a state of the target object may experience through
various senses.
[0005] Additional aspects of the disclosure 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 disclosure.
[0006] In accordance with an exemplary embodiment
of the present disclosure, an ultrasound system includes
a signal acquisitioner to acquire an ultrasound signal of
a target object. A signal generator generates a bio-signal
or a movement signal of the target objet from the ultra-
sound signal. A signal converter converts the bio-signal
or the movement signal of the target object into a sensory
signal, and a signal transmitter transmits the sensory sig-
nal to a haptic device.
[0007] The sensory signal may include a haptic signal.
[0008] The sensory signal may further include an au-
ditory signal.
[0009] The signal transmitter may transmit, as a visual
signal, the ultrasound signal and the bio-signal or the
movement signal to the haptic device.
[0010] The bio-signal may be a heartbeat signal, and
the signal converter may convert the bio-signal of the

target object into a digital signal having signal character-
istics of the bio-signal and may convert a pulse signal
into the sensory signal.
[0011] The bio-signal may be a heartbeat signal, and
the signal converter may convert the bio-signal or the
movement signal of the target object into the sensory
signal with different intensities according to an intensity
of the bio-signal.
[0012] The bio-signal may be a heartbeat signal, and
the signal converter may convert the bio-signal or move-
ment signal of the target object into the sensory signal
with different output times according to an intensity of the
bio-signal.
[0013] The signal generator may generate the move-
ment signal of the target object using a tracking algorithm.
[0014] The ultrasound system may further include an
input to set a movement recognition target and a refer-
ence line.
[0015] The signal generator may generate the move-
ment signal based on a relationship between the move-
ment recognition target and the reference line.
[0016] The signal generator may generates the move-
ment signal when the movement recognition target and
the reference line approach each other such that a dis-
tance there between is equal to or less than a preset
distance.
[0017] The ultrasound system may further include the
haptic device to receive the sensory signal transmitted
from the signal transmitter and to haptically and audibly
output the sensory signal.
[0018] The ultrasound system may further include an
input to set a response sensitivity of the haptic device
with respect to the bio-signal or movement signal of the
target object.
[0019] The ultrasound system may further include a
signal storage to store the sensory signal, wherein the
sensory signal stored in the signal storage may be loaded
and transmitted to the haptic device through the signal
transmitter.
[0020] The haptic device may include a signal receiver
to receive the sensory signal from the signal transmitter,
a signal storage to store the sensory signal, and an ac-
tuator driven according to the sensory signal when the
sensory signal stored in the signal storage is loaded.
[0021] In accordance with another aspect of the
present disclosure, a method of controlling an ultrasound
system includes acquiring an ultrasound signal of a target
object and generating a bio-signal or movement signal
of the target objet from the ultrasound signal. The bio-
signal or movement signal of the target object is convert-
ed into a sensory signal, and the sensory signal is trans-
mitted to a haptic device.
[0022] The converting of the bio-signal of the target
object into the sensory signal may include converting the
bio-signal of the target object into a pulse signal, and
converting the pulse signal into the sensory signal.
[0023] The bio-signal may be a heartbeat signal, and
the converting of the bio-signal of the target object into
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the sensory signal may include converting the bio-signal
of the target object into the sensory signal with different
intensities according to an intensity of the bio-signal.
[0024] The bio-signal may be a heartbeat signal, and
the converting of the bio-signal of the target object into
the sensory signal may include converting the bio-signal
of the target object into the sensory signal with different
output times according to an intensity of the bio-signal.
[0025] The generating of the movement signal of the
target object may include generating the movement sig-
nal of the target object using a tracking algorithm.
[0026] The method may further include setting a move-
ment recognition target and a reference line in order to
generate the movement signal of the target object.
[0027] The generating of the movement signal of the
target object may include generating the movement sig-
nal based on a relationship between the movement rec-
ognition target and the reference line.
[0028] The generating of the movement signal of the
target object may include generating the movement sig-
nal when the movement recognition target and the ref-
erence line approach each other such that a distance
there between is equal to or less than a preset distance.
[0029] The method may further include receiving the
sensory signal through the haptic device and haptically
and audibly outputting the sensory signal.
[0030] The method may further include setting a re-
sponse sensitivity of the haptic device with respect to the
bio-signal or movement signal of the target object.
[0031] The method may further include storing the sen-
sory signal, wherein the transmitting of the sensory signal
to the haptic device may include loading the sensory sig-
nal and transmitting the sensory signal to the haptic de-
vice.
[0032] The receiving the sensory signal through the
haptic device and the haptically and audibly outputting
the sensory signal may include storing the sensory sig-
nal, and driving an actuator according to the sensory sig-
nal when the sensory signal is loaded.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] These and/or other aspects of the disclosure
will become apparent and more readily appreciated from
the following description of the embodiments, taken in
conjunction with the accompanying drawings.

FIG. 1 is a control block diagram of an ultrasound
system according to an embodiment of the present
disclosure.

FIG. 2 is a diagram showing an external appearance
of an overall structure of an ultrasound system ac-
cording to an embodiment of the present disclosure.

FIG. 3 is a control block diagram showing a structure
of a signal acquisitioner.

FIG. 4 is a diagram showing a fetal heartbeat signal
generated by a signal generator.

FIG. 5A is a diagram showing a pulse signal based
on a fetal heartbeat signal.

FIG. 5B is a diagram showing a haptic signal con-
verted from a pulse signal.

FIG. 6A is a graph showing a signal with vibration,
intensity of which varies according to an intensity of
a heartbeat signal.

FIG. 6B is a graph showing a signal with vibration,
a period of time of which varies according to an in-
tensity of a heartbeat signal.

FIG. 7 is a control block diagram of an ultrasound
system that further includes an input and a display.

FIGS. 8A and 8B are diagrams related to generation
of a fetal movement signal.

FIG. 9 is a control block diagram of the ultrasound
system to store and load a bio-signal or movement
signal of a target object.

FIG. 10 is a flowchart of a method of controlling an
ultrasound system, according to an embodiment of
the present disclosure.

FIG. 11 is a flowchart of a method of controlling an
ultrasound system to express fetal movement using
a tracking algorithm and a collision detection algo-
rithm.

DETAILED DESCRIPTION

[0034] Reference will now be made in detail to embod-
iments of the present disclosure, examples of which are
illustrated in the accompanying drawings.
[0035] FIG. 1 is a control block diagram of an ultra-
sound system 100 according to an embodiment of the
present disclosure and FIG. 2 is a diagram showing an
external appearance of an overall structure of the ultra-
sound system 100 according to an embodiment of the
present disclosure.
[0036] Referring to FIG. 1, the ultrasound system 100
includes a signal acquisitioner 110 to acquire an ultra-
sound signal of a target object, and a signal generator
120 to generate a bio-signal or movement signal of the
target objet from the ultrasound signal. A signal converter
130 converts the bio-signal or movement signal of the
target object into a sensory signal, and a signal transmit-
ter 140 transmits the sensory signal to a haptic device
150 A haptic device 150 implements the transmitted sen-
sory signal in a sensory form. Here, the sensory signal
may include a haptic signal and may further include an
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auditory signal or visual signal as necessary.
[0037] The signal acquisitioner 110, the signal gener-
ator 120, the signal converter 130, and the signal trans-
mitter 140 may be included in an ultrasound diagnosis
apparatus 101. Thus, referring to FIG. 2, the haptic device
150 is connected to the ultrasound diagnosis apparatus
101 through a wireless or wired network to receive the
haptic signal.
[0038] The haptic device 150 includes a signal receiver
151 to receive the haptic signal and an actuator 153 driv-
en according to the received haptic signal. The haptic
device 150 may be a device realized by adding a haptic
function to a portable device such as a portable phone
or a separate device to provide haptic feedback. Thus,
the haptic device 150 may be any device to provide haptic
feedback by driving the transmitted haptic signal, and
thus, a type thereof is not particularly limited.
[0039] FIG. 3 is a control block diagram showing a
structure of the signal acquisition unit 110. Referring to
FIG. 3, the signal acquisitioner 110 includes a transmis-
sion signal generator 111 to generate a transmission sig-
nal to be transmitted to the target object. An ultrasound
probe 112 receives the transmission signal from the
transmission signal generator 111, converts the trans-
mission signal into an ultrasound signal, and transmits
and receives the ultrasound signal to and from the target
object. A beam former 113 receives an ultrasound echo
signal from the ultrasound probe 112 to generate a re-
ceiving focus signal.
[0040] The ultrasound probe 112 includes a plurality
of transducers to interconvert the ultrasound signal and
an electrical signal, and a driver to drive a transducer to
swing. The driver may be a stepping motor for control of
a rotation angle. When the transmission signal is trans-
mitted from the transmission signal generator 111, the
transducer converts the transmitted transmission signal
into an ultrasound signal to transmit the ultrasound signal
to the target object and receives an ultrasound echo sig-
nal reflected by the target object to generate a receiving
signal. In this case, the receiving signal is an analog sig-
nal.
[0041] In detail, the ultrasound probe 112 appropriately
delays an input time of pulses to each transducer to trans-
mit focused ultrasound beams to the target object along
a transmission scan line. Ultrasound echo signals reflect-
ed by the target object are input to each transducer at
different receiving times and each transducer outputs the
input ultrasound echo signals.
[0042] When the ultrasound probe 112 transmits ultra-
sound waves, the beam former 113 adjusts driving timing
of each transducer of the ultrasound probe 112 to focus
the ultrasound waves at a specific location. When the
receiving signal is transmitted from the ultrasound probe
112, the beam former 113 converts the analog receiving
signal into a digital signal. In addition, the beam former
113 focuses the digital signal to generate the receiving
focus signal in consideration of a position and focusing
point of the transducer. Hereinafter, the ultrasound signal

according to the above-described embodiment may be
the receiving focus signal output from the beam former
113 or an ultrasound image signal on which an imaging
process is performed in order to image the target object.
[0043] The signal generator 120 generates the bio-sig-
nal or movement signal of the target object from the ul-
trasound signal of the target object. Generation of the
bio-signal of the target object will be described with re-
gard to an embodiment of the present disclosure.
[0044] FIG. 4 is a diagram showing a fetal heartbeat
signal generated by the signal generator 120.
[0045] There are various bio-signals of the target ob-
ject. For example, when the target object is a fetus, the
bio-signal may be a heartbeat signal. In this case, Dop-
pler Effect may be used in order to generate the fetal
heartbeat signal from an ultrasound signal. Ultrasound
waves irradiated from the ultrasound probe 112 into a
human body collide with a moving object inside the hu-
man body and are reflected back to the ultrasound probe
112. The irradiated ultrasound waves and the reflected
ultrasound waves have different frequencies. Such fre-
quency change is called Doppler shift, and a phenome-
non in which the Doppler shift occurs refers to the
[0046] Doppler Effect.
[0047] In detail, ultrasound waves irradiated from the
ultrasound probe 112 into the abdomen of a pregnant
woman are reflected by a tissue, which moves in syn-
chronization with fetal heartbeat of a heart wall, a blood
vessel wall, blood, or the like, back to the ultrasound
probe 112, and the frequency of the reflected ultrasound
waves is shifted. Thus, the signal generator 120 may
extract a signal, the frequency of which is shifted, from
the ultrasound signal to generate the fetal heartbeat sig-
nal shown in FIG. 4.
[0048] FIG. 5A is a diagram showing a pulse signal
based on the fetal heartbeat signal and FIG. 5B is a di-
agram showing a haptic signal converted from the pulse
signal.
[0049] The signal converter 130 converts the heartbeat
signal of FIG. 4 into the haptic signal. Referring back to
FIG. 4, the fetal heartbeat signal has periodicity accord-
ing to ventricular systole. Thus, the signal converter 130
may generate a simple digital signal shown in FIG. 5A,
for example, a pulse signal based on ventricular systole
indicated in the heartbeat signal. The digital signal con-
tains the characteristics of the heartbeat signal.
[0050] In addition, the signal converter 130 generates
the haptic signal shown in FIG. 5B based on the gener-
ated pulse signal. The haptic signal is a signal to drive
the haptic device 150 to vibrate or provide haptic feed-
back. The signal transmitter 140 transmits the haptic sig-
nal to the haptic device 150 through a wired or wireless
network. In addition, the haptic signal is used to provide
haptic feedback through the haptic device 150.
[0051] The haptic sense may include all senses ob-
tained from external mechanical, thermal, chemical, and
electric stimuli applied to skin, muscle, tendon, and joint
of a human body and may be classified into tactile sense

5 6 



EP 2 749 229 A1

5

5

10

15

20

25

30

35

40

45

50

55

and kinesthetic sense.
[0052] The tactile sense is the sense of touch where
the geometric shape, roughness, temperature, and slip
of a contact surface are recognized via sense of the skin
spread in or around the knuckle, palm, or the like. The
kinesthetic sense is the sense of touch where total con-
tact force, flexibility, weight, or the like is recognized via
proprioception of bone and joint as well as muscle of the
fingers, wrists, arms, or the like.
[0053] As an example, when the haptic device 150 vi-
brates according to the haptic signal shown in FIG. 5B,
a user may feel the fetal heartbeat through the vibration.
[0054] The haptic device 150 may provide other feed-
back such as visual and auditory feedback together with
the haptic feedback. To this end, the signal converter 130
may convert the heartbeat signal that is a bio-signal into
an auditory signal and may transmit the converted audi-
tory signal to the haptic device 150 through the signal
transmitter 140. In addition, the haptic device 150 may
output fetal heartbeat sound through a speaker.
[0055] In addition, the ultrasound signal, that is, a fetus
image signal acquired by the signal acquisitioner 110
may also be transmitted to the haptic device 150 through
the signal transmitter 140. The haptic device 150 may
visually output the transmitted fetus image signal. In ad-
dition, a Doppler signal generated by the signal generator
120 may also be transmitted to the haptic device 150
through the signal transmitter 140 and may be output in
the form of graph through a display. In this regard, when
the Doppler signal is output together with the fetus image
signal, the image shown in FIG. 4A may be output through
the haptic device 150. However, embodiments of the
present disclosure are not limited thereto, and any visual
signal related to a state of the fetus may be output through
the haptic device 150.
[0056] FIG. 6A is a graph showing a signal with vibra-
tion, the intensity of which varies according to an intensity
of a heartbeat signal. FIG. 6B is a graph showing a signal
with vibration, a period of time of which varies according
to an intensity of a heartbeat signal.
[0057] The haptic signal of FIG. 5B indicates only a
period of a fetal heartbeat signal. In an ultrasound system
according to an embodiment of the present disclosure,
the intensity of the fetal heartbeat as well as a period of
the fetal heartbeat may be haptically expressed. As an
example, the intensity of the vibration signal may vary
according to the intensity of the fetal heartbeat signal, as
shown in FIG. 6A. Thus, the haptic device 150 outputs
the vibration signal, the intensity of which is increased
as the intensity of the fetal heartbeat is increased.
[0058] As another example, a period of time when vi-
bration occurs may vary according to the intensity of the
fetal heartbeat signal, as shown in FIG. 6B. Thus, the
haptic device 150 outputs the vibration signal, a period
of time of which is increased as the intensity of the fetal
heartbeat is increased.
[0059] The haptic device 150 may express the fetal
heartbeat through kinesthetic sense as well as haptic

sense such as the aforementioned vibration. As an ex-
ample, the haptic device 150 may adopt a method in
which liquid is concentrated on a specific location of the
haptic device 150 to expand. In this regard, the fetal
heartbeat may be expressed by repeating expansion and
contraction according to the haptic signal shown in FIG.
5B. The location where liquid is concentrated may be a
location within a user’s reach, a heart location of a fetus
image displayed on a display of the haptic device 150,
or an arbitrary location determined by the user.
[0060] In addition, it may be possible to express only
a period of the fetal heartbeat according to the signal
shown in FIG. 5B, to express liquid with different expan-
sion degrees according to the intensity of the fetal heart-
beat using the signal shown in FIG. 6A, or to express
liquid with different expansion times according to the in-
tensity of the fetal heartbeat using the signal shown in
FIG. 6B.
[0061] As described above, an auditory signal may al-
so be output through the haptic device 150. In this regard,
the fetal heartbeat may be audibly expressed, that is,
may be expressed as a sound together with haptic sense.
In this case, the sound with different intensities or differ-
ent output times may be expressed according to the in-
tensity of the fetal heartbeat.
[0062] The embodiments described with reference to
FIGS. 4 through 6 relate to an ultrasound system to ex-
press fetal heartbeat through senses such as haptic
sense or the like when a target object is a fetus. Herein-
after, an ultrasound system to express movement of a
fetus (i.e., fetal movement) through senses such as hap-
tic sense or the like will be described.
[0063] FIG. 7 is a control block diagram of an ultra-
sound system that further includes an input 160 and a
display 170, and FIGS. 8A and 8B are diagrams related
to generation of a fetal movement signal.
[0064] Referring to FIG. 7, the ultrasound system 100
described with reference to FIG. 1 may further include
the input 160 to receive a user’s command related to
signal generation, and the display 170 displays an inter-
nal image of a target object. The signal generator 120
may generate the fetal movement signal. To this end, for
example, a tracking algorithm or a collision detection al-
gorithm may be used.
[0065] The ultrasound signal acquired by the signal ac-
quisitioner 110 may include a two-dimensional or three-
dimensional ultrasound signal of the fetus. As shown in
FIG. 8A, when the fetus ultrasound signal acquired by
the signal acquisitioner 110 is output through the display
170, the user sets a reference line and a movement rec-
ognition target through the input 160. The input 160 may
be implemented as a keyboard, a trackball, a mouse, a
touch panel, or the like. When the display 170 is implant-
ed as a touchscreen, the touchscreen may perform func-
tions of both the display 170 and the input 160.
[0066] The input 160 and the display 170 may be in-
cluded in the ultrasound diagnosis apparatus 101 or the
haptic device 150, or may be included in each of the
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ultrasound diagnosis apparatus 101 and the haptic de-
vice 150.
[0067] The signal generator 120 may recognize move-
ment of the movement recognition target in real time us-
ing a tracking algorithm such as particle tracking, Kalman
tracking, Blob detection, or the like.
[0068] In addition, the signal generator 120 determines
whether a relationship between the reference line and
the movement recognition target satisfies a preset con-
dition. Here, the preset condition is a condition to deter-
mine whether the movement recognition target moves
based on the reference line. For example, a case in which
the reference line and the movement recognition target
approach each other such that a distance there between
may be equal to or less than a preset distance, or a case
in which the movement recognition target reaches the
reference line may be set as a condition for generation
of a haptic signal.
[0069] For example, in the latter case, when movement
of the movement recognition target is tracked in real time,
if the movement recognition target reaches, that is, col-
lides with the reference line, as shown in FIG. 8B, the
signal generator 120 generates a movement signal indi-
cating the fetal movement and the signal converter 130
converts the movement signal into the haptic signal such
as a vibration signal and transmits the haptic signal to
the haptic device 150 through the signal transmitter 140.
[0070] The signal converter 130 may convert the fetal
movement signal into an auditory signal and transmit the
auditory signal to the haptic device 150 through the signal
transmitter 140. In this case, the auditory signal may be
a signal indicating collision of the movement recognition
target with the reference line or other signals from which
the fetal movement may be detected.
[0071] In addition, a fetus ultrasound image or a fetal
movement image shown in FIGS. 8A and 8B may also
be transmitted to the haptic device 150 and may be vis-
ually output through a display of the haptic device 150.
[0072] FIG. 9 is a control block diagram of the ultra-
sound system 100 to store and load a bio-signal or move-
ment signal of a target object.
[0073] The ultrasound system 100 according to an em-
bodiment of the present disclosure may store the bio-
signal or the movement signal of the target object and
may reload and output the bio-signal or movement signal
as necessary. The ultrasound system 100 may further
include a signal storage 180 to store a sensory signal
converted by a signal converter 130, and the haptic de-
vice 150 may further include a signal storage 152 to store
the sensory signal transmitted thereto.
[0074] The user may store the fetus ultrasound image
and sensory signal acquired during diagnosis of a preg-
nant woman in the signal storage 180. When the user
wants to recheck a state of the fetus or the pregnant
woman wants to re-feel the fetal movement, the user may
load and output the fetus ultrasound image and sensory
signal.
[0075] In addition, when the haptic device 150 is im-

plemented as a portable device such as a portable phone,
the pregnant woman may receive the fetus ultrasound
image and the sensory signal from the ultrasound diag-
nosis apparatus 101 and store the fetus ultrasound image
and the sensory signal in the signal storage 152, and
then load the fetus ultrasound image and the sensory
signal and allow the sensory signal to be output through
tactile sense such as vibration or the like through the
haptic device 150 whenever she wants to feel the fetal
movement.
[0076] As another method of haptically outputting
movement of the target object, a movement oscillation
wave is output along the movement of the target object.
When this method is used, the haptic signal may be out-
put such that vibration may flow along the movement of
the target object.
[0077] In detail, when the target object is a fetus, if the
fetus ultrasound image acquired by the signal acquisi-
tioner 110 and the haptic signal generated by the signal
converter 130 are transmitted to the haptic device 150,
the fetus ultrasound image is displayed on the display
170 included in the haptic device 150 and the haptic sig-
nal is output as the movement oscillation wave in syn-
chronization with the fetal movement of the fetus ultra-
sound image displayed on the display 170. That is, the
vibration output through the display 170 may flow on a
surface of the display 170 in synchronization with the
fetal movement. In this case, the pregnant woman may
more dynamically feel the fetal movement.
[0078] Response sensitivity may be set through the
input 160 and refers to a degree by which the haptic de-
vice 150 responds to the bio-signal or movement signal
of the target object. When the response sensitivity is set
low, haptic sense is output low, and when the response
sensitivity is set high, the haptic sense is output high.
[0079] In addition, it may be possible to determine a
location of the target object where the bio-signal is gen-
erated, through the input 160. For example, when a fetal
heartbeat signal is generated using the Doppler Effect,
the location of the fetus heart may be automatically set
by determining a location where frequency shift occurs,
or alternatively, the user may directly set the location of
the fetus heart through the input 160 by viewing the fetus
ultrasound image.
[0080] In the above-described embodiments of the
present disclosure, the signal converter 130 is included
in the ultrasound diagnosis apparatus 101, which is
merely an embodiment of the present. Alternatively, the
signal converter 130 may be included in the haptic device
150. In this case, when the signal generator 120 gener-
ates the bio-signal or movement signal of the fetus and
transmits the bio-signal or movement signal to the haptic
device 150, the haptic device 150 may convert the bio-
signal or movement signal into a sensory signal, such
as, a haptic signal, a visual signal, an auditory signal,
and the like.
[0081] Hereinafter, a method of controlling an ultra-
sound system will be described with regard to an embod-
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iment of the present disclosure with reference to a flow-
chart.
[0082] FIG. 10 is a flowchart of a method of controlling
an ultrasound system, according to an embodiment of
the present disclosure. For detailed description, in an em-
bodiment of the present disclosure, a case in which a
target object is a fetus will be described.
[0083] Referring to FIG. 10, an ultrasound signal of the
fetus is acquired (311). The ultrasound signal may be
acquired using a general method of acquiring an ultra-
sound signal by bringing an ultrasound probe into contact
with the abdomen of a pregnant woman.
[0084] A fetal heartbeat signal or a movement signal
is generated from the acquired ultrasound signal (312).
The fetal heartbeat signal may be generated using the
Doppler Effect. In this regard, the fetal heartbeat signal
may be generated by extracting a signal, the frequency
of which is shifted, from the ultrasound signal. The fetal
movement signal will be described below.
[0085] In addition, the fetal heartbeat signal or the
movement signal is converted into a sensory signal (313).
When the heartbeat signal is converted, the heartbeat
signal is converted into a simple signal such as a pulse
signal. Then, the pulse signal may be converted into the
sensory signal. The sensory signal may be a haptic signal
such as vibration or may include the haptic signal and a
visual signal or an auditory signal. In addition, the sensory
signal may be stored, and then, may be loaded and trans-
mitted to a haptic device as necessary.
[0086] When the converted haptic signal is transmitted
to the haptic device (314), an actuator of the haptic device
operates according to the sensory signal (315). For ex-
ample, when the sensory signal is a haptic signal and
the haptic device is a device that vibrates according to
the haptic signal, the haptic device may vibrate according
to the operation of the actuator, and a user may feel fetal
heartbeat or fetal movement through the vibration.
[0087] As another example, the fetal heartbeat may be
expressed by concentrating liquid on a specific location
of the haptic device and repeating expansion and con-
traction according to the haptic signal.
[0088] If the sensory signal further includes a visual
signal or an auditory signal, the visual signal may be out-
put through a display included in the haptic device or the
auditory signal may be output through a speaker. The
visual signal may be a Doppler signal that is expressed
in the form of fetus image signal or graph and the auditory
signal may indicate heartbeat as a sound.
[0089] In this case, the user may set a response sen-
sitivity. In addition, the haptic device may adjust an in-
tensity of the sensory signal according to the set re-
sponse sensitivity and may output the sensory signal.
The sensory signal transmitted to the haptic device may
be stored in the haptic device, and then, may be loaded
to drive the actuator as necessary.
[0090] FIG. 11 is a flowchart of a method of controlling
an ultrasound system to express fetal movement using
a tracking algorithm and a collision detection algorithm.

Referring to FIG. 11, a reference line for recognition of
movement and a movement recognition target, move-
ment of which is to be recognized are set (321). An ul-
trasound image of a target object may be displayed, and
a user may set the desired reference line and movement
recognition target on the displayed ultrasound image. In
this case, a display for displaying the ultrasound image
and an input used for user setting may be included in the
ultrasound diagnosis apparatus or may be included in
the haptic device.
[0091] When the setting is completed, movement of
the set target object is tracked in real time (322). The
movement of the movement recognition target may be
tracked using a tracking algorithm such as particle track-
ing, Kalman tracking, Blob detection, or the like.
[0092] A haptic signal is generated based on a rela-
tionship between the reference line and the movement
recognition target (323). As an example, when the rela-
tionship between the reference line and the movement
recognition target satisfies a preset condition, a signal
indicating that the movement recognition target moves,
that is, a movement signal may be generated. The preset
condition is a condition to determine whether the move-
ment recognition target moves based on the reference
line. For example, a case in which the reference line and
the movement recognition target approach each other
such that a distance there between may be equal to or
less than a preset distance, or a case in which the move-
ment recognition target reaches the reference line may
be set as a condition for generation of the movement
signal. In addition, the movement signal is converted into
the haptic signal.
[0093] When the haptic signal is transmitted to the hap-
tic device (324), the actuator of the haptic device operates
according to the haptic signal (326). For example, when
the haptic device is a device that vibrates according to
the haptic signal, the haptic device may vibrate according
to the operation of the actuator, and the user may feel
fetal movement through the vibration.
[0094] The fetal movement signal may be converted
into an auditory signal and may be transmitted to the
haptic device 150 through the signal transmitter 140.
Here, the auditory signal may be a signal indicating col-
lision of the movement recognition target with the refer-
ence line or other sounds via which fetal movement may
be detected. In addition, a fetus ultrasound image or a
fetal movement image may also be transmitted to the
haptic device 150 or may be visually output through a
display of the haptic device 150.
[0095] As is apparent from the above description, a
state of a target object may be felt through various senses
such as visual, auditory, and haptic senses. In particular,
when the target object is a fetus, a pregnant woman may
feel fetal heartbeat or fetal movement through various
senses such as visual, auditory, and haptic senses,
thereby increasing the link between the fetus and the
pregnant woman. In addition, fetal heartbeat or fetal
movement may be implemented in a place such as a
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home rather than a hospital.
[0096] Although a few embodiments of the present dis-
closure have been shown and described, it would be ap-
preciated by those skilled in the art that changes may be
made in these embodiments without departing from the
principles and spirit of the disclosure, the scope of which
is defined in the claims and their equivalents.

Claims

1. An ultrasound system comprising:

a signal acquisition unit to acquire an ultrasound
signal of a target object;
a signal generation unit to generate a bio-signal
or movement signal of the target objet from the
ultrasound signal;
a signal conversion unit to convert the bio-signal
or movement signal of the target object into a
sensory signal; and
a signal transmission unit to transmit the sensory
signal to a haptic device.

2. The ultrasound system according to claim 1,
wherein the sensory signal comprises a haptic signal
or a auditory signal.

3. The ultrasound system according to claim 2,
wherein the signal transmission unit transmits, as a
visual signal, the ultrasound signal and the bio-signal
or the movement signal to the haptic device.

4. The ultrasound system according to claim 2
wherein the signal conversion unit converts the bio-
signal of the target object into a pulse signal and
converts the pulse signal into the haptic signal and
the auditory signal.

5. The ultrasound system according to claim 2,
wherein the bio-signal is a heartbeat signal, and
wherein the signal conversion unit converts the bio-
signal or movement signal of the target object into
the haptic signal and the auditory signal with different
intensities according to intensity of the bio-signal or
output times according to intensity of the bio-signal.

7. The ultrasound system according to claim 2,
wherein the signal generation unit generates a
movement signal of the target object using a tracking
algorithm, and
further comprising an input unit to set a movement
recognition target and a reference line.

8. The ultrasound system according to claim 7,
wherein the signal generation unit generates a
movement signal based on a relationship between
the movement recognition target and the reference

line, and
wherein the signal generation unit generates the
movement signal when the movement recognition
target and the reference line approach each other
such that a distance there between is equal to or less
than a preset distance.

9. The ultrasound system according to claim 3, fur-
ther comprising a haptic device to receive the sen-
sory signal transmitted from the signal transmission
unit and to haptically and audibly output the sensory
signal.

10. The ultrasound system according to claim 9,
wherein the haptic device visually outputs the ultra-
sound signal and the bio-signal or the movement sig-
nal.

11. The ultrasound system according to claim 10,
further comprising an input unit to set response sen-
sitivity of the haptic device with respect to the bio-
signal or movement signal of the target object.

12. The ultrasound system according to claim 1, fur-
ther comprising a storage unit to store the sensory
signal,
wherein the sensory signal stored in the storage unit
is loaded and transmitted to the haptic device
through the signal transmission unit.

13. The ultrasound system according to claim 9,
wherein the haptic device comprises:

a signal receiving unit to receive the sensory sig-
nal from the signal transmission unit;
a storage unit to store the sensory signal; and
an actuator driven according to the sensory sig-
nal when the sensory signal stored in the storage
unit is loaded.

14. A method of controlling an ultrasound system,
the method comprising:

acquiring an ultrasound signal of a target object;
generating a bio-signal or movement signal of
the target objet from the ultrasound signal;
converting the bio-signal or movement signal of
the target object into a sensory signal; and
transmitting the sensory signal to a haptic de-
vice.

15. The method according to claim 14, wherein the
sensory signal comprises a haptic signal or an au-
ditory signal.
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