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(7) ABSTRACT

Disclosed is a blood flow measurement apparatus using
Doppler ultrasound. The apparatus includes a two-dimen-
sional transducer array in which a plurality of transducers
are two-dimensionally arranged, an acoustic window detec-
tion portion configured to transmit and receive ultrasonic
signals by driving some of the plurality of transducers, to
detect Doppler signals, and to confirm a transducer corre-
sponding to a Doppler signal having high intensity among
the detected Doppler signals, a blood flow detection portion
configured to detect Doppler signals with respect to a
plurality of steering vectors through beam steering using a
plurality of adjacent transducers including the confirmed
transducer and configured to confirm a steering vector
corresponding to a Doppler signal having highest intensity
among the detected Doppler signals, and a Doppler process-
ing portion configured to detect a Doppler signal by per-
forming beam steering using the confirmed steering vector
and to obtain blood flow information from the detected
Doppler signal.
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BLOOD FLOW MEASUREMENT
APPARATUS USING DOPPLER
ULTRASOUND AND METHOD OF
OPERATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2018-0136382, filed
on Nov. 8, 2018, the disclosure of which is incorporated
herein by reference in its entirety.

FIELD

[0002] The present invention relates to an ultrasonic diag-
nosis, and more particularly, to a blood flow measurement
apparatus using Doppler ultrasound and a method of oper-
ating the same.

BACKGROUND

[0003] Generally, measurement of a blood flow rate in a
blood vessel is generally utilized to diagnose a disease.
Ultrasonic diagnosis systems using Doppler effect are gen-
erally used.

[0004] A method of measuring a blood flow using Doppler
effect of ultrasonic waves has a feature capable of nonin-
vasively measuring a speed of a blood flow in real time and
is generally utilized in diagnosis of modern medicine.
[0005] In an ultrasonic diagnosis system using Doppler
effect, a speed of an object is determined by transmitting an
ultrasonic signal to a target such as a red blood cell,
receiving the signal reflected from the object, and then
detecting frequency deviation of the received signal caused
by movement of the object.

[0006] That is, an ultrasonic wave having a particular
frequency is incident on a human body and the ultrasonic
wave reflected by a red blood cell flowing through a blood
vessel is detected. Here, since a frequency of the detected
ultrasonic wave is different from the frequency of the
incident ultrasonic wave, a blood flow rate is measured by
detecting such variations of frequency.

[0007] In abrief description of a principle of measuring a
blood flow rate using an ultrasonic signal, an ultrasonic
signal is transmitted to a target through an ultrasonic probe
and the ultrasonic signal reflected by the target is obtained
through the ultrasonic probe.

[0008] Here, when the target moves, a center frequency of
the reflected signal changes from a center frequency of the
transmitted signal. A movement speed of the target may be
calculated from variations of the center frequency of the
reflected signal. Here, the movement speed of the target is
proportional to Doppler shift of the signal reflected by the
target.

[0009] In the case of a patient of a cardiovascular disease
such as a stroke and the like, it is necessary to monitor a state
of a disease by measuring a blood flow rate of'a blood vessel.
To this end, the blood flow rate is measured using Doppler
ultrasound. For example, a transcranial Doppler (TCD)
ultrasonography is a method of measuring a blood flow rate
and Doppler spectrum waveforms in a blood vessel in a
cranial cavity using ultrasonic waves of a low frequency of
2 MHz. In TCD, an ultrasonic wave is launched into a
cranium, an echo reflected by a red blood cell of a blood
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vessel is analyzed, and Doppler shift is converted into a
velocity and shown as Doppler spectrum.

[0010] However, since it is generally difficult for an ultra-
sonic signal to pass through a cranium, it is necessary to
measure a blood flow through an acoustic window which is
a thin part of the cranium (for example, a vicinity of a temple
of temporal lobe) in TCD. Since the acoustic window is a
relatively thin part of the cranium through which an ultra-
sonic signal easily passes anatomically and includes a tem-
poral window, an orbital window, a suboccipital window, a
submandibula window, a retromandibular window, and the
like.

[0011] However, since the acoustic window has a narrow
area and an anatomical position slightly differs for each
person and is not seen with naked eyes, it is necessary to
detect the position depending on user’s experiences and
generally accompanies trial and error. Also, even when an
ultrasonic probe is located in the acoustic window, in order
to obtain a precise Doppler signal, it is necessary that a user
who anatomically well understands a direction in which a
blood vessel is present and allows a direction of the ultra-
sonic probe to face the direction in which the blood vessel
is present.

[0012] Accordingly, blood flow measurement of TCD and
the like can be performed by only skilled experts and it is
necessary to perform correction in real time according to
movement or posture of a patient such that a lot of time and
efforts are necessary for measurement.

SUMMARY

[0013] The present invention is directed to providing a
blood flow measurement apparatus using Doppler ultra-
sound which is capable of significantly reducing time and
efforts for detecting an acoustic window and a blood vessel
direction while measuring a blood flow using Doppler
ultrasound, and a method of operating the blood flow
measurement apparatus.

[0014] Aspects of the present invention are not limited to
the above-stated aspect and other unstated aspects of the
present invention will be understood by those skilled in the
art from a following description.

[0015] According to an aspect of the present invention,
there is provided a blood flow measurement apparatus using
Doppler ultrasound. The apparatus includes a two-dimen-
sional transducer array in which a plurality of transducers
configured to transmit and receive ultrasonic signals with an
object are two-dimensionally arranged, an acoustic window
detection portion configured to transmit and receive ultra-
sonic signals by driving some of the plurality of transducers,
to detect Doppler signals with respect to the some transduc-
ers, and to confirm a transducer corresponding to a Doppler
signal having high intensity among the detected Doppler
signals, a blood flow detection portion configured to detect
Doppler signals with respect to a plurality of steering vectors
through beam steering using a plurality of adjacent trans-
ducers including the confirmed transducer and configured to
confirm a steering vector corresponding to a Doppler signal
having highest intensity among the detected Doppler sig-
nals, and a Doppler processing portion configured to detect
a Doppler signal by performing beam steering using the
confirmed steering vector and to obtain blood flow infor-
mation from the detected Doppler signal.

[0016] The acoustic window detection portion may drive
the some transducers at the same time.
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[0017] The blood flow measurement apparatus may fur-
ther include a multiplexer connected to the two-dimensional
transducer array so as to drive the some transducers at the
same time.

[0018] The some transducers may be distributed to be
scattered in the two-dimensional transducer array.

[0019] An ultrasonic signal transmitted from each of the
some transducers may be a spherical wave signal.

[0020] The number of the some transducers may be an
available channel number or less.

[0021] The blood flow detection portion may confirm two
or more steering vectors corresponding to a Doppler signal
greater than a certain threshold value among the detected
Doppler signals.

[0022] The acoustic window detection portion may con-
firm a transducer corresponding to the Doppler signal having
highest intensity through machine learning.

[0023] According to another aspect of the present inven-
tion, there is provided a method of operating a blood flow
measurement apparatus using Doppler ultrasound. The
method includes (a) transmitting and receiving ultrasonic
signals by driving some transducers of a two-dimensional
transducer array in which a plurality of transducers config-
ured to transmit and receive ultrasonic signals with an object
are two-dimensionally arranged, and detecting Doppler sig-
nals with respect to the some transducers, (b) confirm a
transducer corresponding to a Doppler signal having highest
intensity among the detected Doppler signals, (c) detecting
Doppler signals with respect to the plurality of steering
vectors through beam steering using a plurality of adjacent
transducers including the confirmed transducer, (d) confirm
a steering vector corresponding to a Doppler signal having
highest intensity among the detected Doppler signals, and
() detecting a Doppler signal by performing beam steering
using the confirmed steering vector and obtaining blood flow
information from the detected Doppler signal.

[0024] The some transducers may be driven at the same
time.
[0025] The some transducers may be distributed to be

scattered in the two-dimensional transducer array.

[0026] An ultrasonic signal transmitted from each of the
some transducers may be a spherical wave signal.

[0027] The number of the some transducers may be an
available channel number or less.

[0028] The operation (d) may include confirming two or
more steering vectors corresponding to a Doppler signal
greater than a certain threshold value among the detected
Doppler signals.

[0029] The operation (b) may include confirming a trans-
ducer corresponding to the Doppler signal having highest
intensity through machine learning.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The above and other objects, features and advan-
tages of the present invention will become more apparent to
those of ordinary skill in the art by describing exemplary
embodiments thereof in detail with reference to the accom-
panying drawings, in which:

[0031] FIG. 1 illustrates a configuration of a blood flow
measurement apparatus using Doppler ultrasound according
to one embodiment of the present invention;

[0032] FIG. 2 illustrates an example of a two-dimensional
transducer array;
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[0033] FIG. 3 illustrates an acoustic window of an object
in which some of driven transducers and a two-dimensional
transducer array are arranged;

[0034] FIG. 4 schematically illustrates a cross section of
an acoustic window part of cranium;

[0035] FIG. 5 illustrates an example of a Doppler signal
detected with respect to each of some of driven transducers;
[0036] FIG. 6 illustrates an example of transducers
selected to be driven for beam steering on an acoustic
window;

[0037] FIG. 7 illustrates an example of several steering
vectors obtained through bema steering and a steering vector
among them which heads for a blood flow spot in a blood
vessel in an object; and

[0038] FIG. 8 is a flowchart illustrating a method of
operating a blood flow measurement apparatus using Dop-
pler ultrasound according to one embodiment of the present
invention.

DETAILED DESCRIPTION

[0039] Hereinafter, exemplary embodiments of'the present
invention will be described in detail with reference to the
drawings. Hereinafter, in the description and the attached
drawings, substantially like elements will be referred to as
with like reference numerals and a repetitive description
thereof will be omitted. Also, in a description of embodi-
ments of the present invention, a detailed description of a
well-known technology of the related art will be omitted
when it is deemed to obscure the essence of the present
invention.

[0040] FIG. 1 illustrates a configuration of a blood flow
measurement apparatus using Doppler ultrasound according
to one embodiment of the present invention.

[0041] Referring to FIG. 1, the blood flow measurement
apparatus using Doppler ultrasound according to the
embodiment may include a two-dimensional transducer
array 110, a multiplexer 120, a transmission/reception por-
tion 130, a pulse generation portion 140, a signal processing
portion 150, a beam steering portion 160, a processor 170,
a communication portion 180, and a display device 190.
[0042] The two-dimensional transducer array 110 is
formed by two-dimensionally arranging a plurality of trans-
ducers configured to transmit and receive ultrasonic signals.
Each of the plurality of transducers included in the two-
dimensional transducer array 110 may convert an input
electrical signal into an ultrasonic signal, transmit the ultra-
sonic signal to an object, receive the ultrasonic signal
reflected from the object, and convert the received ultrasonic
signal into an electrical signal.

[0043] The multiplexer 120 is configured to drive trans-
ducers of a channel number (or less) supported by a device
among the transducers of the two-dimensional transducer
array 110, selects transducers to be driven, and matches
signal line numbers of the two-dimensional transducer array
110 and a rear end of the multiplexer 120. That is, in order
to drive some transducers of the two-dimensional transducer
array 110 when an ultrasonic signal is transmitted or an echo
signal is received, the multiplexer 120 connects the corre-
sponding transducers to the transmission/reception portion
130.

[0044] The transmission/reception portion 130, under the
control of the processor 170, transmits a high voltage pulse
signal generated by the pulse generation portion 140 to the
two-dimensional transducer array 110 through the multi-
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plexer 120 or transmits an analog echo signal received from
the two-dimensional transducer array 110 through the mul-
tiplexer 120 to the signal processing portion 150. In detail,
the transmission/reception portion 130 performs a switching
operation of connecting a TX circuit formed of the processor
170, the beam steering portion 160, and the pulse generation
portion 140 to the two-dimensional transducer array 110
when transmitting an ultrasonic signal and performs a
switching operation of connecting the two-dimensional
transducer array 110 to an RX circuit formed of the signal
processing portion 150, the beam steering portion 160, and
the processor 170.

[0045] The pulse generation portion 140 generates a high
voltage pulse signal to be applied to the two-dimensional
transducer array 110 (precisely, some transducers of the
two-dimensional transducer array 110) to generate an ultra-
sonic signal. The pulse signal is, for example, 2 MHz and
has a certain pulse repetition frequency (PRF). A delay time
for determining transmission directionality may be applied
to a pulse signal of each channel to be applied to each
transducer.

[0046] The signal processing portion 150 generates ultra-
sonic data by processing an analog echo signal reflected and
received from an object. The signal processing portion 150
may amplify the echo signal for each channel, remove noise
therefrom, and perform analog-digital conversion. A delay
time for determining reception directionality may be applied
to the digital-converted echo signal.

[0047] The beam steering portion 160 performs beam
steering to transmit an ultrasonic signal to an interested
region of particular steering vectors (that is, a particular
distance and a particular direction) and to receive an echo
signal under the control of the processor 170. The beam
steering portion 160 may apply a transmission delay time to
the pulse generation portion 140 and apply a reception delay
time to the signal processing portion 150 to perform beam
steering.

[0048] The processor 170 may control operations of com-
ponents forming the device, that is, the multiplexer 120, the
transmission/reception portion 130, the pulse generation
portion 140, the signal processing portion 150, the beam
steering portion 160, the communication portion 180, and
the like, detect a Doppler signal from ultrasonic data, obtain
blood flow information such as a speed, a direction, and the
like of a blood flow on the basis of the detected Doppler
signal, and generate a Doppler image which shows the blood
flow information with colors or waveforms. The Doppler
image may include a blood flow Doppler image (otherwise,
referred to as a color flow image) which indicates a flow of
blood, a tissue Doppler image which indicates movement of
tissue, a spectral Doppler image which indicates a move-
ment speed of an object with waveforms, and the like.
[0049] The processor 170 may include an acoustic win-
dow detection portion 171, a blood flow detection portion
172, and a Doppler processing portion 173. Detailed move-
ments thereof will be described in detail with reference to
FIG. 2.

[0050] The communication portion 180 is configured to
transmit or receive data with another device such as the
display device 190 or the like and may transmit blood flow
information of a Doppler image to the display device under
the control of the processor 170. The communication portion
180 may use a wired or wireless communication method to
perform data transmission. As the wired communication
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method, data may be transmitted or received using a wired
cable such as a universal serial bus (USB) cable and the like.
As the wireless communication method, Bluetooth, wireless
USB, wireless local area network (LAN), WiFi, Zigbee,
infrared data association (IrDA), and the like may be used.
[0051] Thedisplay device 190 receives and displays blood
flow information or a Doppler image on a screen. The
display device 190 may include a smart phone, a tablet
personal computer (PC), a mobile phone, a video phone, an
e-book reader, a desktop PC, a laptop PC, a netbook com-
puter, a workstation, a personal digital assistant, a portable
multimedia player (PMP), and the like,

[0052] Also, the communication portion 180 may be con-
nected through a network through wires or wirelessly and
communicate with an external device or server. The com-
munication portion 180 may transmit or receive data with a
server or other medical devices in a clinic which are con-
nected through a picture archiving and communication sys-
tem (PACS). Also, the communication portion 180 may
communicate data according to digital imaging and com-
munications in medicine (DICOM) standards. In addition,
the communication portion 270 may perform data commu-
nication with not only the server or medical devices in the
clinic but also a portable terminal of a physician, patient, or
guardian.

[0053] FIG. 2 illustrates an example of the two-dimen-
sional transducer array 110. For example, the two-dimen-
sional transducer array 110 may include MxN number of
transducers 1100 arranged in an M number of rows and an
N number of columns as shown in the drawing. Here, M and
N may be the same number or different numbers.

[0054] When the device supports a K number of channels,
the multiplexer 120 may be connected to the transmission/
reception portion 130 through a K number of signal lines and
may be connected to the two-dimensional transducer array
110 through an MxN number of signal lines. The MxN
number of signal lines correspond to the transducers 1100
included in the two-dimensional transducer array 110. The
multiplexer 120 may drive the required K number (or less)
of transducers by performing a switching operation of
connecting signals lines corresponding to the transducers to
be driven among the MxN number of signal lines to the K
number of signal lines under the control of the processor
170.

[0055] The acoustic window detection portion 171 trans-
mits and receives an ultrasonic signal by driving some of the
transducers of the two-dimensional transducer array 110 at
the same time and detects Doppler signals with respect to the
driven some transducers. Here, the ultrasonic signal trans-
mitted by each of the driven transducers becomes a spherical
wave which has no or less directivity. Also, the acoustic
window detection portion 171 confirms a transducer corre-
sponding to a Doppler signal having highest intensity among
the detected Doppler signals and regards the transducer as a
transducer located in an acoustic window.

[0056] FIG. 3 illustrates an acoustic window of an object
in which some transducers driven by the acoustic window
detection portion 171 and the two-dimensional transducer
array 110 are arranged, and FIG. 4 schematically illustrates
a cross section of an acoustic window part of cranium.
[0057] Referring to FIG. 4, an ultrasonic signal is practi-
cally reflected by a thick bone part of most of cranium and
does not reach to a depth thereinside. However, the ultra-
sonic signal may pass through an acoustic window W region
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which is a thin part in comparison to a periphery thereof like
a vicinity of temple of temporal lobe at which a thin bone is
placed and reach a blood vessel P.

[0058] The acoustic window detection portion 171 may
select transducers to be driven to be distributed and scattered
to be relatively uniform within an available channel number
among the transducers of the two-dimensional transducer
array 110. FIG. 3 illustrates, for example, a case in which

nine transducers 1101, 1102, . . . , and 1109 corresponding
to nine channels are selected.
[0059] In the example of FIG. 3, as shown in the drawing,

the acoustic window (actually not seen) is located over the
transducer 1104 and the transducer 1105, and the transducer
1104 overlaps with a more part of the acoustic window W.

[0060] Since ultrasonic signals transmitted by the trans-
ducers 1104 and 1105 pass through the acoustic window W,
when the ultrasonic signal is reflected by a blood flow of a
blood vessel, a Doppler image may be detected. Here, since
the transmitted ultrasonic signal has no or less directivity,
even when the blood vessel does not pass just below the
acoustic window W, a Doppler signal may be detected.
However, since ultrasonic signals transmitted from the trans-
ducers 1101, 1102, 1103, 1106, 1107, 1108, and 1109 do not
pass through the acoustic window W and do not reach the
blood flow of the blood vessel, Doppler images are not
detected.

[0061] FIG. 5 illustrates Doppler images detected with
respect to nine channels, that is, the nine transducers 1101,
1102, . . ., and 1109. Referring to FIG. 5, a Doppler signal
having highest intensity is detected from a fourth channel,
and a Doppler signal having intensity lower than that of the
fourth channel is detected from a fifth channel. This is
because the transducer 1104 corresponding to the fourth
channel overlaps with a larger part of the acoustic window
W than that of the transducer 1105 corresponding to the fifth
channel.

[0062] Accordingly, the acoustic window detection por-
tion 171 regards the transducer 1104 of the fourth channel
corresponding to the Doppler signal having the highest
intensity as a transducer located in the acoustic window W.

[0063] The acoustic window detection portion 171 may
detect a position of an acoustic window at once through the
above operation and may detect an optimum acoustic win-
dow through a plurality of times by changing transducers to
be driven as necessary. For example, when a threshold value
of the intensity of a Doppler signal is determined and all of
detected Doppler signals are smaller than the threshold
value, transducers are changed (for example, are shifted or
selected again except the already selected) to transmit and
receive ultrasonic signals such that a transducer from which
a Doppler signal greater than the threshold is detected may
be detected.

[0064] Meanwhile, since a Doppler signal generally has a
poor signal-to-noise ratio and an ultrasonic signal from a
single transducer is relatively insignificant, for example, a
machine-learning algorithm such as a convolutional neural
network and the like may be used in order to an optimal
acoustic window. For example, patterns of Doppler signals
as shown in FIG. 5 may be obtained from a plurality of
patient samples whose positions of acoustic windows are
known, and the transducer corresponding to the Doppler
signal having highest intensity may be confirmed using the
data through machine learning.
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[0065] When a position of an acoustic window (that is, a
transducer above the acoustic window) is confirmed by the
acoustic window detection portion 171, the blood flow
detection portion 172 detect Doppler signals with respect to
a plurality of steering vectors through beam steering using a
plurality of adjacent transducers including the correspond-
ing transducer. Also, the blood flow detection portion 172
confirms a steering vector corresponding to the Doppler
signal having the highest intensity among the detected
Doppler signals, as a steering vector of a point where a blood
flow of a blood vessel passes.

[0066] FIG. 6 illustrates a case in which as the transducer
1104 among the nine transducers 1101, 1102, . . ., and 1109
of FIG. 3 is confirmed as the transducer located above the
acoustic window W, the adjacent transducers 1104, 1110,
1111, . . ., and 1117 including the transducer 1104 are
selected as transducers to be driven for beam steering.
Although a central point of the transducer 1104 becomes a
central point O of beam steering (that is, steering vector) in
an example of FIG. 6, a particular point between the
transducers may become the central point depending on
arrangement or a shape of the transducer (for example, a
variety of shapes such as a triangle, a hexagonal shape, and
the like).

[0067] FIG. 7 illustrates several steering vectors V1, V2,
V3, . .. obtainable through beam steering using the trans-
ducers 1104, 1110, 1111, .. ., and 1117 of FIG. 6 and a blood
vessel P in an object. For example, in the case of transcranial
color Doppler (TCD), the blood vessel may be one of a
middle cerebral artery, an anterior cerebral artery, a posterior
cerebral artery, an ophthalmic artery, a vertebral artery, a
basilar artery, and the like. Referring to FIG. 7, since a
steering vector V2 is a steering vector of a point where a
blood flow in the blood vessel P passes, a Doppler signal
having highest intensity is detected from the steering vector
V2.

[0068] Accordingly, the blood flow detection portion 172
confirms the steering vector V2 from which the Doppler
signal having the highest intensity is detected, as a steering
vector of a point where the blood flow in the blood vessel P
passes.

[0069] When the steering vector of the point where the
blood flow in the blood vessel passes is confirmed by the
blood flow detection portion 172, the Doppler processing
portion 173 performs beam steering using the corresponding
steering vector and transmits and receives an ultrasonic
signal using the corresponding steering vector to detect a
Doppler signal. Also, the Doppler processing portion 173
may obtain blood flow information such as a speed, direc-
tion, and the like of the blood flow from the detected
Doppler signal and generate a Doppler image shown as
colors or waveforms.

[0070] The above blood flow detection operation of the
blood flow detection portion 172 is not stopped and repeti-
tively and continuously performed so as to track the blood
flow in real time. Accordingly. when the steering vector
corresponding to the Doppler signal having the highest
intensity, that is, the steering vector of the point where the
blood flow passes is changed, the Doppler processing por-
tion 173 may detect a Doppler signal by performing beam
steering using the changed steering vector.

[0071] Also, although the blood flow detection portion
172 may detect one steering vector corresponding to the
Doppler signal having the highest intensity as described
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above, two blood vessels may be present. Accordingly, a
thread value of Doppler signal intensity may be determined
and two or more steering vectors corresponding to the
Doppler signal greater than the threshold value may be
detected such that blood flows of two or more blood vessels
may be detected. In this case, the Doppler processing portion
173 may obtain blood flow information of two or more blood
vessels by transmitting and receiving ultrasonic signals
using respective steering vectors.

[0072] A part of the blood flow measurement apparatus
using the Doppler ultrasound according to the embodiment
of the present invention may be manufactured as a patch
type and be attached to a measurement part of a patient. For
example, the patch to be attached to the measurement part of
the patient may include the two-dimensional transducer
array 110, the multiplexer 120, the transmission/reception
portion 130, the pulse generation portion 140, the signal
processing portion 150, and the beam steering portion 160.
Also, an addition set-top box connected to the patch through
wires or wirelessly may include the processor 170, the
communication portion 180, and the like. The display device
190 may be integrally included in the set-top box, and an
external device such as a smart phone may be used as the
display device 190.

[0073] FIG. 8 is a flowchart illustrating a method of
operating a blood flow measurement apparatus using Dop-
pler ultrasound according to one embodiment of the present
invention. Since the operation method according to the
embodiment includes operations performed by the above-
described blood flow measurement apparatus using Doppler
ultrasound, the above description related to the blood flow
measurement apparatus using Doppler ultrasound is applied
to the operation method according to the embodiment even
when a part of the description is omitted below.

[0074] In operation 710, an ultrasonic signal is transmitted
and received by driving some of the transducers of the
two-dimensional transducer array 110 at the same time and
Doppler signals are detected with respect to the driven some
transducers.

[0075] In operation 720, a transducer corresponding to a
Doppler signal having highest intensity among the detected
Doppler signals is confirmed.

[0076] In operation 730, Doppler signals with respect to a
plurality of steering vectors are detected through beam
steering using a plurality of adjacent transducers including
the confirmed transducer.

[0077] In operation 740, a steering vector corresponding
to the Doppler signal having highest intensity among the
detected Doppler signals is confirmed.

[0078] In operation 750, beam steering is performed using
the confirmed steering vector and a Doppler signal is
detected by transmitting and receiving an ultrasonic signal
using the corresponding steering vector so as to detect the
Doppler signal.

[0079] In operation 760, blood flow information such as a
speed, direction, and the like of a blood flow is obtained
from the detected Doppler signal.

[0080] Embodiments of the present invention may be
shown as functional block components and a variety of
processing operations. The functional blocks may be imple-
mented through a variety of numbers of hardware and/or
software components which implement particular functions.
For example, an embodiment may employ integrated circuit
components such as a memory, processing, logic, look-up
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table, and the like which are capable of performing a variety
functions under the control of one or more microprocessors
or other control devices. Similar to the components of the
present invention being executable using software program-
ming or software elements, the embodiment may include a
variety of algorithms which are implemented through a data
structure, processes, routines, or a combination of other
programming components and may be implemented as a
programming or scripting language such as C, C++, Java, an
assembler, and the like. Functional aspects may be imple-
mented as an algorithm executed by one or more processors.
Also, the embodiment may employ a related art for elec-
tronic environment settings, signal processing, data process-
ing, and/or the like. The terms such as “mechanism,” “ele-
ment,” “means,” and “component” may be widely used and
are not limited to mechanical and physical components. The
terms may include the meaning of a series of routines of
software in connection with a process and the like.
[0081] Particular executions described in the embodiment
are merely examples, and the scope of the embodiment is not
limited to any methods. For briefness of the specification, a
description of conventional electronic components, control
systems, software, and other functional aspects of the sys-
tems will be omitted. Also, connection or connection mem-
bers of lines between components shown in the drawings are
exemplarily shown as functional connection and/or physical
or circuit connections and may be a variety of replaceable or
additional functional connections, physical connection, or
circuit connections in a real apparatus. Also, unless stated in
detail such as “essential,” “significant,” and the like, a
component may not be positively necessary for applying of
the present invention.
[0082] According to the embodiments of the present
invention, there is present an effect capable of significantly
reducing time and efforts for detecting an acoustic window
and a blood vessel direction while measuring a blood flow
rate using Doppler ultrasound.
[0083] Although exemplary embodiments of the present
invention have been described above, it will be understood
by one of ordinary skill in the art that modifications of the
present invention may be made without departing from the
essential features of the present invention. Therefore, the
disclosed embodiments should be considered not in a limited
view but in a descriptive view. The scope of the present
invention will be shown in the claims not in the above
description, and all differences within an equivalent range
thereof should be interpreted as being included in the present
invention.
What is claimed is:
1. A blood flow measurement apparatus using Doppler
ultrasound, comprising:
atwo-dimensional transducer array in which a plurality of
transducers configured to transmit and receive ultra-
sonic signals with an object are two-dimensionally
arranged;
an acoustic window detection portion configured to trans-
mit and receive ultrasonic signals by driving some of
the plurality of transducers, to detect Doppler signals
with respect to the some transducers, and to confirm a
transducer corresponding to a Doppler signal having
high intensity among the detected Doppler signals;
a blood flow detection portion configured to detect Dop-
pler signals with respect to a plurality of steering
vectors through beam steering using a plurality of
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adjacent transducers including the confirmed trans-
ducer and configured to confirm a steering vector
corresponding to a Doppler signal having highest inten-
sity among the detected Doppler signals; and

a Doppler processing portion configured to detect a Dop-

pler signal by performing beam steering using the
confirmed steering vector and to obtain blood flow
information from the detected Doppler signal.

2. The blood flow measurement apparatus of claim 1,
wherein the acoustic window detection portion drives the
some transducers at the same time.

3. The blood flow measurement apparatus of claim 2,
further comprising a multiplexer connected to the two-
dimensional transducer array so as to drive the some trans-
ducers at the same time.

4. The blood flow measurement apparatus of claim 2,
wherein the some transducers are distributed to be scattered
in the two-dimensional transducer array.

5. The blood flow measurement apparatus of claim 2,
wherein an ultrasonic signal transmitted from each of the
some transducers is a spherical wave signal.

6. The blood flow measurement apparatus of claim 2,
wherein the number of the some transducers is an available
channel number or less.

7. The blood flow measurement apparatus of claim 2,
wherein the blood flow detection portion confirms two or
more steering vectors corresponding to a Doppler signal
greater than a certain threshold value among the detected
Doppler signals.

8. The blood flow measurement apparatus of claim 2,
wherein the acoustic window detection portion confirms a
transducer corresponding to the Doppler signal having high-
est intensity through machine learning.

9. A method of operating a blood flow measurement
apparatus using Doppler ultrasound, the method comprising:

(a) transmitting and receiving ultrasonic signals by driv-

ing some transducers of a two-dimensional transducer
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array in which a plurality of transducers configured to
transmit and receive ultrasonic signals with an object
are two-dimensionally arranged, and detecting Doppler
signals with respect to the some transducers;

(b) confirm a transducer corresponding to a Doppler
signal having highest intensity among the detected
Doppler signals;

(c) detecting Doppler signals with respect to the plurality
of steering vectors through beam steering using a
plurality of adjacent transducers including the con-
firmed transducer;

(d) confirm a steering vector corresponding to a Doppler
signal having highest intensity among the detected
Doppler signals; and

(e) detecting a Doppler signal by performing beam steer-
ing using the confirmed steering vector and obtaining
blood flow information from the detected Doppler
signal.

10. The method of claim 9, wherein the some transducers

are driven at the same time.

11. The method of claim 10, wherein the some transducers
are distributed to be scattered in the two-dimensional trans-
ducer array.

12. The method of claim 10, wherein an ultrasonic signal
transmitted from each of the some transducers is a spherical
wave signal.

13. The method of claim 10, wherein the number of the
some transducers is an available channel number or less.

14. The method of claim 10, wherein the operation (d)
comprises confirming two or more steering vectors corre-
sponding to a Doppler signal greater than a certain threshold
value among the detected Doppler signals.

15. The method of claim 10, wherein the operation (b)
comprises confirming a transducer corresponding to the
Doppler signal having highest intensity through machine
learning.
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