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VECTOR INTERPOLATION DEVICE AND
METHOD FOR AN ULTRASONIC WAVE
IMAGE

TECHNICAL FIELD

[0001] Thepresentdisclosure in some embodiments relates
to an apparatus and a method for a vector interpolation of an
ultrasound image. More particularly, the present disclosure
relates to an apparatus and a method for a vector interpolation
of an ultrasound image, which can provide a more natural
visual image of ultrasound waves by performing a real-time
interpolation of I-Q complex-valued signals in the complex
signal domain in B-mode and C-mode.

BACKGROUND

[0002] The statements in this section merely provide back-
ground information related to the present disclosure and may
not constitute prior art.

[0003] Ultrasound imaging systems have a probe for trans-
mitting an ultrasound wave signal to an object in contact with
the probe and receiving a reflected ultrasound wave signal
(hereinafter called echo) from the object to form and present
an ultrasound image on a display based on the received echo
signal. The ultrasound image is mainly represented by a
brightness-mode (B-mode) using a reflection coefficient
depending on the difference in acoustic impedance between
different tissues. Besides the B-mode, the ultrasound image
has a C-mode that is a color flow image mode or and a
BC-mode which provides both of the B-mode and the
C-mode for showing the state of blood flows or movements of
the object by using Doppler effect.

[0004] Meanwhile, treatment procedures such as an exami-
nation, biopsy and surgery require an accurate inspection of a
patient’s lesion or tissue, which may require ultrasound imag-
ing systems to obtain a multifocal ultrasound image. How-
ever, acquiring the multifocal ultrasound image may accom-
pany a significant reduction of the frame rate of the ultrasound
image provided by the ultrasound imaging system. With a
view to increasing the frame rate, some approach decreases
the line density. For example, such approach performs only
64 transmissions even with a 128-element probe instead of
normal 128 transmissions. However, this scheme will bring a
lowered resolution in spite of the doubled frame rate.

[0005] Further, the C-mode contains directionality infor-
mation of data, and applying a linear interpolation to the
directional data incurs an interpolation error associated with
the directionality.

DISCLOSURE

Technical Problem

[0006] Inview ofthese deficiencies, some embodiments of
the present disclosure provide an apparatus and a method for
avector interpolation of an ultrasound image, which can offer
amore natural visual image of ultrasound waves by perform-
ing a real-time interpolation of I-Q complex-valued signals in
the complex signal domain in B-mode and C-mode and can
prevent an interpolation error of directionality in the C-mode.

SUMMARY

[0007] At least one embodiment of the present disclosure
provides an apparatus for a vector interpolation of an ultra-
sound image, comprising a probe, a beam former, a demodu-
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lator and an interpolation processor. The probe is configured
to convert an electric signal into an ultrasound signal, transmit
the ultrasound signal to an object, and convert a reflected
ultrasound signal received from the object into an electric
signal. The beam former is configured to form a receive-
focused signal based on the electric signal converted from the
reflected ultrasound signal by the probe. The demodulator is
configured to demodulate the receive-focused signal for
forming I data corresponding to in-phase components and Q
data corresponding to quadrature-phase components. And the
interpolation processor is configured to perform a vector
interpolation with 1:M weighting (M is a natural number)
between different complex-valued signals, based on the I data
and the Q data.

[0008] The apparatus further comprises an envelope detec-
tor and a log compressor. The envelope detector is configured
to perform an envelope detection of a signal by using the
complex-valued signals that underwent the vector interpola-
tion performed by the interpolation processor. And the log
compressor is configured to perform a log compression on an
envelope signal outputted from the envelope detector.
[0009] Here, the interpolation processor operates based on
Euler’s formula to perform the vector interpolation depend-
ing on the product of different complex-valued signals.
[0010] Another embodiment of the present disclosure pro-
vides an apparatus for a vector interpolation of an ultrasound
image, comprising an autocorrelator, an interpolation proces-
sor and a velocity/variance calculator. The autocorrelator is
configured to estimate an average velocity and a signal mag-
nitude associated with blood flow based on an autocorrelation
method. The interpolation processor is configured to perform
a vector interpolation with 1:M weighting (M is a natural
number) between different complex-valued signals, based on
a phase of a vector according to the average velocity and the
signal magnitude of the blood flow. And the velocity/variance
calculator is configured to calculate a velocity and a variance
of the blood flow by using the average velocity and the signal
magnitude which are vector-interpolated by the interpolation
processor.

[0011] Here, the interpolation processor may determine the
phase (0) in the range of —-<0<x based on a rotation period.
[0012] Yet another embodiment of the present disclosure
provides a method for a vector interpolation of an ultrasound
image, comprising: converting an electric signal into an ultra-
sound signal, transmitting the ultrasound signal to an object,
and converting a reflected ultrasound signal received from the
object into an electric signal; forming a receive-focused sig-
nal based on the electric signal converted from the reflected
ultrasound signal; demodulating the receive-focused signal to
form I data corresponding to in-phase components and Q data
corresponding to quadrature-phase components; and per-
forming a vector interpolation with 1:M weighting (M is a
natural number) between different complex-valued signals,
based on the I data and the Q data.

[0013] The method further comprises performing an enve-
lope detection of one or more signals by using the complex-
valued signals that underwent the performing of the vector
interpolation: and performing a log compression on an enve-
lope signal generated by the envelope detection.

[0014] Yet another embodiment of the present disclosure
provides a method for a vector interpolation of an ultrasound
image, comprises estimating an average velocity and a signal
magnitude of blood flow based on an autocorrelation method,
performing a vector interpolation with 1. M weighting (M is a
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natural number) between different complex-valued signals,
based on a phase of a vector according to a velocity and a
change in the signal magnitude of the blood flow; and calcu-
lating velocities and a variance of the complex-valued signals
which are vector-interpolated.

[0015] Here, the performing ofthe vector interpolation may
determine the phase (8) in the range of —w<8<x based on a
rotation period.

Advantageous Effects

[0016] According to some embodiments of the present
embodiment, an apparatus and a method for a vector interpo-
lation of an ultrasound image are implemented to provide a
more natural visual image of ultrasound waves by performing
areal-time interpolation of I-Q complex-valued signals in the
complex signal domain based on the phase ofa vector accord-
ing to changes in blood flow and the feedback of the real-time
interpolation, and to prevent an interpolation error of direc-
tionality in the C-mode.

DESCRIPTION OF DRAWINGS

[0017] FIG.1isablock diagram of an apparatus fora vector
interpolation of an ultrasound image according to at least one
embodiment.

[0018] FIG. 2 is an exemplary diagram of a 1:2 vector
interpolation between complex-valued signals.

[0019] FIG. 3 is an exemplary diagram of 1:M vector inter-
polation between complex-valued signals.

[0020] FIG.4is ablock diagram of an apparatus fora vector
interpolation of an ultrasound image according to another
embodiment.

[0021] FIG. 5 is an exemplary diagram of interpolations
applied to a C-mode image.

[0022] FIG. 6 is a block diagram of a method for a vector
interpolation of an ultrasound image according to at least one
embodiment.

[0023] FIG. 7 is a block diagram of a method for a vector
interpolation of an ultrasound image according to another
embodiment.

DETAILED DESCRIPTION

[0024] Hereinafter, some embodiments of the present dis-
closure will be described in detail with reference to the
accompanying drawings. In the following description, like
reference numerals designate like elements although the ele-
ments are shown in different drawings. Further, in the follow-
ing description of the at least one embodiment, a detailed
description of known functions and configurations incorpo-
rated herein will be omitted for the purpose of clarity and for
brevity.

[0025] Additionally, in describing the components of the
present disclosure, terms like first, second, A, B, (a), and (b)
are used. These are solely for the purpose of differentiating
one component from another, and one of ordinary skill would
understand the terms are not to imply or suggest the sub-
stances, order or sequence of the components. Ifa component
is described as ‘connected’, ‘coupled’, or ‘linked’ to another
component, one of ordinary skill in the art would understand
the components are not necessarily directly ‘connected’,
‘coupled’, or ‘linked’ but also are indirectly ‘connected’,
‘coupled’, or ‘linked’ via a third component.
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[0026] FIG.1isablock diagram of an apparatus for a vector
interpolation of an ultrasound image according to at least one
embodiment.

[0027] Referring to FIG. 1, an apparatus 100 for vector
interpolation of an ultrasound image according to at least one
embodiment includes a probe 110, a beam former 120, a
demodulator 130, aninterpolation processor 140, an envelope
detector 150 and a log compressor 160.

[0028] Probe 110 converts an electric signal into an ultra-
sound signal, transmits the ultrasound signal to an object, and
again converts a reflected ultrasound signal into a reflected
electric signal. Probe 110 is typically formed by combining a
plurality of transducer elements. When the transducer emits
the ultrasound signal to the object, an interface, if formed by
different acoustic impedances of an acoustic propagation
medium, causes reflections and a partial penetration of the
ultrasound signal. If the medium has multiple boundaries,
they reflect a sequence of echoes back to the transducer with
piezo-electric porcelain which is put under stress by the ech-
oes, and thereby generate an electric field proportional to the
echo intensity. The generated electric field is finally converted
to an electric signal. In this way, an ultrasound pulse emitted
to the object develops into multiple pulse echoes back from
respective points at different depths (interfaces) within the
object. With the round trip distance of the pulse echoes con-
sidered, an echo from a tissue located at distance x appears at
a position on time axis of t=2x/c (c=1530 m/s: average speed
of sound). Therefore, the reflection position of the echo can be
determined based on the delay time of the transmitted pulse.
[0029] Beam former 120 forms a receive-focused signal
(RF signal) based on the electric signal converted by probe
110. Beam former 120 converts an analog signal generated by
each transducer element of the probe 110 into a digital signal
and forms a receive-focused signal by adding an appropriate
delay to each digital signal in consideration of its time of
travel from the object to arrive at each transducer element and
then summing all the delayed digital signals.

[0030] Demodulator 130 downconverts the receive-fo-
cused signal formed by beam former 120 into the baseband
signal to form I data corresponding to in-phase components
and Q data corresponding to quadrature-phase components.
In particular, demodulator 130 passes the receive-focused
signal formed by beam former 120 through a high band-pass
filter, multiplying the resulting signal by sine and cosine
functions before passing the product through a low pass filter
and thereby forming the I data and Q data which have been
demodulated into the baseband signal.

[0031] Based on the I data and Q data formed by demodu-
lator 130, interpolation processor 140 performs a vector inter-
polation with 1:M weighting between complex-valued sig-
nals. Here, M is a natural number. The method for the 1:M
weighted vector interpolation will be described with refer-
ence to FIGS. 2 and 3.

[0032] Envelope detector 150 performs an envelope detec-
tion of the signals demodulated by using the signals that
underwent the vector interpolation by interpolation processor
140.

[0033] Logcompressor 160 performs a log compression on
the signals that are envelope-detected by envelope detector
150. Subsequent to the log compression, the signals undergo
a scan conversion in accordance with applications and geo-
metric characteristics of the transducer before image form-
ing. This log compression outputs the I-Q complex-valued
signals to have the dynamic range that is recognizable by



US 2014/0128737 Al

human eye since those that underwent the demodulation have
the Rayleigh distribution and thus have a very large dynamic
range.

[0034] FIG. 2 is an exemplary diagram of a 1:2 vector
interpolation between complex-valued signals.

[0035] FIG. 2 shows interpolation processor 140 perform-
ing a 1:2 weighted vector interpolation on different complex-
valued signals z, andz, based in the respective data formed by
demodulator 130. In this case, interpolation processor 140
may operate based on Euler’s formula to perform the vector
interpolation depending on the product of the different com-
plex-valued signals.

[0036] Assuming the different complex-valued signals z,
and z, to be z,=t,¢/°" and z,=r,e’* respectively, interpolation
processor 140 can perform the 1:2 weighted vector interpo-
lation to calculate interpolated complex-valued signal z; as
shown in Equation 1.

) 6116 Equation 1
1z, ) =2 = (2" = Vrir o )

[0037] Here, r represents the magnitude of the complex-
valued signal, and 0 indicates the phase of the complex signal.
[0038] Similarly, with respect to different complex-valued
signals z, and z,, interpolation processor 140 may carry out
1:M weighted vector interpolation as in Equation 2.

Equation 2

Y|
W g = %)

[0039] Here, the respective interpolated vectors 1,(z,,z,),
1,(7,,25), - - -, 14.,(2,,2,) of complex-valued signals z, and z,
may be expressed as Equation 3.

Equation 3

R
I, =2 5" =T n™ JmaT )

[0040] FIG. 3 is an exemplary diagram of 1:M weighted
vector interpolation between complex-valued signals.
[0041] As illustrated in the drawing, envelope detector 150
performs an envelope detection on vector-interpolated com-
plex-valued signals and log compressor 160 performs a log
compression on the envelope signals.

[0042] FIG. 4 is a schematic diagram of a vector interpola-
tion apparatus for the ultrasound image according to another
embodiment of the present disclosure. In this embodiment,
the vector interpolation apparatus performs the vector inter-
polation for C-mode.

[0043] Referring to FIG. 4, vector interpolation apparatus
400 of the alternative embodiment includes an autocorrelator
410, an interpolation processor 420 and a velocity/variance
calculator 430.

[0044] Autocorrelator 410 may estimate the average veloc-
ity and the signal magnitude of the blood flow based on the
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autocorrelation method. The autocorrelation-based Doppler
average velocity estimation techniques are known to those
skilled in the art and a detailed description thereof will be
omitted.

[0045] Interpolation processor 420 performs a vector inter-
polation with an 1:M weighting (M represents a natural num-
ber) between different complex-valued signals on the basis of
the phase of the vector according to the estimated average
velocity and signal magnitude of the blood flow from auto-
correlator 410. Due to the bidirectivity of information on the
blood flow velocity towards and away from the transformer,
using linear interpolation may undesirably generate the vec-
tor interpolation at the border of two colors a and b, as shown
in FIG. 5. Therefore, the interpolation method needs a modi-
fication before its application to the C-mode.

[0046] To this end, interpolation processor 420 determines
the phase (8) in the range of <0< based on a rotation
period.

[0047] For example, assuming the different complex-val-

ued signals to be z, * and z,?, vector-interpolated signals I(z,,

7,) can be expressed as Equation 4.
11(z1,72)72372, 250 = Op Pl O1+P0D

[0048] Here, a+p=1.

[0049] Here, the sine function of &°*F°» can be

expressed as Equation 5.

Equation 4

OO —cr5(08,+P0,)47sin (O, +p65)

[0050] FIG. 6 is a block diagram of a method for a vector
interpolation of an ultrasound image according to at least one
embodiment.

[0051] Referring to FIGS. 1 to 6, probe 110 converts an
electric signal into an ultrasound signal and transmits the
ultrasound signal to the object and then converts again a
reflected ultrasound signal that has been reflected from the
object into a corresponding electric signal at step S610.
[0052] Beam former 120 forms an RF (receive-focused)
signal based on the electric signal converted by probe 110
(5620). Specifically, beam former 120 converts the analog
signal generated by each transducer element of the probe 110
and forms a receive-focused signal by adding an appropriate
delay to each digital signal in consideration of its time of
travel from the object to arrive at each transducer element and
then summing all the delayed digital signals.

[0053] Demodulator 130 downconverts the receive-fo-
cused signal formed by beam former 120 into the baseband
signal to form I data corresponding to in-phase components
and Q data corresponding tog quadrature-phase components
(S630). Here, demodulator 130 passes the receive-focused
signals formed by beam former 120 through a high band-pass
filter, multiplies the resulting signal by sine and cosine func-
tions before passing the product through a low pass filter and
thereby forms the I data and Q data.

[0054] Based on the I data and Q data formed by demodu-
lator 130, interpolation processor 140 performs a vector inter-
polation with 1:M weighting (M is a natural number) between
complex-valued signals (S640).

[0055] Envelope detector 150 performs an envelope detec-
tion of the signals demodulated by using the vector-interpo-
lated signals from interpolation processor 140 (S650).
[0056] Log compressor 160 performs log compression on
the signals that are envelope-detected by envelope detector
150 (S660). After the log compression, the signals undergo a
scan conversion in accordance with applications and geomet-
ric characteristics of the transducer.

Equation 5
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[0057] FIG. 7 is a block diagram of a method for a vector
interpolation of an ultrasound image according to another
embodiment.

[0058] Referring to FIGS. 4 and 7, autocorrelator 410 may
estimate the average velocity and the signal magnitude of the
blood flow based on the method for auto-correlation (S710).
[0059] Based on the phase of a vector according to the
estimated average velocity and signal magnitude from auto-
correlator 410, interpolation processor 420 performs a vector
interpolation with 1:M weighting (M is a natural number)
between different complex-valued signals (S720).

[0060] Velocity/variance calculator 430 calculates the
velocity and variance of the blood flow with respect to the
vector-interpolated signals (S730).

[0061] Inthe description above, although all of the compo-
nents of the embodiments of the present disclosure may have
been explained as assembled or operatively connected as a
unit, one of ordinary skill would understand the present dis-
closure is not limited to such embodiments. Rather, within
some embodiments of the present disclosure, the respective
components are selectively and operatively combined in any
number of ways. Every one of the components are capable of
being implemented alone in hardware or combined in part or
as a whole and implemented in a computer program having
program modules residing in computer readable media and
causing a processor or microprocessor to execute functions of
the hardware equivalents. Codes or code segments to consti-
tute such a program are understood by a person skilled in the
art. The computer program is stored in a non-transitory com-
puter readable media, which in operation realizes the embodi-
ments of the present disclosure. The computer readable media
includes magnetic recording media, optical recording media
or carrier wave media, in some embodiments.

[0062] In addition, one of ordinary skill would understand
terms like ‘include’, ‘comprise’, and ‘have’ to be interpreted
in default as inclusive or open rather than exclusive or closed
unless expressly defined to the contrary. All the terms that are
technical, scientific or otherwise agree with the meanings as
understood by a person skilled in the art unless defined to the
contrary. One of ordinary skill would understand common
terms as found in dictionaries are interpreted in the context of
the related technical writings not too ideally or impractically
unless the present disclosure expressly defines them so.
[0063] Although exemplary embodiments of the present
disclosure have been described for illustrative purposes, those
skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the essential characteristics ofthe disclosure. Therefore,
exemplary embodiments of the present disclosure have been
described for the sake of brevity and clarity. Accordingly, one
of ordinary skill would understand the scope of the disclosure
is not limited by the explicitly described above embodiments
but by the claims and equivalents thereof.

CROSS-REFERENCE TO RELATED
APPLICATION

[0064] Ifapplicable, this application claims priority under
35 US.C §119(a) of Patent Application No. 10-2011-
0063069, filed on Jun. 28,2011 in Korea, the entire content of
which is incorporated herein by reference. In addition, this
non-provisional application claims priority in countries,
other than the U.S., with the same reason based on the Korean
Patent Application, the entire content of which is hereby
incorporated by reference.
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1. An apparatus for a vector interpolation of an ultrasound
image, the apparatus comprising;

a probe configured to convert an electric signal into an
ultrasound signal, transmit the ultrasound signal to an
object, and convert areflected ultrasound signal received
from the object into an electric signal,

abeam former configured to form a receive-focused signal
based on the electric signal converted from the reflected
ultrasound signal by the probe;

a demodulator configured to demodulate the receive-fo-
cused signal for forming an I data corresponding to
in-phase components and a Q data corresponding to
quadrature-phase components; and

an interpolation processor configured to perform a vector
interpolation with 1:M weighting (M is a natural num-
ber) between different complex-valued signals, based on
the I data and the Q data.

2. The apparatus of claim 1, further comprising:

an envelope detector configured to perform an envelope
detection by using complex-valued signals generated by
the vector interpolation; and

a log compressor configured to perform a log compression
on an envelope signal outputted from the envelope
detector.

3. The apparatus of claim 1, wherein the interpolation
processor performs the vector interpolation by multiplying
the different complex-valued signals according to Fuler’s
formula.

4. An apparatus for a vector interpolation of an ultrasound
image, the apparatus comprising;

an autocorrelator configured to estimate an average veloc-
ity and a signal magnitude associated with blood flow
based on an autocorrelation method;

an interpolation processor configured to perform a vector
interpolation with 1:M weighting (M is a natural num-
ber) between different complex-valued signals, based on
aphase of a vector according to the average velocity and
the signal magnitude of the blood flow; and

a velocity/variance calculator configured to calculate a
velocity and a variance of the blood flow by using the
average velocity and the signal magnitude which are
vector-interpolated by the interpolation processor.

5. The apparatus of claim 4, wherein the interpolation
processor determines the phase (0) in the range of —t<6<90
based on a rotation period.

6. A method for a vector interpolation of an ultrasound
image, the method comprising:

converting an electric signal into an ultrasound signal,
transmitting the ultrasound signal to an object, and con-
verting a reflected ultrasound signal received from the
object into an electric signal;

forming a receive-focused signal based on the electric sig-
nal converted from the reflected ultrasound signal;

demodulating the receive-focused signal to form an I data
corresponding to in-phase components and a Q data
corresponding to quadrature-phase components; and

performing a vector interpolation with 1:M weighting (M
is a natural number) between different complex-valued
signals, based on the I data and the Q data.

7. The method of claim 6, further comprising:

performing an envelope detection by using complex-val-
ued signals generated by the vector interpolation; and

performing a log compression on an envelope signal gen-
erated by the envelope detection.
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8. The method of claim 6, wherein the vector interpolation
is performed by multiplying the different complex-valued
signals according to Euler’s formula.

9. A method for a vector interpolation of an ultrasound
image, the method comprising:

estimating an average velocity and a signal magnitude of a

blood flow based on an autocorrelation method;

performing a vector interpolation with 1:M weighting (M

is a natural number) between different complex-valued
signals, based on a phase of a vector according to a
velocity and a change in the signal magnitude of the
blood flow; and

calculating velocities and a variance of the complex-valued

signals which are vector-interpolated.

10. The method of claim 9, wherein the performing of the
vector interpolation determines the phase (8) in the range of
-11<74 < based on a rotation period.

I I T T
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