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(57) ABSTRACT

The present disclosure in one or more embodiments provides
a scan converter, an ultrasound diagnostic apparatus, and a
method capable of performing real-time interpolation with-
out directional distortion. An embodiment of the present dis-
closure prevents directional distortion of velocity data by
performing vector interpolation by using a weight according
to distances of four adjacent complex signals in color flow-
mode (C-mode) and achieves real-time scan conversion by
constructing a lookup table for vector interpolation.
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SCAN CONVERTER AND ULTRASONIC
DIAGNOSTIC APPARATUS AND METHOD
CAPABLE OF REAL-TIME INTERPOLATION
WITHOUT DIRECTIONAL DISTORTION

TECHNICAL FIELD

[0001] The present disclosure in one or more embodiments
relates to a scan converter, an ultrasound diagnostic apparatus
and a method thereof, which are capable of performing real-
time interpolation without directional distortion. More par-
ticularly, the present disclosure relates to a scan converter, an
ultrasound diagnostic apparatus and a method thereof, which
comprise performing real-time interpolation without direc-
tional distortion in carrying out scan conversion of velocity
data of blood flow in C-mode and a method for constructing
a lookup table for the interpolation.

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 apparatus employs a transducer
transmitting ultrasound signal to a subject on its surface con-
tacted by the transducer, and receives ultrasound signal
reflected from the subject (hereinafter called reflection or
echo signals), forms an ultrasound image of the subject based
on the reflection signals received through the transducer, and
displays the ultrasound image on a display. The ultrasound
image may be expressed as brightness-mode (B-mode), color
flow-mode (C-mode), BC-mode, etc. The B-mode is an
image mode using a reflection coefficient which depends
upon the difference in acoustic impedance between tissues
and the C-mode is an image mode for displaying blood flow
or motion of a subject by using Doppler effect. The BC-mode
is an image mode providing both the B-mode image and the
C-mode image.

[0004] Lacking velocity data of a subject, the B-mode may
be free from a directional distortion, whereas the C-mode
(including BC-mode as will be so described hereinafter)
includes velocity data and the directional distortion may
occur when using a conventional interpolation method.

DISCLOSURE

Technical Problem

[0005] Therefore, the present disclosure has been made
partly in an effort to prevent the directional distortion of
velocity data by performing vector interpolation by using four
adjacent complex signals in consideration of a weight in the
C-mode according to distance and to achieve real-time scan
conversion by constructing a lookup table for vector interpo-
lation.

SUMMARY

[0006] In accordance with some embodiments of the
present disclosure, a scan converter is provided for generating
an interpolation signal by performing vector interpolation to
represent, in Cartesian coordinates, a complex signal
obtained in polar coordinates by a transducer. The scan con-
verter comprises a complex signal selector, a first temporal
interpolation signal generator, a second temporal interpola-
tion signal generator and an interpolation signal generator.
The complex signal selector is configured to select four com-

Oct. 30,2014

plex signals adjacent to the interpolation signal. The first
temporal interpolation signal generator is configured to gen-
erate four first temporal interpolation signals by vector-inter-
polating every two complex signals which are two adjacent
interpolatable signals among the selected four complex sig-
nals by using a weight according to a distance between each
of the two interpolatable signals and the interpolation signal.
The second temporal interpolation signal generator is config-
ured to generate two second temporal interpolation signals by
vector-interpolating every two first temporal interpolation
signals which are two opposite interpolatable signals center-
ing on the interpolation signal among the generated four first
temporal interpolation signals by using a weight according to
a distance between each of the two interpolatable signals and
the interpolation signal. And the interpolation signal genera-
tor is configured to generate the interpolation signal by vec-
tor-interpolating by using an averaged weight from averaging
the generated two second temporal interpolation signals sub-
jecttointerpolation as the two opposite interpolatable signals.
[0007] Here, the complex signal selector may make selec-
tions of two scan lines as a first scan line and a second scan
line adjacent to the interpolation signal among multiple scan
lines in radial directions, two complex signals which are
adjacent to the interpolation signal and are located on the first
scan line, and two complex signals which are adjacent to the
interpolation signal and are located on the second scan line.
[0008] The weight according to the distance for the first
temporal interpolation signal generator may be a ratio of a
distance between one of the adjacent interpolatable signals
and the interpolation signal to a sum of the distance between
the one interpolatable signal and the interpolation signal and
a distance between the other of the adjacent interpolatable
signals and the interpolation signal.

[0009] The weight according to distance for the second
temporal interpolation signal generator may be a ratio of a
distance between one of the opposite interpolatable signals
and the interpolation signal to a sum of the distance between
the one interpolatable signal and the interpolation signal and
a distance between the other of the interpolatable signals and
the interpolation signal.

[0010] The averaged weight may be 0.5.

[0011] Theinterpolation signal may include distance infor-
mation obtained through a geometric mean of distances of the
two second temporal interpolation signals and phase infor-
mation obtained through an arithmetic mean of phases of the
two second temporal interpolation signals.

[0012] The scan converter may further comprise an inter-
polation phase information extractor configured to extract
phase information 0, of the first and second temporal inter-
polation signals and of the interpolation signal from using a
lookup table. Here, the lookup table may store the phase
information 0, predetermined according to phase magnitudes
0, and 6, of the two interpolatable signals and weights . and
[ depending on the respective distances from the two inter-
polatable signals to the interpolation signal.

[0013] The lookup table may store the phase information
expressed by

sin(ad) + f56;) )

_ -l
03 = oty + fo: = 1an (cos(a@l +8,) )

where a+p=1.
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[0014] Another aspect of the present disclosure provides a
vector interpolation method for generating an interpolation
signal by performing vector interpolation to enable a scan
converter to represent, in Cartesian coordinates, a complex
signal obtained in polar coordinates by a transducer. The
method comprises selecting four complex signals adjacent to
the interpolation signal; generating four first temporal inter-
polation signals by vector-interpolating every two complex
signals which are two adjacent interpolatable signals among
the selected four complex signals by using a weight according
to a distance between each of the two interpolatable signals
and the interpolation signal; generating two second temporal
interpolation signals by vector-interpolating every two first
temporal interpolation signals which are two opposite intet-
polatable signals centering on the interpolation signal among
the generated four first temporal interpolation signals by
using a weight according to a distance between each of the
two interpolatable signals and the interpolation signal; and
generating the interpolation signal by vector-interpolating by
using an averaged weight from averaging the generated two
second temporal interpolation signals subject to interpolation
as the two opposite interpolatable signals.

[0015] Here, the averaged weight may be 0.5.

[0016] The vector interpolation method may further com-
prise extracting phase information 6, of the first and second
temporal interpolation signals and of the interpolation signal
from using a lookup table. Here, the lookup table may store
the phase information 0, predetermined according to phase
magnitudes 6, and 8, of the two interpolatable signals and
weights o and [} depending on the respective distances from
the two interpolatable signals to the interpolation signal.
[0017] Inaccordance with yet another aspect of the present
disclosure, an ultrasound diagnostic apparatus comprises a
transducer, a beamformer, a demodulator and a scan con-
verter. The transducer is configured to convert an electric
analog signal into an ultrasound signal, transmit the ultra-
sound signal to a subject, and convert an ultrasound signal
reflected from the subject into an electric analog signal. The
beamformer is configured to form a receive-focusing signal
based on the converted electric analog signal. The demodu-
lator is configured to form I data comprising in-phase com-
ponents and Q data comprising quadrature-phase compo-
nents by demodulating the receive-focusing signal into a
baseband signal. And the scan converter is configured to
generate an interpolation signal by performing vector intet-
polation to represent, in Cartesian coordinates, a complex
signal obtained in polar coordinates, based on the I data and
the Q data. Here, the scan converter generates the interpola-
tion signal by vector-interpolating four complex signals adja-
cent to the interpolation signal by using a weight according to
a distance between each of the four complex signals and the
interpolation signal.

[0018] The ultrasound diagnostic apparatus may further
comprises an analog/digital (A/D) converter configured to
convert the electric analog signal transformed by the trans-
ducer into an electric digital signal.

[0019] The scan converter may comprise a complex signal
selector, a first temporal interpolation signal generator, a sec-
ond temporal interpolation signal generator and an interpola-
tion signal generator. The complex signal selector is config-
ured to select four complex signals adjacent to the
interpolation signal. The first temporal interpolation signal
generator is configured to generate four first temporal inter-
polation signals by vector-interpolating every two complex
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signals which are two adjacent interpolatable signals among
the selected four complex signals by using a weight according
to a distance between each of the two interpolatable signals
and the interpolation signal. The second temporal interpola-
tion signal generator is configured to generate two second
temporal interpolation signals by vector-interpolating every
two first temporal interpolation signals which are two oppo-
site interpolatable signals centering on the interpolation sig-
nal among the generated four first temporal interpolation
signals by using a weight according to a distance between
each of the two interpolatable signals and the interpolation
signal. And the interpolation signal generator is configured to
generate the interpolation signal by vector-interpolating by
using an averaged weight from averaging the generated two
second temporal interpolation signals subject to interpolation
as the two opposite interpolatable signals.

[0020] Here, the averaged weight may be 0.5.

[0021] The scan converter may further comprise an inter-
polation phase information extractor configured to extract
phase information 0, of the first and second temporal inter-
polation signals and of the interpolation signal from using a
lookup table. Here, the lookup table may store the phase
information 0, predetermined according to phase magnitudes
0, and 0, of the two interpolatable signals and weights . and
[ depending on the respective distances from the interpolat-
able signals to the interpolation signal.

ADVANTAGEOUS EFFECTS

[0022] According to the present disclosure as described
above, the directional distortion of velocity data can be pre-
vented by performing vector interpolation by using four adja-
cent complex signals in the C-mode in consideration of a
weight according to distance, and real-time scan conversion
can be achieved by constructing a lookup table for vector
interpolation.

DESCRIPTION OF DRAWINGS

[0023] FIG. 1 is a schematic diagram of an ultrasound
imaging diagnostic apparatus 100 according to some embodi-
ments of the present disclosure.

[0024] FIG. 2 is a schematic diagram of a scan converter
150 according to some embodiments of the present disclo-
sure.

[0025] FIG. 3 is a diagram of a process of selecting four
complex signals adjacent to an interpolation signal Z, - in
Cartesian coordinates in a vector interpolation method per-
formed by the scan converter 150.

[0026] FIG. 4isadiagram of a detailed vector interpolation
method performed by the scan converter 150 using four
selected complex signals.

[0027] FIG. 5 is a diagram of a lookup table construction
method for vector interpolation for real-time implementation.

DETAILED DESCRIPTION

[0028] Hereinafter, at least one embodiment of the present
disclosure will be described in detail with reference to the
accompanying drawings.

[0029] In the following description, like reference numer-
als designate like elements although the elements are shown
in different drawings. Further, in the following description of
the at least one embodiment, a detailed description of known
functions and configurations incorporated herein will be
omitted for the purpose of clarity and for brevity.
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[0030] 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 that the terms are not to imply or suggest the
substances, order or sequence of the components. If a com-
ponent is described as ‘connected’, ‘coupled’, or ‘linked’ to
another component, one of ordinary skill in the art would
understand that the components are not necessarily directly
‘connected’, ‘coupled’, or ‘linked’ but also are indirectly
‘connected’, ‘coupled’, or ‘linked’ via a third component.
[0031] FIG. 1 is a schematic diagram of the ultrasound
diagnostic apparatus 100 according to some embodiments of
the present disclosure. The ultrasound diagnostic apparatus
100 performs vector interpolation for the C-mode image out-
put. The C-mode refers to an image mode for displaying
blood flow or motion of an object, using Doppler effect.
[0032] Referring to FIG. 1, the ultrasound diagnostic appa-
ratus 100 according to some embodiments of the present
disclosure may include a transducer 110, an analog/digital
(A/D) converter 120, a beamformer 130, a demodulator 140
and a scan converter 150.

[0033] The transducer 110 converts an electric analog sig-
nal into an ultrasound signal, transmits the ultrasound signal
to a subject, and converts ultrasound signals reflected from
the subject (hereinafter, echo signals) into an electric analog
signal. The transducer 110 typically includes a plurality of
transducer elements coupled to each other. The present dis-
closure relates to a vector interpolation based on a C-mode
image and, therefore, a description thereof will be given by
focusing on vector interpolation based on the C-mode image.
The ultrasound signal transmitted by the transducer 110 is
scattered by a moving subject and forms echo signals. In other
words, the ultrasound signal transmitted by the transducer
110is scattered by the flow of red blood cells in blood vessels
and forms the echo signals. Since the subject is in motion, a
frequency of the echo signal is different from a frequency of
the transmitted ultrasound signal due to Doppler effect. The
difference between the frequency of the transmitted ultra-
sound signal and the frequency of the echo signal is called
Doppler frequency which is proportional to the velocity of the
subject. Accordingly, the moving direction and velocity of the
subject can be detected by using the Doppler frequency.
[0034] The A/D (analog/digital) converter 120 converts the
electric analog signal converted by the transducer 110 into an
electric digital signal. Although FIG. 1 illustrates the A/D
converter 120 as positioned between the transducer 110 and
the beamformer 130, the position of the A/D converter 120 is
not limited thereto and the A/D converter may be located at
any part of the ultrasound diagnostic apparatus 100.

[0035] The beamformer 130 forms a receive-focusing sig-
nal based on the electric digital signal converted by the A/D
converter 120. In other words, the beamformer 130 applies
proper delays on each electric digital signal in consideration
of time during which the signal reaches each transducer ele-
ment of the transducer 110 from the subject and adds up the
delayed electric digital signals, thereby forming the receive-
focusing signal.

[0036] The demodulator 140 demodulates the receive-fo-
cusing signal generated by the beamformer 130 to baseband
and thereby forms I data comprising in-phase components
and Q data comprising quadrature-phase components. The
demodulator 140 first passes the receive-focusing signal gen-
erated by the beamformer 130 through a high-pass filter,
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multiplies the high-pass filtered signal by a cosine function
and a sine function, and then passes the multiplied signal
through a low-pass filter, thereby forming the T data and Q
data demodulated to baseband.

[0037] The scan converter 150 carries out a vector interpo-
lation on a complex signal which is obtained based on the I
data and the Q data generated by the demodulator 140 and is
present on a scan line in a radial direction as well in polar
coordinates, in order to generate an interpolation signal Z,, ...
for representing the complex signal in Cartesian coordinates.
Since the complex signal appearing in polar coordinates is in
aformatthat cannot be output on a display, the complex signal
in polar coordinates is vector-interpolated to an interpolation
signal in Cartesian coordinates, which is a form capable of
being output by the scan converter 150. The interpolation
signal refers to a complex signal for an arbitrary point to be
vector-interpolated in Cartesian coordinates. A vector inter-
polation method performed by the scan converter 150 will be
described with reference to accompanying FIGS. 2 to 5.
[0038] FIG. 2 is a schematic diagram of the scan converter
150 according to some embodiments of the present disclo-
sure.

[0039] Referring to FIG. 2, the scan converter 150 accord-
ing to some embodiments of the present disclosure may
include a complex signal selector 210, a first temporal inter-
polation signal generator 220, a second temporal interpola-
tion signal generator 230, an interpolation signal generator
240 and an interpolation phase information extractor 250.
The configuration of the scan converter 150 according to
some embodiments of the present disclosure is described with
reference to FIGS. 3 to 5.

[0040] FIG. 3 is a diagram of a process performed by the
complex signal selector 210 for selecting four complex sig-
nals adjacent to an interpolation signal 7, in Cartesian
coordinates in the vector interpolation method performed by
the scan converter 150. Interpolation signal 7,5, refers to a
complex signal for an arbitrary point to be vector-interpolated
in Cartesian coordinates.

[0041] The vector interpolation method performed by the
scan converter 150 will now be described with reference to
FIG. 3. The complex signal selector 210 selects two scan lines
(first and second lines) adjacent to the interpolation signal
7w Cartesian coordinates from a plurality of scan lines in
different radial directions. Once the two first and second scan
lines are selected, the scan converter 150 selects four complex
signals on the two scan lines, which are adjacent to interpo-
lation signal 7y, The scan converter 150 selects a complex
signal Z,,,-which is adjacent to interpolation signal Z,,-and
is located at one side of the first scan line, a complex signal
Z ;- which is adjacent to interpolation signal Z,,- and is
located at the other side of the first scan line, a complex signal
7 Which is adjacent to interpolation signal Z,,- and is
located at one side of the second scan line, and a complex
signal Z . which is adjacent to interpolation signal Z,,;-and
is located at the other side of the second scan line.

[0042] FIG. 4isadiagram of a detailed vector interpolation
method performed by the scan converter 150 using the four
selected complex signals.

[0043] A method for performing vector interpolation upon
interpolation signal 7, in Cartesian coordinates, using
four complex signals 7, Zyr, Zsp and Zg, will now be
described with reference to FIG. 4. Interpolation signal 7,5,
refers to a complex signal for an arbitrary point to be vector-
interpolated in Cartesian coordinates.
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[0044] As a preliminary, a typical vector interpolation
method is explained by using two complex signals 7, and 7 .
Vector interpolation is performed by applying weights o and
f according to distance with respect to an arbitrary point Z.,
as indicated in Equation 1.

7,4=1 4%, 7 =18

2e=2 2P =r BB BOD) g Equation 1

[0045] Vector interpolation will be described below based
on Equation 1.
[0046] With reference to FIG. 4, a method of the first tem-

poral interpolation signal generator 220 will be described for
calculating weights o and f according to distance between
each of two interpolatable signals and interpolation signal
7w With respect to every two complex signals which are
two adjacent interpolatable signals among four selected com-
plex signals 7, Zz, Zsy-and 7. Each of distance depen-
dent weights . and [ 1s the ratio of the distance between one
interpolatable signal and interpolation signal 7, - to the sum
of the distance between the one interpolatable signal and
interpolation signal 7, ,-and the distance between the other
interpolatable signal and interpolation signal Z 5~ Distance
D, between interpolation signal Z,,,,- and signal Z,. is
known, and distance D, between interpolation signal 7.,z
and signal Z,., distance Dy, between interpolation signal
Zey-and signal Zg,,, and distance D between interpolation
signal Z,-and signal 7, are known as well. Accordingly,
the distance dependent weights can be calculated as indicated
in Equation 2.

a0 N w _ Dsw Equation 2
M Dyw +Dsw % Dyw + Dsy
ds = Dsw . Dsr
SV'" Dsw+Ds. E " Dsw +Dst
E D £ Dy
dgg = dgiy =
Dsg + Dyg Dsg + Dng
o Dyw v Dn
MV Dyw +Dye E T Dyw + Dy
[0047] A method of the first temporal interpolation signal

generator 220 is described with reference to FIG. 4 for gen-
erating four first temporal interpolation signals Z,, Z., Z,,
and 7. by vector-interpolating every two complex signals
which are two adjacent interpolatable signals among four
selected complex signals 7y, Zag Zsp and 7o, using
weights according to distances from two respective interpo-
latable signals to interpolation signal 7z~

[0048] First temporal interpolation signal 7, is generated
by vector-interpolating two interpolatable signals 7, and
7y using weights according to distances from interpolat-
able signals Z,,;;-and 7 ;- to interpolation signal 7,5 as in
Equation 3.

Z W:ZSWdSWW'ZNWdSWW Equation 3
[0049] First temporal interpolation signal Z is generated
by vector-interpolating two interpolatable signals Z; and
7z, using weights according to distances from interpolatable
signals 7, and 7. to interpolation signal Z,;-as in Equa-
tion 4.

Zo= ZSEdNEE . ZNEdSEE Equation 4
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[0050] First temporal interpolation signal Z,, is generated
by vector-interpolating two interpolatable signals Z,; and
7, Using weights according to distances from interpolat-
able signals Z,,;;-and 7, to interpolation signal 7,5 as in
Equation 5.

Z]\,:ZNW“’NE[V V-ZNEJNEN Equation 5
[0051] First temporal interpolation signal Z is generated

by vector-interpolating two interpolatable signals Zg,; and
7 oz, using weights according to distances from interpolatable
signals Z ¢;-and 7 ;- to interpolation signal 7, ;-as indicated
in FIG. 6.

ZS:ZSW‘JSEs -ZSE‘JSWs Equation 6
[0052] With reference to FIG. 4, a method will now be
described in which the second temporal interpolation signal
generator 230 generates two second temporal interpolation
signals 7, and 7, by vector-interpolating every two first
temporal interpolation signals which are two opposite inter-
polatable signals centering on interpolation signal 7,z
among the four generated first temporal interpolation signals
7 Zxy 7, and 7 by using weights according to distances
from the two respective interpolatable signals to interpolation
signal Z,;-;~ The distance dependent weight is the ratio ofthe
distance between one interpolatable signal and interpolation
signal 7,y to the sum of the distance between the one
interpolatable signal and interpolation signal 7,.5- and the
distance between the other interpolatable signal and interpo-
lation signal 7.5~

[0053] The second temporal interpolation signal 7, is
generated by vector-interpolating the two interpolatable sig-
nals 7, and 7, using weights according to distances from
interpolatable signals Z ;-and Z to interpolation signal Z, . .-
as indicated in Equation 7. The position of Z, illustrated in
FIG. 4 is just an example to simplify explanation and the
accurate enumerative position of 7, may change.

L= 2 VE 2 7 2557 dAsv Equation 7
[0054] The second temporal interpolation signal Z,. is
generated by vector-interpolating the two interpolatable sig-
nals Z,; and Zg using weights according to distances from
interpolatable signals Z,,and 7 to interpolation signal 7,5
as indicated in Equation 8. The position of 7,5 illustrated in
FIG. 4 is just an example to simplify explanation and an
accurate enumerative position of 7, may change.

T2y 7 W =7 dsi” .7 dve” Equation 8
[0055] With reference to FIG. 4, a method of the interpo-
lation signal generator 240 is described for generating inter-
polation signal 7., by vector-interpolating by using a
weight from averaging the generated two second temporal
interpolation signals Z,. and Z, subject to interpolation as
two interpolatable signals.

[0056] Interpolation signal 7,y is generated by vector-
interpolating the two interpolatable signals Z, and 7,
using weight 0.5 from averaging interpolatable signals Z;;
and Z,,. In other words, vector-interpolating with the aver-
aged weight of 0.5 provides distance information of interpo-
lation signal 7,5 vector-interpolated by a geometric mean
of the distance of 7, and the distance of Z,,c and provides
phase information of interpolation signal 7,5 by an arith-
metic mean of the phase of 7.5, and the phase of 7.
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SWE s )

Zwgw = Zijy-Zp3 =V rwerws ST

Equation 9

[0057] FIG. 5 is a diagram of a lookup table construction
method for vector interpolation for real-time implementation
thereof.

[0058] To obtain phase information 0, of the vector-inter-
polated first and second temporal interpolation signals 7,
2,2y, Ly, 2 rand 7, and of interpolation signal Z, ., the
interpolation phase information extractor 250 may extract the
same information from a lookup table which can be used to
store 6, predetermined by phase magnitudes 6, and 6, of two
interpolatable signals and weights o and [} depending on the
distances from the two respective interpolatable signals to
interpolation signal 7, The first and second temporal
interpolation signals 7.y, 7.z, Za, Zig, 755 and 7, which are
vector-interpolated by using two interpolatable signals and
interpolation signal 7, -are respectively formed of distance
information and phase information to readily permit the scan
converter 150 to calculate the distance information, but a
delay in calculation of the phase information 0, may
adversely affect the real-time implementation of scan conver-
sion. The real-time implementation can be achieved by
extracting the phase information 65 from a generated lookup
table.

[0059] A method of the interpolation phase information
extractor 250 for calculating phase information 0, in order to
construct the lookup table is expressed by Equation 10.

) = cos(af) + BO,) + jsin(ab) + B6,) Equation 10

sin(af; + f6,)

— =tan | ——
03 = af) + B0, = tan (cos(wéh +0,))

a+ﬁ=l

[0060] After obtaining phase information 0, by Equation
10, the interpolation phase information extractor 250 may
construct the lookup table as illustrated in FIG. 5. Specifi-
cally, the lookup table can be generated by presenting
approximately 256x256 block of phases 6, and 6, of the two
interpolatable signals on the X-axis and Y-axis in the range of
-n<0, ,<m and by presenting a predetermined magnitude of
one of weights o and f§ according to distances from the first
and second interpolatable signals 7., 7., Z,, Z, 75 and
75 to interpolation signal 7, .;-on the Z-axis in the range of
0<a. (or B)<1, so that the lookup table stores 0, varying with
8,, 0, and a (or ). Therefore, real-time implementation of
scan conversion can be achieved by extracting 6, using the
lookup table without calculation.

[0061] 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 that the scope of the dis-
closure is not limited by the explicitly described above
embodiments but by the claims and equivalents thereof.
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INDUSTRIAL APPLICABILITY

[0062] As described above, the present disclosure is highly
useful for application in the fields of real-time implementa-
tion of scan conversion by vector-interpolating four adjacent
complex signals in C-mode by using a weight according to
distance to prevent directional distortion of velocity data with
a lookup table made for vector interpolation.

CROSS-REFERENCE TO RELATED
APPLICATION

[0063] Ifapplicable, this application claims priority under
35 US.C §119(a) of Patent Application No. 10-2012-
0003290, filed on Jan. 11,2012 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 incor-
porated by reference.

1. A scan converter for generating an interpolation signal
by performing vector interpolation to represent, in Cartesian
coordinates, a complex signal obtained in polar coordinates
by a transducer, the scan converter comprising:

acomplex signal selector configured to select four complex
signals adjacent to the interpolation signal;

a first temporal interpolation signal generator configured to
generate four first temporal interpolation signals by vec-
tor-interpolating every two complex signals which are
two adjacent interpolatable signals among the selected
four complex signals by using a weight according to a
distance between each of the two adjacent interpolatable
signals and the interpolation signal;

a second temporal interpolation signal generator config-
ured to generate two second temporal interpolation sig-
nals by vector-interpolating every two first temporal
interpolation signals which are two opposite interpolat-
able signals centering on the interpolation signal among
the generated four first temporal interpolation signals by
using a weight according to a distance between each of
the two opposite interpolatable signals and the interpo-
lation signal; and

an interpolation signal generator configured to generate the
interpolation signal by vector-interpolating the gener-
ated two second temporal interpolation signals based on
an averaged weight for averaging the generated two
second temporal interpolation signals.

2. The scan converter of claim 1, wherein the complex
signal selector makes selections of two scan lines as a first
scan line and a second scan line adjacent to the interpolation
signal among multiple scan lines in radial directions, two
complex signals which are adjacent to the interpolation signal
and are located on the first scan line, and two complex signals
which are adjacent to the interpolation signal and are located
on the second scan line.

3. The scan converter of claim 1, wherein the weight
according to the distance used by the first temporal interpo-
lation signal generator is a ratio of a distance between one of
the adjacent interpolatable signals and the interpolation sig-
nal to a sum of the distance between the one interpolatable
signal and the interpolation signal and a distance between the
other of the adjacent interpolatable signals and the interpola-
tion signal.

4. The scan converter of claim 1, wherein the weight
according to distance used by the second temporal interpola-
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tion signal generatoris a ratio of a distance between one of the
opposite interpolatable signals and the interpolation signal to
a sum of the distance between the one interpolatable signal
and the interpolation signal and a distance between the other
of the interpolatable signals and the interpolation signal.

5. The scan converter of claim 1, wherein the averaged
weight is 0.5.

6. The scan converter of claim 1, wherein the interpolation
signal includes distance information obtained by a geometric
mean of distances of the two second temporal interpolation
signals and phase information obtained by an arithmetic
mean of phases of the two second temporal interpolation
signals.

7. The scan converter of claim 1, further comprising:

an interpolation phase information extractor configured to

extract phase information of the first and second tempo-
ral interpolation signals and of the interpolation signal
from a lookup table,

wherein the lookup table stores the phase information pre-

determined according to phase magnitudes 6, and 6, of
the two interpolatable signals and weights o and f
depending on the respective distances from the two
interpolatable signals to the interpolation signal.

8. The scan converter of claim 7, wherein the lookup table
stores the phase information expressed by

sin(afd) + f6,) )

63 = ab) + ff, =tan™| ———— =
3 = 06 + 6, =1an (cos(a01+,802)/

where 6, denotes the phase information and c+f=1.

9. A vector interpolation method of generating an interpo-
lation signal by performing vector interpolation to enable a
scan converter to represent, in Cartesian coordinates, a com-
plex signal obtained in polar coordinates by a transducer, the
method comprising:

selecting four complex signals adjacent to the interpolation

signal,

generating four first temporal interpolation signals by vec-

tor-interpolating every two complex signals which are
two adjacent interpolatable signals among the selected
four complex signals by using a weight according to a
distance between each ofthe two adjacent interpolatable
signals and the interpolation signal;

generating two second temporal interpolation signals by

vector-interpolating every two first temporal interpola-
tion signals which are two opposite interpolatable sig-
nals centering on the interpolation signal among the
generated four first temporal interpolation signals by
using a weight according to a distance between each of
the two opposite interpolatable signals and the interpo-
lation signal; and

generating the interpolation signal by vector-interpolating

the generated two second temporal interpolation signals
based on an averaged weight for averaging the generated
two second temporal interpolation signals.

10. The vector interpolation method of claim 9, wherein the
averaged weight is 0.5.

11. The vector interpolation method of claim 9, further
comprising

extracting phase information of the first and second tem-

poral interpolation signals and of the interpolation signal
from a lookup table,
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wherein the lookup table stores the phase information pre-
determined according to phase magnitudes 6, and 6, of
the two interpolatable signals and weights o and f
depending on the respective distances from the two
interpolatable signals to the interpolation signal.

12. An ultrasound diagnostic apparatus, comprising;

a transducer configured to convert an electric analog signal
into an ultrasound signal, transmit the ultrasound signal
to a subject, and convert an ultrasound signal reflected
from the subject into an electric analog signal;

abeamformer configured to form a receive-focusing signal
based on the converted electric analog signal;

a demodulator configured to form I data comprising in-
phase components and Q data comprising quadrature-
phase components by demodulating the receive-focus-
ing signal into a baseband signal; and

a scan converter configured to generate an interpolation
signal by performing vector interpolation to represent, in
Cartesian coordinates, a complex signal obtained in
polar coordinates, based on the 1 data and the Q data,

wherein the scan converter generates the interpolation sig-
nal by vector-interpolating four complex signals adja-
cent to the interpolation signal by using a weight accord-
ing to a distance between each of the four complex
signals and the interpolation signal.

13. The ultrasound diagnostic apparatus of claim 12, fur-

ther comprising:

an analog/digital (A/D) converter configured to convert the
electric analog signal transformed by the transducer into
an electric digital signal.

14. The ultrasound diagnostic apparatus of claim 12,

wherein the scan converter comprises:

a complex signal selector configured to select the four
complex signals adjacent to the interpolation signal,

a first temporal interpolation signal generator configured to
generate four first temporal interpolation signals by vec-
tor-interpolating every two complex signals which are
two adjacent interpolatable signals among the selected
four complex signals by using a weight according to a
distance between each of the two adjacent interpolatable
signals and the interpolation signal;

a second temporal interpolation signal generator config-
ured to generate two second temporal interpolation sig-
nals by vector-interpolating every two first temporal
interpolation signals which are two opposite interpolat-
able signals centering on the interpolation signal among
the generated four first temporal interpolation signals by
using a weight according to a distance between each of
the two opposite interpolatable signals and the interpo-
lation signal; and

an interpolation signal generator configured to generate the
interpolation signal by vector-interpolating the genet-
ated two second temporal interpolation signals based on
an averaged weight for averaging the generated two
second temporal interpolation signals.

15. The ultrasound diagnostic apparatus of claim 14,

wherein the averaged weight is 0.5.

16. The ultrasound diagnostic apparatus of claim 14,
wherein the scan converter further comprises an interpolation
phase information extractor configured to extract phase infor-
mation of the first and second temporal interpolation signals
and of the interpolation signal from a lookup table, wherein
the lookup table stores the phase information predetermined
according to phase magnitudes 8, and 6, of the two interpo-
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latable signals and weights o and ff depending on the respec-
tive distances from the interpolatable signals to the interpo-
lation signal.



THMBW(EF)

[ i (S RIR) A ()

RE(EFR)AGE)

patsnap
PR NEF R Z NS Lt EREMEE AN AE

US20140323872A1 NI (»&E)B 2014-10-30

US14/371586 RiEH 2012-01-11

EOM MINYOUNG
LEE HYUNSOOK

EOM , MINYOUNG
LEE , HYUNSOOK

AT RE(ERMN)A(IE) ALPINION MEDICAL SYSTEMS CO. , LTD.

FRI& B A

EHA

IPCH %S
CPCH(S
£ AR
ShEREERE

E)

E—IRSMKMEHF , ALFFRMAT —FpEMERRE  BFOINRE
MEEBER B R ARENER THITENABEN G E. ARTTH KRS
BYEXERER (CHERX ) PEIEARENMIBEFSHIERLN
ERWTRERERB LEERENSEOEAE  FEEIWEERE
REIAK AR B, ATRERAE.

EOM MINYOUNG
LEE HYUNSOOK

EOM, MINYOUNG
LEE, HYUNSOOK

G01S7/52 GO6F17/17 A61B8/06
G01S7/52044 GO6F17/17 A61B8/06 A61B8/13 A61B8/488 A61B8/5269 G01S7/52046 G01S15/8979
1020120003290 2012-01-11 KR

Espacenet USPTO

1st Scan Line

2nd Scan Line


https://share-analytics.zhihuiya.com/view/94ccf4a1-60ce-4688-b626-e38c4033cb47
https://worldwide.espacenet.com/patent/search/family/048781615/publication/US2014323872A1?q=US2014323872A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220140323872%22.PGNR.&OS=DN/20140323872&RS=DN/20140323872

