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METHOD OF REMOVING AN EFFECT OF
SIDE LOBES IN FORMING AN ULTRASOUND
SYNTHETIC IMAGE

[0001] Thepresent application claims priority from Korean
Patent Application Nos. 10-2007-0107947 and 10-2008-
0095110 filed on Oct. 25, 2007 and Sep. 29, 2008, the entire
subject matters of which are incorporated herein by refer-
ences.

BACKGROUND OF THE INVENTION

[0002] 1. Technical Field

[0003] The present invention generally relates to a method
of removing an effect of side lobes, and more particularly to
amethod of reducing an effect of side lobes with a relative low
amount of calculations in forming an ultrasound synthetic
image for a moving object to thereby enhance resolution and
improve a signal-to-noise ratio (SNR).

[0004] 2. Background Art

[0005] Generally, an ultrasound diagnostic system may use
an array transducer for transmitting and receiving ultrasound
signals. In order to obtain an enhanced ultrasound image, an
ultrasound synthetic image may be adopted. The ultrasound
synthetic image may be formed by using receive dynamic
focusing for forming multi-receive beams in response to one
time transmission of a transmit beam. The ultrasound diag-
nostic system may synthesize the receive beams correspond-
ing to the same scan line obtained through a plurality of
transmissions of the transmit beam along a plurality of scan
lines to thereby form an ultrasound synthetic image. For
example, assuming that the transmit beam is transmitted
along a n™ scan line (S,), the ultrasound diagnostic system
may form (2m+1) numbers of receive beams corresponding
toscan lines S, .. 8, 13 - -5 S o+ s Suionity Speme
wherein m>0. As shown in FIG. 1, when the transmit beam is
focused along a scan line S,, three receive beams may be
formed based on echo signals from scan lines S,_,, S, and
S,..1- That is, three receive beams may be obtained per each
scan line and the receive beams are then synthesized to form
an ultrasound synthetic image.

[0006] When a target object is a stationary object, an ultra-
sound synthetic having good resolution and signal to noise
ration may be obtained. However, when the target object is a
moving object (especially moving in an axial direction), an
undesirable image may be displayed in forming anultrasound
synthetic image. That is, the ultrasound synthetic image may
be formed by using receive beams obtained with a time delay
or multiple transmit beams such as bi-directional pixel based
focusing. Thus, if a motion occurs in the target object and
beam forming is carried out without considering the motion,
then an incoherent sum may occur, which makes contrast
resolution and SNR lowered.

[0007] Various pixel based researches or area based
researches have been conducted in order to estimate and
compensate a motion that occurred in the ultrasound syn-
thetic image. There are proposed methods for estimating and
compensating the motion by using cross correlation, auto
correlation, sum of absolute difference, etc. There is a prob-
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lem in that the pixel based motion estimation and compensa-
tion requires a large amount of calculation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG.1is a schematic diagram showing a procedure
of forming a general synthetic image.

[0009] FIG. 2A shows a transmit fields in a brightness (B)
mode with the array transducer.

[0010] FIG. 2B shows a virtual source element located at a
focal depth in a B mode.

[0011] FIG. 2C shows a superposition of transmit fields of
two virtual source elements at imaging points.

[0012] FIG. 3 is a schematic block diagram illustrating an
ultrasound diagnostic system in accordance with one embodi-
ment of the present invention.

[0013] FIG. 4 is a schematic block diagram illustrating a
beam former.

[0014] FIG. 5 is a schematic block diagram illustrating an
image motion estimation/compensation unit.

[0015] FIG. 6 is an exemplary diagram showing a non-
sequential transmit order of a transmit beam for a plurality of
scan lines in accordance with one embodiment of the present
invention.

[0016] FIG. 7 is a schematic diagram showing an example
of a synthetic aperture imaging method by using BiPBF.
[0017] FIG. 8 is a schematic diagram showing a method of
obtaining a synthesis data at an arbitrary imaging point by
using a plurality of low resolution images.

[0018] FIG.9is a graph showing lateral beam width for the
maximum values on the scan lines.

DETAILED DESCRIPTION OF THE INVENTION

[0019] The present invention is directed to removing an
effect caused by side lobes with a relatively low amount of
calculation in an ultrasound synthetic image to thereby
enhance resolution and compensate a signal to noise ratio
(SNR) for degradation. The present invention may adjust the
transmit order of a transmit beam for scan lines, thereby
removing factors having unnecessary phases caused by the
side lobes. This is so that a radio frequency (RF) pixel (or
sample unit) based motion estimation and compensation may
be achieved with a relatively low amount of calculation. The
present invention is simulated based on bidirectional pixel
based focusing (BIPBF) and the proposed method may be
applied to a general synthetic imaging method of ultrasound
images.

[0020] Generally, the ultrasound synthetic image may be
formed by using one of a receive synthetic-aperture focusing
method or a transmit synthetic-aperture focusing method.
The receive synthetic-aperture focusing method is a tech-
nique applied to a commercial equipment. Multi-receive
beams may be formed and stored by repeatedly performing
transmission and reception of ultrasound signals for the scan
lines and then the stored receive beams are synthesized. This
is so that an ultrasound synthetic image can be obtained
according to the receive synthetic-aperture focusing method.
The transmit synthetic-aperture focusing method may have
an effect relatively increasing an ultrasound transmit power
by using ultrasound signals generated in a plurality of trans-
mit fields instead of a single transmit field.

[0021] The BiPBF method may perform transmit and
receive focusing for all points based on the transmit synthetic-
aperture focusing method. As illustrated in FIG. 2B, the
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BiPBF method may be translated by referring to a transmit
focal point as a virtual source element.

[0022] FIG. 2A shows a transmit field in a brightness (B)
mode with the array transducer. As shown in FIG. 2A, the
transmit field, which is radiated from the array transducer,
converges toward a focal point and then diverges in the form
of a circular wave within a limited angular extent. FIG. 2B
shows a virtual source element located at a focal depth in the
B mode. The virtual source element may generate a circular
wave back and forth with respect to itself. FIG. 2C shows a
superposition of transmit fields of two virtual source elements
atimaging points. As shown in FIG. 2C, one imaging point is
shown before the focal depth and the other imaging point is
shown after the focal depth with respect to a center of sym-
metry of the circular field.

[0023] The BiPBF method may be able to maintain a uni-
form lateral resolution over all focal depths and reduce a side
lobe level compared to other methods. Also, since the trans-
mit power increases due to the synthesis of transmit fields, an
ultrasound synthetic image having an enhanced SNR may be
obtained through the BiPBF method. However, the use of the
BiPBF method may be restricted to imaging a stationary or
slowly moving object. If the BiPBF method is applied for
imaging a fast moving object, then the resolution may be
degraded or the target object may disappear in the ultrasound
synthetic image. Especially, a motion occurring in an axial
direction may largely affect the ultrasound synthetic image
compared to a motion occurring in a lateral direction.
[0024] A motion occurring may be confidentially recog-
nized by using 2-dimensional tissue Doppler imaging (2D-
TDI). The 2D-TDI may repeatedly transmit an ultrasound
signal with an identical acoustic field at a constant time inter-
val and detect a phase change of echo signals to thereby find
a mean Doppler frequency by using auto correlation or other
methods.

[0025] The synthetic aperture imaging (SAI) may be simi-
lar to the 2D-TDI in terms of repeatedly transmitting an
ultrasound signal. However, the SAI may transmit an ultra-
sound sound signal in a different acoustic field per transmis-
sion, which is different from the 2D-TDI for transmitting the
ultrasound signal with the identical acoustic field per trans-
mission. In the SAI, a wave plane of the acoustic field may be
rotated in a constant angle per each transmit in view of each of
the pixels. This rotation may cause the side lobes in a low
resolution image formed based on each transmission to be
also rotated.

[0026] Thus, incase of a main lobe of an independent target
object, a motion in an axial direction may be found to be
similar to a tissue Doppler. However, a wrong motion may be
detected at a position of side lobes of the target object even at
adjacencies of the target object, which is not moved. Thus, the
present invention adopts a new transmit order of a transmit
beam (i.e., a specified transmit order) for the scan lines and a
phase detecting method through auto correlation for compen-
sating for the wrongly detected motion.

[0027] Hereinafter, a problem caused by the side lobes in
the low resolution image will be verified through the auto
correlation for a stationary object and a moving object. A
procedure using the new transmit order the transmit beam
(i.e., not sequential but not non-sequential) and the auto cor-
relation for calculating mean phase of receive beams to
remove the effect caused by the side lobes and overcome
limitation of amount of calculations will be described in
detail. Since the motion may be estimated and compensated
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in a pixel with a relatively low amount of calculation, a
uniform resolution of an ultrasound synthetic image for the
moving object may be maintained identical to that of the
stationary object.

[0028] FIG. 3 is a schematic block diagram illustrating an
ultrasound diagnostic system in accordance with one embodi-
ment of the present invention. FIGS. 4 and 5 are schematic
block diagrams illustrating a beam former and an image
motion estimation/compensation unit.

[0029] A probe 10 may include an array transducer and
may be operable to transmit and receive ultrasound signals.
The probe 10 may further include a transmitter (not shown)
and an analog receiver (not shown). The array transducer may
comprise a plurality of elements (e.g., 128 elements) and may
be operable to output the ultrasound signals in response to
transmit pulses applied from the transmitter. The analog
receiver may be operable to amplify electrical receive signal
outputted from the array transducer in response to echo sig-
nals, remove aliasing phenomenon and noises, and compen-
sate attenuation due to propagation of the ultrasound signals
in the target object.

[0030] A transmit/receive switch 20 may be operable to
switch transmission and reception of the ultrasound signals
for the same elements. The transmit/receive switch 20 may be
further operable to prevent a high power outputted from the
transmitter from affecting the analog receiver. That is, when
the transmission and the reception are alternately carried out,
the transmit/receive switch 20 may be operable to appropri-
ately switch the transmitter and the analog receive.

[0031] A beam former 30 may be operable to sample the
electric receive signals outputted from the transducer ele-
ments in response to the echo signals and perform receive
focusing upon the sampled electric receive signals. As shown
in FIG. 4, the beam former 30 may include a gain adjusting
unit 301, an analog-to-digital converting unit 302, a delay unit
303, an image synthesizing unit 304 and a summing unit 305.
The gain adjusting unit 301 may be operable to compensate
gain of the analog receive signals received at the analog
receiver. The analog-to-digital converting unit may be oper-
able to convert the analog receive signals to digital receive
signals. The delay unit 303 may be operable to apply a dif-
ferent amount of delay to the digital receive signals based on
distance differences between the respective elements and a
focal point. The image synthesizing unit 304 may be operable
to synthesize the delayed digital receive signals to thereby
form a receive-focused beam of a radio frequency (RF). The
summing unit 305 may be operable to sum the receive-fo-
cused beams form at respective channels.

[0032] An echo processing unit 40 may be operable to
convert the RF receive-focused beam into a baseband signal
and perform envelop detection with a quadrature demodula-
tor, thereby obtaining an ultrasound image data correspond-
ing to scan lines.

[0033] A scan converting unit 50 may be operable to scan-
convert the ultrasound image data in a format capable of being
displayed on a display unit 60. That is, the scan converting
unit 50 may be operable to convert the ultrasound image data
in an appropriate data format capable of being displayed on
the display unit 60. The display unit 60 may be operable to
receive the scan-converted ultrasound image data to display
an ultrasound image of the target object.

[0034] An ultimate aim of the present invention is to main-
tain uniform resolution of an ultrasound synthetic image for a
moving object identical to that of a stationary object through
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motion estimation and compensation of the moving object in
an ultrasound synthetic imaging procedure. As such, the
present invention may provide the non-sequential transmit
order of the transmit beam for the scan lines and generate data
necessary for motion estimation and compensation (e.g.,
phase data formed in a pixel unit or a sample unit) based on
receive beams obtained in response to the transmit beam. The
data may be inputted into auto correlators 311-313 by group-
ing the receive beams based on the transmit order. That is, the
present invention may set a specific transmit order of the
transmit beam for the scan lines (see FIG. 6) through a trans-
mit/receive control unit 21. The scan lines may be grouped
with a decrement group and an increment group. The detailed
description for grouping of the scan lines will be provided
later. As illustrated in FIG. 6, M and N numbers of receive
beams responsive to the increment group and L numbers of
receive beams responsive to the decrement group may be
obtained. The receive beams may be inputted to the auto
correlators 311-313. The auto correlators 311-313 may be
operable to calculate phases from the inputted receive beams
in a pixel unit or a sample unit and provide phase information
for motion estimation and compensation based on the calcu-
lated phases. Thereafter, a control unit 315 of an image
motion estimation/compensation control unit 31 may be
operable to calculate a velocity of the motion based on the
phase information and compensate the motion by adjusting
receive delay time based on the calculated velocity per each
pixel. This is so that the resolution of an ultrasound synthetic
image for a moving object may be uniformly maintained
identical to that of an ultrasound synthetic image for a sta-
tionary object. Although it is illustrated that the image motion
estimation/compensation control unit 31 is installed at an
outside of the beam former 30 in FIGS. 3 and 4, the image
motion estimation/compensation control unit 31 may be
installed in the beam former 30. It should be noted herein that
the position for installing the image motion estimation/com-
pensation control unit 31 is not limited thereto.

[0035] As mentioned above, the transmit/receive control
unit 21 of the present invention may set not the sequential
transmit order for the scan lines but the non-sequential trans-
mit order. Further, the auto correlators 311-313 of the image
motion estimation/compensation control unit 31 may detect
phases at the respective pixels with auto correlation function
from the receive beams responsive to the transmission of the
transmit beams in the non-sequential transmit order for the
scan lines. This is so that an effect due to the side lobes may
beremoved with a relatively low amount of calculation. Thus,
since the control unit 315 of the image motion estimation/
compensation control unit 31 may estimate and compensate
the motion of a moving object in the ultrasound synthetic
imaging process, the resolution of the image for the moving
object may be uniformly maintained identical to that of the
ultrasound synthetic image for the stationary object. The
present invention will be dominantly described for a control
procedure for the image motion estimation and compensation
(i.e., extraction of phases necessary for the motion estimation
and compensation). The image motion estimation and com-
pensation process (i.e., calculation of velocity of moving
object based on the phase information and compensation for
the motion based on the calculated velocity, e.g., compensa-
tion for focusing delay time based on the calculated velocities
for the pixels) will be additionally described.

[0036] First, a phase status of a main lobe and a side lobe in
an ultrasound synthetic image for a stationary object and an
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ultrasound synthetic image for a moving object will be
checked through the low resolution images. Then, the phase
status will be re-checked after setting a new transmit order of
the transmit beams for the scan lines in accordance with the
present invention.

[0037] FIG. 7 is a schematic diagram showing an example
of a synthetic aperture imaging method by using the BiPBF.
As illustrated in FIG. 7, a plurality of scan lines (N=9) par-
ticipate in forming the receive beams in response to one
transmission of a transmit beam. Whenever the scan line for
transmission is moved, the participated scan lines for forming
the receive beams are also moved. The numbers 0-8 represent
an index order for auto correlation and N (=9) is the number
of the scan lines participating in forming receive beams in
response to one transmission of a transmit beam. N may be an
ensemble number. The mean phase may be calculated at each
of the pixels by using the ensemble number of the receive
beams at the auto correlation function.

[0038] Since N=9, a low resolution image may be formed
based on 9 receive beams obtained in response to one time of
transmit focusing for an arbitrary scan line. Also, if the trans-
mit focusing 1s shifted one by one to a next scan line, then 9
receive beams may be obtained for the corresponding trans-
mit scan lines. Thus, when N=9, a phase change of an arbi-
trary pixel point PO may be calculated from 9 low resolution
images as shown in FIG. 8.

[0039] Inthe ultrasound synthetic image obtained by using
the BiPBF for a stationary object, an image for a main lobe
may be indicated in the shape of a black hole as a correlation
result since the phases for the main lobe are not changed.
However, a phase may be changed due to the side lobe in spite
of the stationary object. The phase change becomes lower
close to the main lobe. Thus, the phase change due to the side
lobe should be minimized.

[0040] Hereinafter, an auto correlation procedure for the
receive beams obtained through the transmission of the spe-
cific transmit order of the transmit beam for the scan lines for
a stationary object will described in detail.

[0041] When a moving velocity of the target object is cal-
culated by using a phase change obtained through the auto
correlation, the moving velocity should be 0 m/s in case of the
stationary target object. However, a velocity component may
be detected due to the effect of the side lobe in the ultrasound
synthetic image. That is, if the transmit focusing is carried out
in a sequential transmit order for the scan lines, then a phase
for the main lobe is not changed, but a phase for the side lobe
is rotated in a constant pattern in an x-y space. Thus, the
present invention may set the transmit order of the transmit
beam for the scan lines in a non-sequential manner to mini-
mize the effect of the side lobes and then perform the auto
correlation for the receive beams obtained in response to the
newly set transmit order.

[0042] FIG. 6 is a schematic diagram showing an example
ofthe specific transmit order of the transmit beam for the scan
lines in accordance with one embodiment of the present
invention. In order to set the transmit order, the scan lines are
defined with sequential indices and the transmit order of the
transmit beam for the scan lines is set in a non-sequential
manner in which increment and decrement of the indices of
the scan lines are repeated. As shown in FIG. 6, the transmit
scan lines may be divided into a scan line increment group
and a scan line decrement group. Further, the increment and
decrement may be set as +2 and -1, respectively. For
example, the transmission for the scan lines may be carried
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out in a rearranged transmit order such as 2, 1,4,3,6,5 ...
instead of a sequential order such as 1, 2,3,4 ..., ie, the
transmit order is rearranged such that the decrement and
increment of -1 and +2 are to be repeated. In such a case,
assuming that a phase difference between receive beams
obtained in response to the first transmission and the second
transmission is indicated as a(1, 3), a mean phase difference
calculated from a(2, 4), a(3, 5), a(8, 10), etc. (i.e., B group
having a number difference of +2) for pixels located in the
side lobe of the stationary target object may be denoted as B.
Also, a mean phase difference calculated from a(2, 1), a(4, 3),
a(6, 5), etc (i.e., A group having a number difference of -1)
may be denoted as A. If the mean phase differences for the
stationary target object are denoted as A and B, then the
following equation (1) may be approximately obtained.

2)

[0043] As shown in the equation (2), after A and B are
individually calculated at each pixel, if weights are applied to
A and B and then results are summed, then the wrong motion
detection due to the rotation of the side lobe may be cancelled.
Also, in case of the moving target object, even if a transmit
order for the transmit scan lines is changed, the rotation of the
phase due to the movement of the target object for each
transmission may be defined as the following equation (3).
Thus, if weights are applied and the applied results are
summed, then a moving velocity of the target object may be
accurately calculated such as the general 2D-TDI.

B=2A 3)

[0044] Thus, the unnecessary phase difference due to the
rotation of the side lobe may be reduced and only a phase
difference due to movement of the main lobe may be
observed. The mean phase may be calculated by using the
auto correlation. The auto correlation may be carried out as
follows. Function z, (f) may be defined by functions z(t) and
z*(t-T) as the following equation (4)

2, (H=2(B)xz*(t-T) *

2 (=-D=x(e-T)-jy(=T) )

wherein z*(t-T) is a conjugate complex delayed by a delay
time T from the function z(t) as shown in the equation (5). If
the function z,(t) is integrated over a specific time, then a
result of the auto correlation function may be obtained as the
following equation (6).

RLD=[ Lz ()A'=R(TH4R (T1) (6)

wherein n represents the number of the consecutive transmit
pulses in a constant direction, which is referred to as an
ensemble number in an ultrasound image.

[0045] The following equation (7) represents an auto cor-
relation function for the receive beams corresponding to the
increment group having the increment of +2. The following
equations (8) and (9) represent the power and phase of the
receive beams corresponding to the increment group. This
process is carried out by an auto correlator 312 for the receive
beams corresponding to the increment group among the auto
correlators 311-313 of the image motion estimation/compen-
sation control unit 31.
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7
RI(TIa[)=f () dr 7
T

= Ru(Ty, 1)+ jRy(Ty, 1)

, (8
Ri(Ty. 0l = RE(T7, 0+ jRAT, ®)

Ry 9
R T/
[0046] If a phase is calculated by applying a weight to the

equation (9), then the following equation (10) may be
obtained.

R0 (10)
Ru(Ty. 1)

1
bg(Ty, 1) = 3 Xtan

[0047] The final results for the receive beams correspond-
ing to the increment group may be expressed as the following
equations (11) and (12).

R (T, = 1R (T, 1) Ixcos(Rg(T,1)) (11)
R (T, 0= IR (T, 1) Ixsin(@ (T, 1)) (12)

[0048] The final results for the receive beams correspond-
ing to the decrement group having the decrement of -1 may
be expressed as the following equations (13) to (15).

13
Rp(Tp, 1) =f zp(@)dr 0
-npTp

=Rop(Tp, )+ jRyp(Tp, 1)

Ro(Tp, 1l = | R (To, )+ iR2p(Tp, 1) 14

1 Bp(Tp, D) (15)
S S
&(Tp, 1) = tan Ralo D

[0049] A complex value summing the calculated phases of
the receive beams for the increment group and the decrement
group, which are obtained by the auto correlators 311-313 of
the image motion estimation/compensation control unit 31,
may be expressed as the following equations (16) and (17).
The summation may be carried out by the summation unit 314
of the image motion estimation/compensation control unit
31

Ry (TR (T, DR (I 1) (16)
Ry (L=R, (T, 0+R, p(Tp, 1) 17

[0050] The power of the corresponding pixel or sample
may be defined as the following equation (18) and the phase
may be defined as the following equation (19).

18

[RP(T. Dl = | RE(T, 1)+ jR%,(T. 1)
Rr(T, 1t 19
(T, 1) = tan”" (7.0 19
Rr(T. 1)



US 2009/0110258 Al

[0051] The equation (19) represents a pixel based mean
phase. By using this, a specific area based mean phase can be
obtained. As such, the result of the equations (16) and (17)
may be expressed in space coordinates as the following equa-
tion (20).

RedTH—=2Rp(5,2), Rp(TH)=Rp,(5,2) (20)

[0052] The equation (20) may be expressed as the follow-
ing equations (21) and (22) so that it can be extended to a type
having a specific area based mean phase.

m 0 @2n

(22)

[0053] In order to compensate the motion of the target
object, the estimated phase should be transformed to a dis-
tance. A velocity of the target object may be calculated by
using the following equation (23).

¢ PRF 23)

Vrarger =07 x —2)<f0 X _2><7r

wherein V.., represents a velocity of the target object, ¢
represents an acoustic velocity, fO represents a center fre-
quency of the transducer and PRF is a transmit repetition
frequency. The distance may be calculated by using the cal-
culated velocity of the target object as the following equation
24).

(24)
Zmtarget = Viarget X PRF

[0054] The motion compensation may be carried out by
compensating the transmit focusing delay time and the
receive focusing delay time based on the estimated velocity
per each pixel, or additionally applying motion compensation
focusing delay time without changing the transmit focusing
delay time and the receive focusing delay time, which are set
by not considering the motion. If a power threshold is appro-
priately adjusted in the auto correlation, then it is effective to
reduce an effect of the side lobes.

[0055] FIG.9is a graph showing lateral beam width for the
maximum values on the scan lines. The solid line represents
a case for a stationary object and the dashed line represents a
case for a moving object without motion compensation. The
dotted line represents a case for a moving object with motion
compensation in accordance with one embodiment of the
present invention. As shown in FIG. 9, the motion may be
compensated in accordance with the present invention.
[0056] As mentioned above, the present invention may set
a transmit order for the scan lines in a non-sequential manner
so that there is a merit in reducing the effect due to the side
lobes. Thus, the motion in the moving object may be accu-
rately estimated and compensated so that a motion artifact,
which may occur in forming an ultrasound synthetic image by
using the BiPBF method, may be reduced. Also, since the
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auto correlation may be carried with a relatively low amount
of calculation, the synthetic imaging process may be carried
out in real time.

[0057] In accordance with one embodiment of the present
invention, there is provided an method of removing an effect
of side lobes in forming an ultrasound synthetic image having
a plurality of pixels, comprising: a) setting a plurality of scan
lines and defining sequential indices upon the scan lines; b)
setting a transmit order of a transmit beam for the scan lines
in a non-sequential manner in which increment and decre-
ment of the indices of the scan lines are repeated; ¢) transmit-
ting the transmit beam based on the set transmit order to
obtain a plurality of receive beams in response to each trans-
mission of the transmit beam; d) grouping the receive beams
to an increment group corresponding to an increment direc-
tion of the numbers of the scan lines and a decrement group
corresponding to a decrement direction of the numbers of the
scan lines; €) performing auto correlation upon the receive
beams included in the respective increment group and the
decrement group; and f) applying weights to the auto corre-
lation results and summing the weight-applied auto correla-
tion results to thereby remove an effect of side lobes.

[0058] Any reference in this specification to “one embodi-
ment,” “an embodiment,” “example embodiment,” etc. means
that a particular feature, structure or characteristic described
in connection with the embodiment is included in at least one
embodiment of the present invention. The appearances of
such phrases in various places in the specification are not
necessarily all referring to the same embodiment. Further,
when a particular feature, structure or characteristic is
described in connection with any embodiment, it is submitted
that it is within the purview of one skilled in the art to effect
such feature, structure or characteristic in connection with
other ones of the embodiments.

[0059] Although embodiments have been described with
reference to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the spirit and scope of the principles of this
disclosure. More particularly, numerous variations and modi-
fications are possible in the component parts and/or arrange-
ments of the subject combination arrangement within the
scope of the disclosure, the drawings and the appended
claims. In addition to variations and modifications in the
component parts and/or arrangements, alternative uses will
also be apparent to those skilled in the art.

What is claimed is:

1. A method of removing an effect of side lobes in forming
an ultrasound synthetic image having a plurality of pixels,
comprising;

a) setting a plurality of scan lines and defining sequential

indices upon the scan lines;

b) setting a transmit order of a transmit beam for the scan
lines in a non-sequential manner in which increment and
decrement of the indices of the scan lines are repeated;

¢) transmitting the transmit beam based on the set transmit
order to obtain a plurality of receive beams in response
to each transmission of the transmit beam;

d) grouping the receive beams to an increment group cor-
responding to an increment direction of the numbers of
the scan lines and a decrement group corresponding to a
decrement direction of the numbers of the scan lines;

e) performing an auto correlation upon the receive beams
included in the respective increment group and the dec-
rement group; and

294



US 2009/0110258 Al

) applying weights to the auto correlation results and sum-
ming the weight-applied auto correlation results to
thereby remove an effect of side lobes.

2. The method of claim 1, wherein the auto correlation is

carried out in a pixel unit.

3. The method of claim 1, wherein the receive beams are

obtained by sampling echo signals in response to the trans-
mission of the transmit beam.
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4. The method of claim 3, wherein the auto correlation is
carried out in a sampling unit.

5. The method of claim 1, wherein the increment is +2 and
the decrement is -1.

6. The method of claim 1, wherein the receive beams are
obtained by using bi-directional pixel based focusing.

kok ok ok %
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