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(57) ABSTRACT

There are disclosed embodiments for forming an enhanced
elastic image in an ultrasound system. An elastic image of a
target object may be formed by scanning N scan lines. A
control unit divides the N scan lines into M scan lines groups
by using an acquisition period necessary for transmitting and
receiving ultrasound signals to acquire ultrasound data. An
ultrasound data acquiring unit transmits ultrasound signals to
a target object and receives the ultrasound signals reflected
from the target object at a predetermined transmission/recep-
tion sequence for each of the M scan line groups. This forms
ultrasound data corresponding to each of the M scan line
groups while a pressure is applied to the target object. An
elastic image forming unit forms at least one sub elastic image
corresponding to each of the M scan line groups based on the
ultrasound data. The elastic forming unit sums M sub elastic
images corresponding to the respective M scan line groups to
thereby form an elastic image of the target object.

14 Claims, 2 Drawing Sheets

SECOND GROUP

FIRST GROUP(1-M) ((M+1)-2M)

i
\tm

THIRD GROUP
((2M+1)N)

)

“ (T4)

it

'
!
!
]
it ¥
!
!
!
)
!




US 8,469,888 B2

Page 2
FOREIGN PATENT DOCUMENTS OTHER PUBLICATIONS
JP 2007-029737 2/2007 P . P
P 5008-100068 A 52008 Korean Office Action issued in Korean Patent Application No.
KR 10-2008-0024327 3/2008 10-2008-0060540, mailed Jan. 12, 2011.
KR 10-2008-0028658 4/2008 Japanese Office Action issued in Japanese Patent Application No. JP

WO WO 2004/093671 A2 11/2004
WO WO 2007/049228 Al 5/2007
WO W02006022238 *5/2007
WO WO 2008/027520 A2 3/2008 * cited by examiner

2009-152580 dated Jul. 19, 2011.



U.S. Patent Jun. 25,2013 Sheet 1 of 2 US 8,469,888 B2

FIG. 1
100
180
l
140 150 160 STORAGE UNIT 17)0
2 2 T
BEAM SIGNAL ELASTIC
PROBE FORMING PROCESSING IMAGE FORMING
UNIT UNIT UNIT
i !
Tx PULSE
UNIT ¥
INPUT UNIT  |~—110
FIG. 2
SECOND GROUP THIRD GROUP
ey | F
S —— b o
12 | | F
____________________ S SO
i i
oy F
e ane S
| M (T4) ; F
_____________________ :r"~“__“—_“““—“_i““—"““—"“““
| o m
fmm—m e :‘ ““““““““““““““ ’3 ““““““““““““““““
| | |1 (T8) F
____________________ :rﬁ____q_____a____‘__4'__,-____“_____Mﬁ_-
| |




U.S. Patent Jun. 25,2013 Sheet 2 of 2 US 8,469,888 B2

FIG. 3
FIRST GROUP(1-M) SE&&E‘&%?UP TH:E%?S%L)JP

) ______________ F
———————— wea L o
____________________ I F
HHHHHHHH poo o
____________________ i F
____________________ T
____________________ o
____________________ T
____________________ D o [
____________________ T e




US 8,469,888 B2

1
FORMATION OF AN ENHANCED ELASTIC
IMAGE IN AN ULTRASOUND SYSTEM

The present application claims priority from Korean Patent
Application No. 10-2008-0060540 filed on Jun. 26, 2008, the
entire subject matter of which is incorporated herein by ref-
erence.

TECHNICAL FIELD

The present disclosure generally relates to ultrasound sys-
tems, and more particularly to an ultrasound system for form-
ing an enhanced elastic image.

BACKGROUND

An ultrasound system has become an important and popu-
lar diagnostic tool since it has a wide range of applications.
Specifically, due to its non-invasive and non-destructive
nature, the ultrasound system has been extensively used in the
medical profession. Modern high-performance ultrasound
systems and techniques are commonly used to produce two or
three-dimensional images of internal features of an object
(e.g., human organs).

Generally, the ultrasound image is displayed in a Bright-
ness-mode (B-mode) by using reflectivity caused by an
acoustic impedance difference between the tissues of the
target object. However, if the reflectivity of the target object is
hardly different from those of the neighboring tissues such as
tumor, cancer or the like, then it is not easy to recognize the
target object in the B-mode image. Further, an ultrasound
elastic imaging technology has been developed to display an
image of the target object by using mechanical characteristics
of the target object such as the elasticity of the target object.
Such technology is very helpful for diagnosing lesions such
as tumor and cancer. The tumor or cancer is relatively stiffer
than the neighboring tissues. Thus, when stress is uniformly
applied, a displacement of the tumor or cancer is typically
smaller than those of the neighboring tissues.

The elasticity of a tissue is measured by using ultrasound
data obtained before and after compressing the tissue. A
pressure plate mounted on a front side of an ultrasound probe
is used to compress the tissue. A user may press the pressure
plate on the target object, for example, by using an ultrasound
probe to thereby compress the tissues of the target object. In
such a case, since strain in the tissues depends on the pressure
applied by the user, the quality of an elastic image may be
changed according to the pressure applied to the tissue. For
example, if the pressure is relatively weak, then a difference
in strain between the tumor or cancer tissue and the neigh-
boring tissues thereof tends to be very small, while the tumor
or cancer is hardly distinguishable from the neighboring tis-
sues in the elastic image.

Further, if the pressure is relatively hard, then a correlation
between the tumor or cancer tissue and the neighboring tis-
sues is lowered, which results in deterioration of the quality of
the elastic. Thus, an appropriate pressure is required to obtain
anenhanced elastic image. Experimentally, when the strain of
the tissues falls within a range of 1-3%, an optimal elastic
image can be obtained.

Since the ultrasound elastic image is formed by obtaining
ultrasound data in a frame unit, a pressing speed and a frame
rate may be important factors in determining the quality of the
elastic image. Assuming that the target object is a breast
whose elastic image is commonly used, a thickness of the
target object may be about 30 mm. When the target object is
compressed by applying a pressure, a moving speed of a

10

15

40

45

60

2

user’s hand may be about 10 mny/s. Under the above condi-
tions, an appropriate frame rate to obtain an average strain of
1% may be determined by the following equation (1).

Frame rate>(10 mmysec)/(0.3 mm/frame)=33 frames/
sec

e

That is, when the frame rate becomes greater than 33
frames/sec, the average strain may be less than 1%. Other-
wise, if the frame rate is lower than 33 frames/sec, then the
strain may be increased over 1%, which may cause an error
for determining a correlation between the lesion and neigh-
boring tissues.

However, in case of obtaining ultrasound image data at a
rate of at least 33 frames/sec, the number of scan lines for
obtaining the ultrasound image data should be reduced. This
may cause a problem since the quality of 2-dimensional black
and white (BW) ultrasound image is lowered. Also, as the
depth of the lesion becomes deeper, the frame rate may be
lowered due to the physical characteristic of the ultrasound
signals propagated into the target object. This also makes the
quality of the ultrasound elastic image degraded. Further, to
achieve the above frame rate, the user has to press the target
object at the corresponding pressing speed.

SUMMARY

Embodiments for forming an enhanced elastic image in an
ultrasound system by using ultrasound data obtained in an
acquisition period while applying a pressure to a target object
are disclosed herein. In one embodiment, by way of non-
limiting example, an ultrasound system for forming an elastic
image of a target object, comprises: an input unit operable to
allow a user to input an acquisition period; a control unit
operable to divide N scan lines into M scan line groups by
using the acquisition period, wherein N and M are a positive
integer and N is greater than M; an ultrasound data acquisition
unit operable to perform plural transmissions/receptions of
ultrasound signals to/from a target object with a pressure
applied thereto for the M scan line groups in an ordered
sequence thereof to thereby form a plurality of ultrasound
data corresponding to each ofthe M scan line groups, wherein
each of the plural transmissions/receptions is performed
within the acquisition period; and an elastic image forming
unit operable to form at least one sub-elastic image corre-
sponding to each of the M scan line groups based on the
ultrasound data, the elastic forming unit being further oper-
able to sum the M sub-elastic images corresponding to the
respective M scan line groups to thereby form an elastic
image of the target object.

In one embodiment, a method of forming an elastic image
of a target object, comprises: a) receiving an acquisition
period representing time duration necessary for transmitting
and receiving ultrasound signals to acquire ultrasound data;
b) dividing N scan lines into M scan lines groups by using the
acquisition period, wherein N and M are a positive integer and
N is greater than M; c) performing plural transmissions/re-
ceptions of ultrasound signals to/from a target object with a
pressure applied thereto for the M scan line groups in an
ordered sequence thereof to thereby form a plurality of ultra-
sound data corresponding to each of the M scan line groups,
wherein each of the plural transmissions/receptions is per-
formed within the acquisition period; and d) forming at least
one sub-elastic image corresponding to each of the M scan
line groups based on the ultrasound data, and summing the M
sub-elastic images corresponding to the respective M scan
line groups to thereby form an elastic image of the target
object.
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The Summary is provided to introduce a selection of con-
cepts in a simplified form that are further described below in
the Detailed Description. This Summary is not intended to
identify key or essential features of the claimed subject mat-
ter, nor is it intended to be used in determining the scope of the
claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing an illustrative embodi-
ment of an ultrasound system.

FIG. 2 shows an example of a transmission/reception
ordered sequence of ultrasound signals.

FIG. 3 shows an example of a transmission/reception
ordered sequence of ultrasound signals according to another
embodiment.

DETAILED DESCRIPTION

A detailed description may be provided with reference to
the accompanying drawings. One of ordinary skill in the art
may realize that the following description is illustrative only
and is not in any way limiting. Other embodiments of the
present invention may readily suggest themselves to such
skilled persons having the benefit of this disclosure.

FIG. 1 is a block diagram showing an illustrative embodi-
ment of an ultrasound system. The ultrasound system 100
may include an input unit 110 operable to allow a user to input
an acquisition period. The acquisition period may be a time
duration for acquiring ultrasound data by transmitting and
receiving ultrasound signals to/from a target object at one
time. In one embodiment, the acquisition period may be set by
the user. Alternatively, the acquisition period may be selected
among candidate acquisition periods provided by the ultra-
sound system. The input unit 110 may be further operable to
allow the user to select a desired image mode.

The ultrasound system 100 may further include a control
unit 120 that may be operable to control an operation of the
ultrasound system 100 based on the acquisition period and the
selection of the image mode. A detailed description for an
operation of the control unit 120 will be described later.

The ultrasound system 100 may further include a transmit
(Tx) pulse generating unit 130 and a probe 140 including an
array transducer consisting of a plurality of elements. The Tx
pulse generating unit 130 may be operable to generate Tx
pulse signals for application to the elements of the probe 140.
The elements may be operable to reciprocally convert elec-
trical pulse signals and ultrasound signals. The probe 140
may include a transmission/reception (Ix/Rx) plane (not
shown), which may be in contact with the surface of the target
object. Ultrasound signals may be transmitted through the
Tx/Rx plane of the probe 140 in response to the Tx pulse
signals. The probe 140 may further include a pressure plate
(not shown). The pressure plate may be configured to encom-
pass and extend the Tx/Rx plane. However, its shape is not
limited thereto.

The ultrasound system 100 may further include a beam
forming unit 150. The beam forming unit 150 may apply
delays to the Tx pulse signals to form a transmit pattern such
that the ultrasound signals transmitted from the probe 140
focus on scan lines.

The probe 140 may be further operable to receive ultra-
sound echo signals reflected from the target object and con-
vert them into electrical receive signals. The beam forming
unit 150 may be further operable to apply delays to the receive
signals outputted from the probe 140 in consideration of
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distances between the elements and the focal points. It may
then sum the delayed receive signals to thereby form a
receive-focused beam.

The ultrasound system 100 may further include a signal
processing unit 160. The signal processing unit 160 may be
operable to perform signal processing upon the receive-fo-
cused beam to thereby form ultrasound data. The signal pro-
cessing unit 160 may be operable to form the ultrasound data
in the acquisition period. The formed ultrasound data may be
stored in a storage unit 180. The storage unit 180 may include
a buffer for temporarily storing the ultrasound data.

The ultrasound system 100 may further include an elastic
image forming unit 170. The elastic image forming unit 170
may be operable to search the storage unit 180 to check
whether the ultrasound data are stored for all of the scan lines.
If the acquisition of the ultrasound data is completed for all of
the scan lines, then the elastic image forming unit 170 may be
operable to analyze the ultrasound data to form an elastic
image. In one embodiment, the analysis of the ultrasound data
may be carried out by auto-correlation.

Hereinafter, a method of forming the elastic image will be
described in detail with reference to FIGS. 1 and 2. FIG. 2 is
a schematic diagram showing an example of a transmission/
reception ordered sequence of ultrasound signals in one
embodiment. For the sake of convenience, an example of
setting N scan lines necessary for acquiring one frame of the
elastic image will be described, wherein N is a positive inte-
ger.

If the acquisition period F is determined according to the
user’s input through the input unit 110, then the control unit
120 may be operable to calculate the maximum number of
scan lines, Smax, for which the ultrasound data can be
obtained during the acquisition period. The maximum num-
ber of the scan lines, Smax, may be calculated according to
the following equation (2).

Smax=(1/F)/Tos 2)

wherein Tos represents time duration necessary for acquiring
ultrasound data corresponding to one scan line. The Tos may
be obtained as the following equation (3).

Tos=Dv/C+Tsd 3)

wherein Dv represents a view depth of an elastic image to be
formed and C represents a sound speed in the target object
(e.g., about 1540 mm/s in a human body). Also, Tsd repre-
sents a time duration, within which ultrasound signals are
transmitted and received at one time, in the ultrasound sys-
tem.

The control unit 120 may be further operable to divide the
entire N scan lines into a plurality of scan line groups by using
the maximum number of the scan lines, Smax, which is cal-
culated according to equations (2) and (3). For example,
assuming that the number of the scan lines, Smax, is M, the N
scan lines may be divided into a first scan line group including
(1-M) scan lines, a second scan line group including (M+
1)-2M) scan lines and a third scan line group including
((2M+1)-N), as illustrated in FIG. 2. After determining the
scan line groups, the control unit 120 may be operable to
determine a transmission/reception ordered sequence of the
respective scan line groups. The control unit 120 may be
operable to control transmission/reception of the ultrasound
signals based on the transmission/reception ordered
sequence.

In one embodiment, while a pressure is applied to the target
object, the control unit 120 may be operable to control opera-
tions of the Tx pulse generating unit 130, probe 140 and beam
forming unit 150 such that the ultrasound signals are trans-
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mitted twice, T1 and T2 to be focused along the first scan line
group in the acquisition period so that first and second ultra-
sound data corresponding to the first scan line group may be
acquired. The first and second ultrasound data may be stored
in the storage unit 180.

Subsequently, under the control of the control unit 120, the
ultrasound signals may be transmitted twice, T3-T4 and
T5-T6 to the second and third scan line groups, respectively,
in the same manner of the transmission/reception to the first
scan line group while the pressure is applied to the target
object. This is so that the first and second ultrasound data
corresponding to the respective scan line groups may be
obtained. In one embodiment, the first ultrasound data
acquired for the respective scan line groups may be consid-
ered as the ultrasound data acquired before applying the pres-
sure. Further, the second ultrasound data acquired for the
respective scan line groups may be considered as the ultra-
sound data acquired after applying the pressure.

If'the acquisition of the first and second ultrasound data for
all of the scan line groups is completed, then the elastic image
forming unit 170 may be operable to compare the first and
second ultrasound data for the respective scan line groups. In
one embodiment, a comparison of the first and second ultra-
sound data may be carried out by using the auto-correlation.
The elastic image forming unit 170 may be operable to form
sub-elastic images for the respective scan line groups based
on the comparison results and then sum the sub-elastic
images to thereby form a final elastic image of the target
object. In one embodiment, the comparison of the first and
second ultrasound data may be carried out by using the auto-
correlation, although it is not limited thereto. Since the auto-
correlation is a well-known method of comparing the data,
detailed descriptions thereof will be omitted.

In one embodiment, a plurality of sub-elastic images may
be formed by using different strains of the target object for
each of the scan line groups. In such a case, the sub-elastic
images corresponding to the same strain may be summed so
that a plurality of final elastic images of the target object may
be formed. This elastic image forming method will be
described in detail with reference to the FIGS. 1 and 3. FIG.
3 is a schematic diagram showing an example of a transmis-
sion/reception ordered sequence of the scan line groups in
one embodiment. For the sake of convenience, an example of
setting N scan lines necessary for acquiring one frame of the
elastic image will be described, wherein N is a positive inte-
ger.

If the acquisition period F is determined according to the
user’s input through the input unit 110, then the control unit
120 may be operable to calculate the maximum number of
scan lines, Smax, for acquiring the ultrasound data during the
acquisition period among the N scan lines, as mentioned
above.

The control unit 120 may be further operable to divide the
entire N scan lines into a plurality of scan line groups by using
the maximum number of the scan lines, Smax, which is cal-
culated through equations (2) and (3). For example, assuming
that the number of the scan lines, Smax, is M, the N scan lines
may be divided into a first scan line group including (1-M)
scan lines, a second scan line group including (M+1)-2M)
scan lines and a third scan line group including ((2M+1)-N)
scan lines, as illustrated in FIG. 3. After determining the scan
line groups, the control unit 120 may be operable to determine
a transmission/reception ordered sequence of the ultrasound
signals for the respective scan line groups. The control unit
120 may be operable to control transmission/reception of the
ultrasound signals based on the transmission/reception
ordered sequence. That is, the transmission/reception of the
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ultrasound signals may be carried out for the respective scan
line groups according to the transmission/reception ordered
sequence.

In one embodiment, while a pressure is applied to the target
object by using the probe, the ultrasound signals may be
transmitted twice, T1 and T2, in the acquisition period to be
focused along the first scan line group. This is so that first and
second ultrasound data corresponding to the first scan line
group may be acquired by using reflected ultrasound signals.
The transmission/reception of the ultrasound signals may be
carried out according to the transmission/reception ordered
sequence under the control of the control unit 120. The first
and second ultrasound data may be stored in the storage unit
180.

Subsequently, ultrasound signals may be transmitted once
T3 to be focused along the second scan line group. This is so
that first ultrasound data corresponding to the second scan
line group may be acquired by using reflected ultrasound
signals. Thereafter, ultrasound signals may be transmitted
once, T4, to be focused along the first scan line group in the
acquisition period so that third ultrasound data corresponding
to the first scan line group may be acquired. The third ultra-
sound data may be also stored in the storage unit 180.

Successively, ultrasound signals are transmitted twice, TS
and T6. to be focused along the second scan line group in the
acquisition period so that second and third ultrasound data
corresponding to the second scan line group may be acquired.
The second and third ultrasound data corresponding to the
second scan line group may be also stored in the storage unit
180. Thereafter, ultrasound signals are transmitted twice, T7
and T8, to be focused along the third scan line group in the
acquisition period so that first and second ultrasound data
corresponding to the third scan line group may be acquired. In
one embodiment, the control unit 120 may be operable to
control the transmission of the ultrasound signals to have a
dummy time identical to one acquisition period. Then, the
ultrasound signals are transmitted once, T9, to be focused
along the third scan line group so that third ultrasound data
corresponding to the third scan line group may be acquired.
The first to third ultrasound data corresponding to the third
scan line group may be also stored in the storage unit 180.

In one embodiment, the elastic image forming unit 170
may be operable to compare the first, second and third ultra-
sound data for each of the scan line groups to thereby form
sub-elastic images. Assuming that the strain of 1% may occur
during one acquisition period while the pressure is applied to
the target object, a first sub-elastic image formed based on the
strain of 1%, a second sub-elastic image formed based on the
strain 0f 2% and a third sub-elastic image formed based on the
strain 0f 3% may be obtained for each of the scan line groups.
For example, the strain between the first ultrasound data and
the second ultrasound data corresponding to the first scan line
group may be 1%, while the strain between the second ultra-
sound data and the third ultrasound data corresponding to the
first scan line group may be 2%. Also, the strain between the
first ultrasound data and the third ultrasound data correspond-
ing to the first scan line group may be 3%. Thus, the ultra-
sound data having a predetermined range of strain 1%-3%
may be acquired.

The elastic image forming unit 170 may be further oper-
able to sum the sub-elastic images formed based on the same
strain for the respective scan line groups to thereby form
elastic images of the target object corresponding to strains of
1%, 2% and 3%. Further, the elastic image forming unit 170
may be operable to average the elastic images of the target
object to thereby form a final elastic image of the target
object. In one embodiment, as mentioned above, the elastic
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images are formed at various strains and the elastic images are
compounded. Thus, although the pressure may not be uni-
formly applied to the target object, an error of data necessary
for forming the elastic image may be reduced.

In one embodiment, when the number of the scan line
groups is an even number, the control unit 120 may be oper-
able to pair the M scan line groups. In such a case, the dummy
time may not be needed.

Although the strains for forming the elastic images are
described for 1%, 2% and 3% in one embodiment, the strains
are not limited thereto. Various strains may be adopted
according to types of target object by adjusting the transmis-
sion/reception ordered sequence of the ultrasound signals.
For example, the strains of 1%-5%, 2%-3% or 1.5%-3.5%
may be adopted to form the sub-elastic images and then the
sub-elastic images summed and averaged to form a final
elastic image of the target object. A method of forming the
elastic image by using the strain of the target object is well
known to a person skilled in the art. Thus, detailed description
thereof is omitted. In one embodiment, the formation of the
elastic image may be carried out by referring to the methods
disclosed in Korean Patent Nos. 10-686288 and 10-782045
owned by Medison Co. LTD.

Although embodiments have been described with refer-
ence 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. An ultrasound system for forming an elastic image of a
target object, comprising:

an input unit operable to allow a user to input an acquisition
period representing time duration necessary for trans-
mitting and receiving ultrasound signals to acquire ultra-
sound data;

a control unit operable to divide N scan lines into M scan
line groups by using the acquisition period and to deter-
mine a transmission/reception ordered sequence of the
respective M scan line groups, wherein N and M are a
positive integer and N is greater than M;

an ultrasound data acquisition unit operable to perform
plural transmissions/receptions of ultrasound signals
to/from a target object with a pressure applied thereto for
the M scan line groups in the transmission/reception
ordered sequence thereof to thereby form a plurality of
ultrasound data corresponding to each of the M scan line
groups, wherein each of the plural transmissions/recep-
tions is performed within the acquisition period; and

an elastic image forming unit operable to form at least one
sub-elastic image corresponding to each of the M scan
line groups based on the ultrasound data, the elastic
forming unit being further operable to sum the M sub-
elastic images corresponding to respective M scan line
groups to thereby form an elastic image of the target
object.

2. The ultrasound system of claim 1, wherein the ultra-
sound data acquisition unit is operable to sequentially trans-
mit the ultrasound signals twice in the acquisition period to
thereby acquire first ultrasound data and second ultrasound
data for each of the M scan line groups, and
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wherein elastic image forming unit is operable to compare
the first ultrasound data and the second data, and form
the M sub-elastic images corresponding to the M scan
line groups based on a comparison result.

3. The ultrasound system of claim 2, wherein the control
unit is operable to calculate a maximum number of scan lines
within which the ultrasound data are obtained during the
acquisition period and divide the N scan lines into the M scan
line groups based on the maximum number of the scan lines.

4. The ultrasound system of claim 3, wherein the control
unit calculates a maximum number (Smax) of the scan lines
according to a following equation,

Smax=(1/F)/Tos

where F represents the acquisition period and Tos repre-
sents a time duration necessary for acquiring ultrasound
data for one scan line, and the Tos may be obtained
according to the following equation,

Tos=Dv/C+Tsd

where Dv represents a view depth of an elastic image to be
formed, C represents a sound speed in the target object,
Tsd represents a time duration necessary for transmit-
ting and receiving ultrasound signals in the ultrasound
system.

5. The ultrasound system of claim 2, wherein the ultra-
sound data acquisition unit is operable to further acquire third
ultrasound data for each of the M scan line groups, and
wherein the third ultrasound data are acquired at an interval of
two acquisition periods from the acquisition of the first ultra-
sound data.

6. The ultrasound system of claim 1, wherein the ultra-
sound data acquisition unit is operable to multiply transmit/
receive ultrasound signals multiple times to/from each of the
M scan line groups in the acquisition period to form a plural-
ity of ultrasound data corresponding to the respective M scan
line group while the pressure is applied to the target object,
and

wherein the elastic image forming unit is operable to form
a plurality of sub-elastic images corresponding to dif-
ferent strains for each ofthe M scan line groups, and sum
the sub-elastic images corresponding to a same strain to
thereby form elastic images of the target object for
respective strains.

7. The ultrasound system of claim 6, wherein the elastic
image forming unit is further operable to compound the elas-
tic images of the target object for the respective strains.

8. A method of forming an elastic image of a target object,
comprising:

a) receiving an acquisition period representing time dura-
tion necessary for transmitting and receiving ultrasound
signals to acquire ultrasound data;

b) dividing N scan lines into M scan lines groups by using
the acquisition period and determining a transmission/
reception ordered sequence of the respective M scan line
groups, wherein N and M are a positive integer and N is
greater than M;

¢) performing plural transmissions/receptions of ultra-
sound signals to/from a target object with a pressure
applied thereto for the M scan line groups in the trans-
mission/reception ordered sequence to thereby form a
plurality of ultrasound data corresponding to each of the
M scan line groups, wherein each of the plural transmis-
sions/receptions is performed within the acquisition
period; and

d) forming at least one sub-elastic image corresponding to
each of the M scan line groups based on the ultrasound
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data, and summing the M sub-elastic images corre-
sponding to respective M scan line groups to thereby
form an elastic image of the target object.

9. The method of claim 8, wherein the ¢) includes trans-
mitting the ultrasound signals twice in the acquisition period
to thereby acquire first ultrasound data and second ultrasound
data for each of the M scan line groups, and the d) includes
comparing the first ultrasound data and the second data to
form M sub-elastic images corresponding to the M scan line
groups based on a comparison result.

10. The method of claim 8, wherein the ¢) includes:

cl) pairing the M scan line groups to at least one pair of

scan line groups;

¢2) transmitting the ultrasound signals twice in the acqui-

sition period to be focused along a first scan line group in
each pair of the scan line groups to form first and second
ultrasound data corresponding to the first scan line
group;

c3) transmitting the ultrasound signals once to be focused

along a second scan line group in each pair of the scan
line groups to form first ultrasound data corresponding
to the second scan line group;

c4) transmitting the ultrasound signals once to be focused

along the first scan line group in each pair of the scan line
groups to form third ultrasound data corresponding to
the first scan line group; and

¢5) transmitting the ultrasound signals twice in the acqui-

sition period to be focused along the second scan line

10
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group in each pair of the scan line groups to form second
and third ultrasound data corresponding to the second
scan line group.

11. The method of claim 10, wherein the d) includes form-
ing a first elastic image, a second elastic image and a third
elastic image based on the first, second and third ultrasound
data.

12. The method of claim 11, further comprising com-
pounding the first, second and third elastic images.

13. The method of claim 8, wherein the N scan lines are
divided into the M scan line groups by using a maximum
number of scan lines for acquiring the ultrasound data during
the acquisition period.

14. The method of claim 13, where the maximum number
Smax of the scan lines is calculated as a following equation,

Smax=(1/F)/Tos

where F represents the acquisition period and Tos repre-
sents time duration necessary for acquiring ultrasound
data for one scan line, and the Tos may be obtained as a
following equation,

Tos=Dv/C+Tsd

where Dv represents a view depth of an elastic image to be
formed, C represents a sound speed in the target object,
Tsd represents time duration for transmitting and receiv-
ing ultrasound signals in the ultrasound system.

* * #* ok %
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