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Description

TECHNICAL FIELD

[0001] The present disclosure generally relates to ultrasound systems, and more particularly to an ultrasound system
for forming an enhanced elastic image.

BACKGROUND

[0002] An ultrasound system has become an important and popular 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. Modem 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).
[0003] Generally, the ultrasound image is displayed in a Brightness-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.
[0004] 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 neighboring tissues thereof tends
to be very small, while the tumor or cancer is hardly distinguishable from the neighboring tissues in the elastic image.
[0005] Further, if the pressure is relatively hard, then a correlation between the tumor or cancer tissue and the neigh-
boring tissues is lowered, which results in deterioration of the quality of the elastic. Thus, an appropriate pressure is
required to obtain an enhanced elastic image. Experimentally, when the strain of the tissues falls within a range of 1-3%,
an optimal elastic image can be obtained.
[0006] 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 user’s hand may be about 10 mm/s. Under
the above conditions, an appropriate frame rate to obtain an average strain of 1 % may be determined by the following
equation (1). 

[0007] That is, when the frame rate becomes greater than 33 frames/sec, the average strain may be less than 1 %.
Otherwise, 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 neighboring tissues.
[0008] 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.
[0009] WO 2008/027520 A describes a method of generating high frame rate composite ultrasound frames, in which
a series of ultrasound frames for each ofN sectors is acquired over a duration of one or more cardiac cycles. An ECG
signal is acquired substantially simultaneously for each cardiac cycle, wherein each of said series of ultrasound frames
for each sector is triggered or gated using said ECG signal. The data for the sectors in time are synchronized using the
ECG signals. The data from the various sectors are combined to generate a series of composite ultrasound frames at
high frame rate. At least one of said series of frames is displayed to a user.
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SUMMARY

[0010] 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 of the 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 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 the respective M scan line groups to thereby form
an elastic image of the target object.
[0011] 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/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 of the M scan line groups,
wherein each of the plural transmissions/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 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.

[0012] The Summary is provided to introduce a selection of concepts 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 matter, nor is it intended to be used in determining the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

FIG. 1 is a block diagram showing an illustrative embodiment 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

[0014] 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.
[0015] FIG. 1 is a block diagram showing an illustrative embodiment 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 ultrasound system. The input unit 110 may be further
operable to allow the user to select a desired image mode.
[0016] 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.
[0017] 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 electrical pulse signals and ultrasound signals. The probe 140 may include a transmission/reception (Tx/Rx)
plane (not shown), which may be in contact with the surface of the target object. Ultrasound signals may be transmitted
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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 encompass and extend the Tx/Rx plane. However,
its shape is not limited thereto.
[0018] 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.
[0019] The probe 140 may be further operable to receive ultrasound echo signals reflected from the target object and
convert 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 distances between the elements and the focal points.
It may then sum the delayed receive signals to thereby form a receive-focused beam.
[0020] 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-focused beam to thereby form ultrasound data. The
signal processing 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.
[0021] 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.
[0022] 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 integer.
[0023] 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 number of the scan lines, Smax, may be calculated according to
the following equation (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). 

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 represents a time duration, within which ultrasound signals
are transmitted and received at one time, in the ultrasound system.
[0024] 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 calculated 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.
[0025] In one embodiment, while a pressure is applied to the target object, the control unit 120 may be operable to
control operations of the Tx pulse generating unit 130, probe 140 and beam forming unit 150 such that the ultrasound
signals are transmitted twice, T1 and T2 to be focused along the first scan line group in the acquisition period so that
first and second ultrasound 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.
[0026] 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
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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 considered as the ultrasound data acquired before applying the
pressure. Further, the second ultrasound data acquired for the respective scan line groups may be considered as the
ultrasound data acquired after applying the pressure.
[0027] 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 ultrasound 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.
[0028] 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 transmission/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 integer.
[0029] 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.
[0030] 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 calculated 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 transmis-
sion/reception ordered sequence. That is, the transmission/reception of the ultrasound signals may be carried out for
the respective scan line groups according to the transmission/reception ordered sequence.
[0031] 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.
[0032] 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 ultrasound data may be also stored in the storage unit 180.
[0033] Successively, ultrasound signals are transmitted twice, T5 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.
[0034] In one embodiment, the elastic image forming unit 170 may be operable to compare the first, second and third
ultrasound 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 of 2 % and a third sub-elastic image
formed based on the strain of 3 % may be obtained for each of the scan line groups. For example, the strain between
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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 ultrasound 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 corresponding to the first
scan line group may be 3 %. Thus, the ultrasound data having a predetermined range of strain 1 % - 3 % may be acquired.
[0035] The elastic image forming unit 170 may be further operable 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 images are formed at various strains and the elastic images are compounded. Thus, although the pressure
may not be uniformly applied to the target object, an error of data necessary for forming the elastic image may be reduced.
[0036] In one embodiment, when the number of the scan line groups is an even number, the control unit 120 may be
operable to pair the M scan line groups. In such a case, the dummy time may not be needed.
[0037] 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
transmission/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.
[0038] 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
modifications are possible in the component parts and/or arrangements 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.

Claims

1. An ultrasound system (100) for forming an elastic image of a target object, comprising:

an input unit (110) operable to allow a user to input an acquisition period;
a control unit (120) 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 (130, 140, 150, 160) 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 of the M scan line groups,
wherein each of the plural transmissions/receptions is performed within the acquisition period; and
an elastic image forming unit (170) 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 (170) being further operable 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.

2. The ultrasound system (100) of Claim 1, wherein the ultrasound data acquisition unit (130, 140, 150, 160) is operable
to sequentially transmit 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
wherein elastic image forming unit (170) 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 the comparison result.

3. The ultrasound system (100) of Claim 2, wherein the control unit (120) is operable to calculate the 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 (100) of Claim 3, wherein the control unit (120) calculates the maximum number Smax of
the scan lines according to the following equation, 
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where F represents the acquisition period and Tos represents a time duration necessary for acquiring ultrasound
data for one scan line, and the Tos may be obtained according to the following equation, 

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 transmitting and receiving ultrasound signals in the ultrasound system.

5. The ultrasound system (100) of Claim 2, wherein the ultrasound data acquisition unit (130, 140, 150, 160) 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 ultrasound data.

6. The ultrasound system (100) of Claim 1, wherein the ultrasound data acquisition unit (130, 140, 150, 160) 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 plurality 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 (170) is operable to form a plurality of sub-elastic images corresponding to
different strains for each of the M scan line groups, and sum the sub-elastic images corresponding to the same
strain to thereby form elastic images of the target object for the respective strains.

7. The ultrasound system (100) of Claim 6, wherein the elastic image forming unit (170) is further operable to compound
the elastic 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 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/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 of the M scan line groups, wherein each of the plural transmissions/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
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.

9. The method of Claim 8, wherein the c) includes transmitting 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 the comparison result.

10. The method of Claim 8, wherein the c) includes:

c1) pairing the M scan line groups to at least one pair of scan line groups;
c2) transmitting the ultrasound signals twice in the acquisition 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
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c5) transmitting the ultrasound signals twice in the acquisition period to be focused along the second scan line
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 forming 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 compounding 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 the 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 the following equation, 

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

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 receiving ultrasound signals in the ultrasound system.

Patentansprüche

1. Ultraschallsystem (100) zum Bilden eines elastischen Bildes eines Zielobjekts, welches Folgendes ausweist:

eine Eingabeeinheit (110), die betriebsfähig ist, um es einem Benutzer zu erlauben, einen Erfassungszeitraum
einzugeben,
eine Steuereinheit (120), die betriebsfähig ist, um N Abtastlinien in M Abtastliniengruppen unter Verwendung
des Erfassungszeitraums zu unterteilen, wobei N und M positive ganze Zahlen sind und N größer als M ist;
eine Ultraschalldaten-Erfassungseinheit (130, 140, 150, 160), welche betriebsfähig ist, um mehrere Übertra-
gungen/Empfangsvorgänge von Ultraschallsignalen zu/von einem Zielobjekt mit einem daran angelegten Druck
für die M Abtastliniengruppen in einem geordneten Ablauf davon durchzuführen, um auf diese Weise eine
Vielzahl von Ultraschalldaten zu bilden, die mit jeder der M Abtastliniengruppen korrespondieren, wobei jede
der mehreren Übertragungen/Empfangsvorgänge innerhalb des Erfassungszeitraums durchgerührt wird; und
eine elastische Bildformiereinheit (170), welche betriebsfähig ist, um wenigstens ein subelastisches Bild zu
bilden, das mit jeder der auf den Ultraschalldaten basierenden M Abtastliniengruppen korrespondiert, wobei
die elastische Formiereinheit (170) des Weiteren betriebsfähig ist, um die M subelastischen Bilder, die mit den
entsprechenden M Abtastliniengruppen korrespondieren, zu summieren, um auf diese Weise ein elastisches
Bild des Zielobjekts zu bilden.

2. Ultraschallsystem (100) nach Anspruch 1, wobei die Ultraschalldaten-Erfassungseinheit (130, 140, 150, 160) be-
triebsfähig ist, um sequenziell die Ultraschallsignale zweimal in dem Erfassungszeitraum sequenziell zu übertragen,
um auf diese Weise erste Ultraschalldaten, und zweite Ultraschalldaten für jede der M Abtastliniengruppen zu
erlangen, und
wobei die elastische Bildformiereinheit (170) betriebsfähig ist, um die ersten Ultraschalldaten und die zweiten Ul-
traschalldaten zu vergleichen, und um die M subelastischen Bilder, die mit den M Abtastliniengruppen korrespon-
dieren, basierend auf dem Vergleichsergebnis zu bilden.

3. Ultraschallsystem (100) nach Anspruch 2, wobei die Steuereinheit (120) betriebsfähig ist, um die maximale Anzahl
von Abtastlinien zu berechnen, innerhalb welchen die Ultraschalldaten während des Erfassungszeitraums erlangt
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werden, und um die N Abtastlinien basierend auf der maximalen Anzahl der Abtastlinien in die M Abtastliniengruppen
zu unterteilen.

4. Ultraschallsystem (100) nach Anspruch 3, wobei die Steuereinheit (120) die maximale Anzahl Smax der Abtastlinien
gemäß der folgenden Gleichung berechnet, 

wobei F den Erfassungszeitraum darstellt und Tos eine Zeitdauer darstellt, welche zum Ermitteln von Ultraschall-
daten, für eine Abtastlinie notwendig ist, und Tos gemäß der folgenden Gleichung erhalten werden kann, 

wobei Dv eine Ansichtstiefe eines zu bildenden elastischen Bilds darstellt, C eine Schallgeschwindigkeit in dem
Zielobjekt darstellt, Tsd eine Zeitdauer darstellt, die notwendig ist, um Ultraschallsignale in dem Ultraschallsystem
zu übertragen und zu empfangen.

5. Ultraschallsystem (100) nach Anspruch 2, wobei die Ultraschalldaten-Erfassungseinheit (130, 140, 150, 160) be-
triebsfähig ist, um des Weiteren dritte Ultraschalldaten für jede der M Abtastliniengruppen zu erhalten, und wobei
die dritten Ultraschalldaten in einem Intervall von zwei Erfassungszeiträumen von dem Erhalt der ersten Ultraschall-
daten erhalten werden.

6. Ultraschallsystem (100) nach Anspruch 1, wobei die Ultraschalldaten-Erfassungseinheit (130, 140, 150, 160) be-
triebsfähig ist, um übertragene/empfangene Ultraschallsignale mehrfach zu/von jeder der M Abtastliniengruppen in
dem Erfassungszeitraum zu vervielfachen, um eine Vielzahl von Ultraschalldaten zu bilden, welche der entspre-
chenden M Abtastliniengruppe entsprechen, während der Druck auf das Zielobjekt aufgebracht wird, und
wobei die elastische Bildformiereinheit (170) betriebsfähig ist, um eine Vielzahl von subelastischen Bildern zu bilden,
die mit unterschiedlichen Deformationen bzw. Belastungen für jede der M Abtastliniengruppen korrespondieren,
und um die subelastischen Bilder, welche derselben Belastung entsprechen, zu summieren, um auf diese Weise
elastische Bilder des Zielobjekts für die jeweiligen Belastungen zu bilden.

7. Ultraschallsystem (100) nach Anspruch 6, wobei die elastische Bildformiereinheit (170) des Weiteren betriebsfähig
ist, um die elastischen Bilder des Zielobjekts für die jeweiligen Belastungen zu verbinden.

8. Verfahren zum Bilden eines elastischen Bilds eines Zielobjekts, welches Folgendes aufweist:

a) Empfangen eines Erfassungszeitraums, welcher eine Zeitdauer darstellt, die notwendig ist, um Ultraschall-
signale zu übertragen und zu empfangen, um Ultraschalldaten zu erlangen;
b) Unterteilen von N Abtastlinien in M Abtastliniengruppen unter Verwendung des Erfassungszeitraums, wobei
N und M positive ganze Zahlen sind und N größer ist als M;
c) Durchführen von mehreren Übertragungen/Empfangsvorgängen der Ultraschallsignale zu/von einem Ziel-
objekt mit einem daran angelegten Druck für die M Abtastliniengruppen in einem geordneten Ablauf derselben,
um auf diese Weise eine Vielzahl von Ultraschalldaten zu bilden, die mit jeder der M Abtastliniengruppen
korrespondieren, wobei jede der mehreren Übertragungen/Empfangsvorgänge innerhalb des Erfassungszeit-
raums durchgeführt wird; und
d) Bilden wenigstens eines subelastischen Bilds, das mit jeder der M Abtastliniengruppen korrespondiert, ba-
sierend auf den Ultraschalldaten und Summieren der M subelastischen Bilder, die mit den entsprechenden M
Abtastliniengruppen korrespondieren, um auf diese Weise ein elastisches Bild des Zielobjekts zu bilden.

9. Verfahren nach Anspruch 8, wobei c) das Übertragen der Ultraschallsignale zweimal in dem Erfassungszeitraum
beeinhaltet, um auf diese Weise erste Ultraschalldaten und zweite Ultraschalldaten für jede der M Abtastliniengrup-
pen zu erlangen, und d) das Vergleichen der ersten Ultraschalldaten und der zweiten Ultrasehalldaten beinhaltet,
um M subelastische Bilder zu bilden, die mit den M Abtastliniengruppen basierend auf dem Vergleichsergebnis
korrespondieren.
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10. Verfahren nach Anspruch 8, wobei c) Folgendes aufweist:

c1) Paaren der M Abtastliniengruppen in weinigstens ein Paar von Abtastliniengruppen;
c2) zweimaliges Übertragen der Ultraschallsignale in dem Erfassungszeitraum, um entlang einer ersten Ab-
tastliniengruppe in jedem Paar der Abtastliniengruppen fokussiert zu sein, um erste und zweite Ultraschalldaten
zu bilden, die mit der ersten Abtastliniengruppe korrespondieren; 1
c3) einmaliges Übertragen der Ultraschallsignale, um entlang einer zweiten Abtastliniengruppe in jedem Paar
der Abtastliniengruppen fokussiert zu sein, um erste Ultraschalldaten zu bilden, die mit der zweiten Abtastlini-
engruppe korrespondieren;
c4) einmaliges Übertragen der Ultraschallsignale, um entlang einer ersten Abtastliniengruppe in jedem Paar
der Abtastliniengruppen fokussiert zu sein, um dritte Ultraschalldaten zu bilden, die mit der ersten Abtastlinien-
gruppe korrespondieren; und
c5) zweimaliges Übertragen der Ultraschallsignale in dem Erfassungszeitraum, um entlang einer zweiten Ab-
tastliniengruppe in jedem Paar der Abtastliniengruppen fokussiert zu sein, um zweite und dritte Ultraschalldaten
zu bilden, die mit der zweiten Abtastliniengruppe korrespondieren,

11. Verfahren nach Anspruch 10, wobei d) das Bilden eines ersten elastischen Bilds, eines zweiten elastischen Bilds
und eines dritten elastischen Bilds basierend auf den ersten, zweiten und dritten Ultraschalldaten beinhaltet.

12. Verfahren nach Anspruch 11, welches des Weiteren das Verbinden der ersten, zweiten und dritten elastischen
Bilder beinhaltet,

13. Verfahren nach Anspruch 8, wobei die N Abtastlinien in die M Abtastliniengruppen unter Verwendung der maximalen
Anzahl von Abtastlinien eingeteilt werden, um die Ultraschalldaten während des Erfassungszeitraums zu erlangen.

14. Verfahren nach Anspruch 13, wobei die maximale Anzahl Smax der Abtastlinien nach der folgenden Gleichung
berechnet wird, 

wobei F den Erfassungszeitraum darstellt und Tos eine Zeitdauer darstellt, welche zum Ermitteln von Ultraschalldaten
für eine Abtastlinie notwendig ist, und Tos gemäß der folgenden Gleichung erhalten werden kann, 

wobei Dv eine Ansichtstiefe eines zu bildenden elastischen Bilds darstellt, C eine Schallgeschwindigkeit in dem
Zielobjekt darstellt, Tsd eine Zeitdauer darstellt, die notwendig ist, um Ultraschallsignale in dem Ultraschallsystem
zu übertragen und zu empfangen.

Revendications

1. Système ultrasonore (100) pour former une image élastique d’un objet cible, comprenant:

une unité d’entrée (110) agencée pour permettre à un utilisateur d’entrer une période d’acquisition ;
une unité de commande (120) agencée pour diviser N lignes de balayage en M groupes de lignes de balayage
en utilisant la période d’acquisition, où N et M sont des entiers positifs et N est plus grand que M ;
une unité d’acquisition de données ultrasonores (130, 140, 150, 160) agencée pour exécuter des transmis-
sions/réceptions multiples de signaux ultrasonores en direction et en provenance d’un objet cible avec une
pression appliquée à cet objet pour les M groupes de lignes de balayage dans une séquence ordonnée de ces
groupes pour former ainsi une pluralité de données ultrasonores correspondant à chacun des M groupes de
lignes de balayage, chacune des transmissions/réceptions multiples étant exécutée dans la période d’acquisi-
tion; et
une unité de formation d’image élastique (170) agencée pour former au moins une image sub-élastique cor-
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respondant à chacun des M groupes de lignes de balayage sur la base des données ultrasonores, l’unité de
formation élastique (170) étant en outre agencée pour additionner les M images sub-élastiques correspondant
aux M groupes de lignes de balayage respectifs pour former ainsi une image élastique de l’objet cible.

2. Système ultrasonore (100) de la revendication 1, dans lequel l’unité d’acquisition de données ultrasonores (130,
140, 150, 160) est agencée pour transmettre séquentiellement les signaux ultrasonores à deux reprises dans la
période d’acquisition pour acquérir ainsi des premières données ultrasonores et des deuxièmes données ultraso-
nores pour chacun des M groupes de lignes de balayage, et
dans lequel l’unité de formation d’images élastiques (170) est agencée pour comparer les premières données
ultrasonores et les deuxièmes données et former les M images sub-élastiques correspondant aux M groupes de
lignes de balayage sur la base du résultat de la comparaison.

3. Système ultrasonore (100) de la revendication 2, dans lequel l’unité de commande (120) est agencée pour calculer
le nombre maximum de lignes de balayage dans lequel les données ultrasonores sont obtenues pendant la période
d’acquisition et diviser les N lignes de balayage en les M groupes de lignes de balayage sur la base du nombre
maximum des lignes de balayage,

4. Système ultrasonore (100) de la revendication 3, dans lequel l’unité de commande (120) calcule le nombre maximum
Smax de lignes de balayage selon l’équation suivante, 

où F représente la période d’acquisition et Tos représente une durée de temps nécessaire pour acquérir des données
ultrasonores pour une ligne de balayage, et le Tos peut être obtenu selon l’équation suivante, 

où Dv représente une profondeur de vue d’une image élastique à former, C représente une vitesse du son dans
l’objet cible, Tsd représente une durée de temps nécessaire pour transmettre et recevoir des signaux ultrasonores
dans le système ultrasonores.

5. Système ultrasonore (100) de revendication 2, dans lequel l’unité d’acquisition de données ultrasonores (130, 140,
150, 160) est agencée pour acquérir en outre des troisièmes données ultrasonores pour chacun des M groupes de
lignes de balayage, et dans lequel les troisièmes données ultrasonores sont acquises à un intervalle de deux
périodes d’acquisition à partir de l’acquisition des premières données ultrasonores,

6. Système ultrasonore (100) de la revendication 1, dans lequel l’unité d’acquisition de données ultrasonores (130,
140, 150, 160) est agencée pour multiplier à de multiples reprises les transmissions/réceptions de signaux ultraso-
nores en direction et en provenance de chacun des M groupes de lignes de balayage dans la période d’acquisition
pour former une pluralité de données ultrasonores correspondant aux M groupes de lignes de balayage respectifs
pendant que la pression est appliquée à l’objet cible, et
dans lequel l’unité de formation d’image élastique (170) est agencée pour former une pluralité d’images sub-élas-
tiques correspondant à différentes contraintes pour chacun des M groupes de lignes de balayage et pour additionner
les images sub-élastiques correspondant à la même contrainte pour former ainsi des images élastiques de l’objet
cible pour les contraintes respectives.

7. Système ultrasonore (100) de la revendication 6, dans lequel l’unité de formation d’image élastique (170) est en
outre agencée pour combiner les images élastiques de l’objet cible pour les contraintes respectives.

8. Procédé de formation d’une image élastique d’un objet cible, comprenant :

a) la réception d’une durée de temps représentant une période d’acquisition qui est nécessaire pour émettre
et recevoir des signaux ultrasonores pour acquérir des données ultrasonores;
b) la division der N lignes de balayage en M groupes de lignes de balayage en utilisant la période d’acquisition,
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où N et M sont des entiers positifs et N est plus grand que M ;
c) l’exécution de transmissions/réceptions multiples de signaux ultrasonores en direction et en provenance d’un
objet cible avec une pression appliquée à cet objet pour les M groupes de lignes de balayage dans une séquence
ordonnée de ces groupes pour former ainsi une pluralité de données ultrasonores correspondant à chacun des
M groupes de lignes de balayage, chacune des transmissions/réceptions multiples étant exécutée dans la
période d’acquisition ; et
d) formation d’au moins une image sub-élastique correspondant à chacun des M groupes de lignes de balayage
sur la base de données ultrasonores et addition des M images sub-élastiques correspondant aux M groupes
de lignes de balayage pour former ainsi une image élastique de l’objet cible.

9. Procédé de la revendication 8, dans lequel le, c) inclut la transmission des signaux ultrasonores à deux reprises
dans la période d’acquisition pour acquérir ainsi des premières données ultrasonores et des deuxièmes données
ultrasonores pour chacun des M groupes de lignes de balayage, et le d) inclut la comparaison des premières données
ultrasonores et des deuxièmes données pour former M images sub-élastiques correspondant aux M groupes de
lignes de balayage sur la base du résultat de la comparaison,

10. Procédé de la revendication 8, dans lequel le c) inclut :

c1) l’appairage des M groupes de lignes de balayage à au moins une paire de groupes de lignes de balayage;
c2) la transmission des signaux ultrasonores à deux reprises dans la période d’acquisition pour qu’ils soient
focalisés le long d’un premier groupe de lignes de balayage dans chaque paire de groupes de lignes de balayage
pour former des premières et deuxièmes données ultrasonores correspondant au premier groupe de lignes de
balayage;
c3) la transmission des signaux ultrasonores une fois pour qu’ils soient focalisés le long d’un deuxième groupe
de lignes de balayage dans chaque paire de groupes de lignes de balayage pour former des premières données
ultrasonores correspondant au deuxième groupe de lignes de balayage ;
c4) la transmission des signaux ultrasonores une fois pour qu’ils soient focalisés le long du premier groupe de
lignes de balayage dans chaque paire de groupes de lignes de balayage pour former des troisièmes données
ultrasonores correspondant au premier groupe de lignes de balayage ;et
c5) la transmission des signaux ultrasonores à deux reprises dans la période d’acquisition pour qu’ils soient
focalisés le long du deuxième groupe de lignes de balayage dans chaque paire de groupes de lignes de balayage
pour former des deuxièmes et troisièmes données ultrasonores correspondant au deuxième groupe de lignes
de balayage,

11. Procédé de la revendication 10, dans lequel le d) inclut la formation d’une première image élastique, d’une deuxième
image élastique et d’une troisième image élastique sur la base des premières, deuxièmes et troisièmes données
ultrasonores.

12. Procédé de la revendication 11, comprenant en outre la combinaison des premières, deuxièmes et troisièmes
images élastiques.

13. Procédé de la revendication 8, dans lequel les N lignes de balayage sont divisées en les M groupes de lignes de
balayage en utilisant le nombre maximum de lignes de balayage pour acquérir les données ultrasonores pendant
la période d’acquisition.

14. Procédé de la revendication 13, dans lequel le nombre maximum Smax des lignes de balayage est calculé selon
l’équation suivante : 

où F représente la période d’acquisition et Tos représente la durée de temps nécessaire pour acquérir des données
ultrasonores pour une ligne de balayage et le Tos peut être obtenu par l’équation suivante: 
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où Dv représente une profondeur de vue d’une image élastique à former, C représente une vitesse du son dans
l’objet cible, Tsd représente une durée de temps nécessaire pour transmettre et recevoir des signaux ultrasonores
dans le système ultrasonore.
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