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APPARATUS, SYSTEM, AND METHOD FOR
ADAPTIVELY CONTROLLING A FRAME
INTERVAL BETWEEN ULTRASOUND
SCANNING FRAMES FOR AN ULTRASOUND
ELASTICITY IMAGING SCAN

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority to U.S.
patent application Ser. No. 11/567,285, filed Dec. 6, 2006,
and entitled “APPARATUS, SYSTEM, AND METHOD
FOR ADAPTIVELY CONTROLLING A FRAME INTER-
VAL BETWEEN ULTRASOUND SCANNING FRAMES
FOR AN ULTRASOUND ELASTICITY IMAGING
SCAN?”, the entirety of which is incorporated by reference.

BACKGROUND

[0002] Embodiments of the present invention are generally
related to imaging systems, and, more particularly, to adap-
tively controlling a frame interval between ultrasound scan-
ning frames for an ultrasound elasticity imaging scan.
[0003] Ultrasound elasticity imaging is useful for distin-
guishing tissues having different elastic properties. To per-
form ultrasound elasticity imaging of tissue in a desired
region of interest (ROI), the tissue is excited, or palpated, by
an external force, such as by manual palpitation, vibrational
devices, and/or ultrasound beams. Alternatively, tissue may
be excited by internal forces, such as forces resulting from a
heart beat or blood vessel pulsation. Tissue deformation
responsive to the excitation may be detected by directing
ultrasound beams at the excited tissue and monitoring ultra-
sonic pulse echoes from the tissue at different times during
excitation to obtain strain information related to elasticity of
the tissue. Because strain is a function of a derivative of
displacement, at least two time separated imaging frames
received from the deformed tissue are required for each esti-
mate of strain. Accordingly, elasticity imaging relies on sens-
ing tissue deformation between two imaging frames to obtain
strain information.

[0004] In conventional ultrasound elasticity imaging, a
time interval between imaging frames to be compared for
obtaining strain information is typically fixed a constant
value. The fixed time interval is typically selected based on a
general knowledge about the strain force being applied, such
as a frequency and/or amplitude of the force. However, there
may be times during elasticity imaging when there is no
displacement, or only rigid displacement between frame
intervals. Consequently, strain information may be difficult,
if not impossible, to obtain. Conversely, when a deformation
during a frame interval is too great, the resulting echoes may
be insufficiently correlated to enable a reliable strain estima-
tion.

BRIEF DESCRIPTION

[0005] Inanexample embodiment, the invention includes a
method for adaptively controlling a frame interval between
ultrasound scanning frames of an ultrasound elasticity imag-
ing scan, each frame including a plurality of ultrasound
beams. The method includes acquiring a plurality of ultra-
sound beam echoes from tissue undergoing strain and pro-
cessing the acquired plurality of ultrasound beam echoes to
determine a strain variation of the tissue undergoing strain.
The method also includes calculating a value for an ultra-
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sound scanning frame interval adapted for imaging the tissue
undergoing the determined strain variation and setting the
value of the ultrasound scanning frame interval for acquiring
ultrasound elasticity images of the tissue undergoing the
determined strain variation.

[0006] In another example embodiment, the invention
includes a method for adaptively controlling a frame interval
between ultrasound scanning frames for an ultrasound elas-
ticity imaging scan. The method includes positioning a source
of ultrasound beams proximate a subject for performing an
ultrasound elasticity imaging scan of tissue of the subject
undergoing strain and acquiring a plurality of ultrasound
beam echoes from the tissue. The method includes processing
the acquired plurality of ultrasound beam echoes to determine
a strain variation of the tissue undergoing strain based on a
distance of the tissue from the source. The method also
includes calculating a value for an ultrasound scanning frame
interval adapted for imaging the tissue undergoing the deter-
mined strain variation and setting the value of the ultrasound
scanning frame interval for acquiring ultrasound elasticity
images of the tissue undergoing the determined strain varia-
tion.

[0007] In another example embodiment, the invention
includes an apparatus for adaptively controlling a frame inter-
val between ultrasound scanning frames of an ultrasound
elasticity imaging scan. The apparatus includes a first module
for acquiring a plurality of ultrasound beam echoes from
tissue undergoing strain and a second module for processing
the acquired plurality of ultrasound beam echoes to determine
a strain variation of the tissue undergoing strain. The inven-
tion also includes a third module for calculating a value for an
ultrasound scanning frame interval adapted for imaging the
tissue undergoing the determined strain variation and a fourth
module for setting the value of the ultrasound scanning frame
interval for acquiring ultrasound elasticity images of the tis-
sue undergoing the determined strain variation.

[0008] In another example embodiment, the invention
includes a system for adaptively controlling a frame interval
between ultrasound scanning frames of an ultrasound elastic-
ity imaging scan. The system includes a transmitter for trans-
mitting ultrasound beams to a subject during an ultrasound
elasticity imaging scan and a receiver for receiving ultra-
sound beam echoes from the subject responsive to transmitted
ultrasound beams. The invention also includes a processor for
processing a plurality of the ultrasound beam echoes to deter-
mine a strain variation of the tissue undergoing strain, calcu-
lating a value for an ultrasound scanning frame interval
adapted for imaging the tissue undergoing the determined
strain variation, and setting the value of the ultrasound scan-
ning frame interval for acquiring ultrasound elasticity images
of the tissue undergoing the determined strain variation.
[0009] In another example embodiment, the invention
includes computer readable media containing program
instructions for adaptively controlling a frame interval
between ultrasound scanning frames of an ultrasound elastic-
ity imaging scan. The computer readable media includes a
computer program code for acquiring a plurality of ultra-
sound beam echoes from tissue undergoing strain and a com-
puter program code for processing the acquired plurality of
ultrasound beam echoes to determine a strain variation of the
tissue undergoing strain. The computer readable media also
includes a computer program code for calculating a value for
an ultrasound scanning frame interval adapted for imaging
the tissue undergoing the determined strain variation and a
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computer program code for setting the value of the ultrasound
scanning frame interval for acquiring ultrasound elasticity
images of the tissue undergoing the determined strain varia-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG.1 shows ablock diagram of an example method
for adaptively controlling a frame interval between ultra-
sound scanning frames for an ultrasound elasticity imaging
scan.

[0011] FIG. 2 is a schematic timing diagram showing an
example frame interval between two ultrasound scan frames.
[0012] FIG. 3 shows an example scanning sequence for an
ultrasound elasticity scan according to an embodiment of the
invention.

[0013] FIG. 4 shows an example scanning sequence for an
ultrasound elasticity scan according to another embodiment
of the invention.

[0014] FIG. 5 shows an example scanning sequence for an
ultrasound elasticity scan according to another embodiment
of the invention.

[0015] FIG. 6 shows an example scanning sequence for an
ultrasound scan according to another embodiment of the
invention.

[0016] FIG. 7 shows an example scanning sequence for an
ultrasound elasticity scan for different tissues depths accord-
ing to an embodiment of the invention.

[0017] FIG. 8 shows a schematic diagram of an example
system for performing a scanning sequence for an ultrasound
elasticity scan according to an embodiment of the invention.
[0018] FIG. 9 shows a schematic diagram of an example
apparatus for performing a scanning sequence for an ultra-
sound elasticity scan according to an embodiment of the
invention.

DETAILED DESCRIPTION

[0019] The inventors have recognized that improved elas-
ticity imaging may be achieved by adaptively adjusting an
ultrasound elasticity imaging frame interval responsive to a
strain variation of tissue being imaged. FIG. 1 shows a block
diagram 10 of an example method for adaptively controlling
a frame interval between ultrasound scanning frames for an
ultrasound elasticity imaging scan. The method may include
positioning a source of ultrasonic beams proximate a subject
for performing an ultrasound elasticity imaging scan of tissue
of the subject undergoing strain 12. The method may then
include acquiring a plurality of ultrasound beam echoes from
tissue undergoing strain 14, for example, for at least two
ultrasound scan frames.

[0020] FIG. 2 is schematic timing diagram 22 showing an
example frame interval 24 between two ultrasound scan
frames 26, 28 having a frame length 38 useful for explaining
certain aspects of the invention. Each ultrasound scan frame
26, 28 may include a number of ultrasound scanning beams
30, 32 fired during the frame 26, 28 according to a desired
scan sequence. In an embodiment, a reduced number of ultra-
sound beams than normally used for ultrasound scanning, i.e.,
detective beams 34, 35, 36, may be used during a strain
variation determination process, for example, independently
of beam scan frames used for normal imaging. The detective
beams 34, 35,36 may be equally spaced in time and may have
a different pulse repetition interval (PRI) than a PRI that is
used for normal scan frames, such as scan frames 26, 28. The
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detective beams 34, 35, 36 may be interleaved inside a frame,
ormay beused in an inter-frame region 25. In an embodiment,
the detective beams 34, 35, 36 may be asynchronous with
respect to normal scan frames.

[0021] Returning to FIG. 1, the ultrasound echo beams
acquired in step 14 may be responsive to detective beams,
such as detective beams 34, 35, 36, directed at the tissue
undergoing strain. The detective beams, such as detective
beams 34, 35, 36, may be fixed at predetermined positions
within a ROI of a subject. In one example embodiment, the
detective beams may be configured to be equally distributed
in a ROI. In another embodiment, a time interval between the
detective beams 34, 35, 36 may be predetermined. By limiting
a number of beams used to acquire the ultrasound beam
echoes in step 14, a processing requirement and a correspond-
ing processing time may be reduced compared to having to
process all beams of a normal scan frame.

[0022] After the beam echoes, for example, from at least the
detective beams, are acquired for at least two frames, the
method may include processing the acquired plurality of
ultrasound beam echoes to determine a strain variation of the
tissue undergoing strain 16. In one example embodiment, an
average strain between frames may be determined for use as
an estimate for strain variation. Average strain may be calcu-
lated as a function of tissue depth using known techniques,
such as direct strain estimation, and then averaging the strain
along the depth. In another example embodiment, displace-
ments at certain depths may be estimated using, for example,
aknown cross correlation method. The corresponding strains
may then be calculated by dividing the displacements by the
corresponding depths and averaging the resulting strains.
[0023] After a strain variation has been determined, the
method may include calculating a value for an ultrasound
scanning frame interval that is adapted for imaging the tissue
undergoing the determined strain variation 18. In an aspect of
the invention, calculating this value may be performed based
on at least one of the determined strain variation, the prede-
termined time interval of detective beams, and a desired
amount of strain, such as an optimal amount of strain. An
optimized ultrasound scanning frame interval value may cor-
respond to acquiring beam echoes at time intervals when
strain has a desired profile, such as desired average strain.
[0024] A strategy for calculating a value of a frame interval
may be different depending on how an external force is
applied during elasticity scanning. For example, when using
free hand palpation, the strain variation may be comparatively
slow, so that a desired value of a frame interval may be derived
directly from an average determined strain variation. Accord-
ingly, a frame interval may be calculated according equation

St 1

[0025] where s represents the average strain, t represents a
predetermined time interval of detective beams, S represents
a strain variation corresponding to a preferred strain profile,
and T represents the desired ultrasound scanning frame inter-
val.

[0026] When avibrational deviceisused to impart an exter-
nal force, the resulting strain variation is typically periodic.
Accordingly, a history of the average strain may be used to
estimate a period and a phase of the variation. A desired
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ultrasound scanning frame interval may be selected to syn-
chronize beam echo acquisition with the periodic strain varia-
tion.

[0027] Once a value for a frame interval has been calcu-
lated, the method may include setting the value of the ultra-
sound scanning frame interval for acquiring ultrasound elas-
ticity images of the tissue undergoing the determined strain
variation 20. In an aspect of the invention, steps 14-20 may be
sequentially repeated while imaging the tissue undergoing
strain so that the frame interval is dynamically adapted, for
example, in real time, or near real time, to ensure that beam
echoes are acquired at a frame interval that is desired for
improved elasticity imaging compared to a fixed frame inter-
val.

[0028] In an aspect of the invention, the determined strain
variation may affect the frame length and/or a scanning
sequence used within the frame to acquire elasticity images.
A nominal frame length may be determined by a number of
beams in a tissue ROI and an allowable minimum time inter-
val between ultrasound beams. The minimum time interval
between ultrasound beams may be limited by a distance
between a source of ultrasound beams from the tissue ROI
and an acoustic attenuation of the tissue. For example, as
shown in FIG. 3, with reference to FIG. 2, when a value of a
frame interval 24 is greater than a frame length 38 of an
ultrasound scanning frame, a blank interval 40 may be
inserted between the ultrasound scan frames 26, 28.

[0029] However, when a value of the ultrasound scanning
frame interval 24 needs to be less than a length 38 of an
ultrasound scanning frame, scanning sequences of the beams
30, 32 may need to be modified to accommodate a frame
interval 24 less than a frame length 38. For example, a number
of beams in a frame may be reduced to fit within a frame
length 38 less than or equal to a frame interval 24. Reducing
a number of beams to fit within a frame interval 24 may
include truncating at least one of the beams in at least one of
two frames and then concatenating the remaining beams of
the two frames so that at least some beams of each of the two
frames are scanned during the frame interval 24. As shown in
FIG. 4, beams 30 from one frame (indicated by continuous
lined arrows) and beams from another frame 32 (indicated by
dashed lined arrows) are concatenated in a single frame 42.

[0030] In another example embodiment, interleaving of
beams may be used to ensure that beams from different
frames fit within a frame length 38 less than or equal to a
frame interval 24, such as by interleaving beams of a first
frame with beams of a second frame so that at least some
beams of each of the first and second frames are scanned
during a frame interval 24. Interleaving may include grouping
beams from each of the frames into respective beam groups
and then interspersing the beam groups of the first frame
between beam groups of the second frame. As shown in FIG.
5, a group of beams 30 from one frame (indicated by continu-
ous lined arrows) and a group of beams 32 from another frame
(indicated by dashed lined arrows) are interleaved so beams
from both frames are scanned during a frame interval 24.

[0031] In another example embodiment, a smooth inter-
leaving scheme may be used to reduce motion artifacts com-
pared to group interleaving. As shown in FIG. 6, beams 30
(indicated by continuous lined arrows) of a first frame may be
interleaved with beams 32 (indicated by dashed lined arrows)
of a second frame so that at least some beams of each of the
first and second frames are scanned during a frame interval
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24. Interleaving in this manner may be accomplished by
interspersing beams 30 from the first frame between beams
32 of the second frame.

[0032] In another aspect of the invention, processing the
acquired plurality of ultrasound beam echoes to determine a
strain variation of the tissue undergoing strain may be based
on a distance of the tissue from an ultrasound source. For
example, as shown in FIG. 8, a distance (d) may include a
depth of the tissue 61 from an ultrasound probe 66 applied to
a surface 45 of a subject 60 undergoing an ultrasound elas-
ticity scan. An amount of deformation required for strain
estimation may be different for tissue that is relatively close to
the probe 66, such as less than about 2 centimeters (cm) (i.e.,
in a near field) compared to tissue that is relatively far from
the probe 66, such as more than about 2 cm (i.e., in a far field)
Ultrasound echoes from far field tissue may be more likely to
be de-correlated, because the propagation path through the
deformed tissue is much longer than for ultrasound echoes
signals from near field tissue. Consequently, the strain may
have a different quality if the same frame interval is used for
signals at the near field and the far field.

[0033] Accordingly, a desired scanning value may be deter-
mined based on a tissue depth. An expected strain and/or
displacement value may be assigned to different depth
regions, such as near field and far field regions. The frame
interval for desired strain/displacement for each region may
be independently estimated based on its assigned strain or
displacement value. In addition, in some elasticity imaging
situations, such as when using manual compression scanning,
optimal strain/displacement for different tissue depths may
occur at different times. Rather than wait until an average
strain and/or displacement occurs, images at each depth may
be updated independently to achieve a faster frame rate per-
ception. Consequently, different pulse repetition intervals
between beams of different frames may be used depending of
tissue depth. For example, beam echoes may be processed at
alonger pulse repetition interval of the beams for tissue being
imaged at a shallower depth than tissue being imaged at a
deeper depth. Conversely, beam echoes may be processed at
a shorter pulse repetition interval for tissue being imaged at a
deeper depth than tissue being imaged at a shallower depth.

[0034] FIG. 7 shows example beam scanning sequences
that may be used to perform a strain variation estimation
based on depth of the tissue. As shown in FIG. 7, strain in the
near field 44 may be obtained by comparing beam echoes
from solid lined beams 30 with beam echoes from dashed
dotted line beams 48 at a pulse repetition interval 50 of
fourteen, for example. Strain in the far field 46 may be
obtained by comparing beam echoes from dash lined beams
32 with beam echoes from dashed dotted line beams 48 at a
pulse repetition interval 52 of seven, for example. Accord-
ingly, far field strain estimation may be obtained more
quickly than near field estimation.

[0035] FIG. 8 shows a system 54 for performing a scanning
sequence for an ultrasound scan, such as one or more of the
example scanning sequences described above. The system 54
may include a transmitter 56 for transmitting ultrasound
beams 58 to tissue 61 of a subject 60 during an ultrasound
scan. The system 54 may also include a receiver 62 for receiv-
ing beam echoes 64 from the subject 60 responsive to the
transmitted ultrasound beams 58. An ultrasound probe 66
may be configured for receiving the ultrasound beams 58
from the transmitter 56 and providing beam echoes 64 from
the subject 60 to the receiver 62.
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[0036] The system 54 may also include a processor 68 for
processing a plurality of the echoes signals 64 to determine a
strain variation of the tissue 61 undergoing strain as a result of
force 63, for example, calculating a value for an ultrasound
scanning frame interval adapted for imaging the tissue 61
undergoing the determined strain variation, and setting the
value of the ultrasound scanning frame interval for acquiring
ultrasound elasticity images of the tissue 61 undergoing the
determined strain variation. The system may also include a
controller 70 in communication with the processor 68 for
controlling an operation of the transmitter according to the
value of the ultrasound scanning frame. The controller 70
may be in communication with the transmitter 56 for control-
ling the transmitter 56 to transmit beams according to a
desired frame interval and/or beam scanning sequence. The
controller 70 may also be in communication with the receiver
62 to process received beam echoes 64 according to the frame
interval and/or scanning sequence.

[0037] FIG. 9 shows an example apparatus 72 for adap-
tively controlling a frame interval between ultrasound scan-
ning frames of an ultrasound elasticity imaging scan is
shown. The apparatus may include a first module 74 for
acquiring a plurality of ultrasound beam echoes from tissue
undergoing strain and a second module 76 processing the
acquired plurality of ultrasound beam echoes to determine a
strain variation of the tissue undergoing strain. The apparatus
may also include a third module 78 for calculating a value for
an ultrasound scanning frame interval adapted for imaging
the tissue undergoing the determined strain variation and a
fourth module 80 for setting the value of the ultrasound scan-
ning frame interval for acquiring ultrasound elasticity images
of the tissue undergoing the determined strain variation. The
value of the frame interval may then be used for performing
an ultrasound scan to achieve improved ultrasound elasticity
imaging results. The apparatus 72 may also include a fifth
module 82 for providing tissue depth information to the sec-
ond module 76 to be used for processing the acquired plural-
ity of ultrasound beam echoes.

[0038] Based on the foregoing specification, the invention
may be implemented using computer programming or engi-
neering techniques including computer software, firmware,
hardware or any combination or subset thereof, wherein the
technical effect is to adaptively control a frame interval
between ultrasound scanning frames of an ultrasound elastic-
ity imaging scan. Any such resulting program, having com-
puter-readable code means, may be embodied or provided
within one or more computer-readable media, thereby mak-
ing a computer program product, i.e., an article of manufac-
ture, according to the invention. The computer readable
media may be, for instance, a fixed (hard) drive, diskette,
optical disk, magnetic tape, semiconductor memory such as
read-only memory (ROM), etc., or any transmitting/receiving
medium such as the Internet or other communication network
or link. The article of manufacture containing the computer
code may be made and/or used by executing the code directly
from one medium, by copying the code from one medium to
another medium, or by transmitting the code over a network.

[0039] One skilled in the art of computer science will easily
be able to combine the software created as described with
appropriate general purpose or special purpose computer
hardware, such as a microprocessor, to create a computer
system or computer sub-system embodying the method of the
invention. An apparatus for making, using or selling the
invention may be one or more processing systems including,
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but not limited to, a central processing unit (CPU), memory,
storage devices, communication links and devices, servers,
1/O devices, or any sub-components of one or more process-
ing systems, including software, firmware, hardware or any
combination or subset thereof, which embody the invention.
[0040] While certain embodiments of the present invention
have been shown and described herein, such embodiments are
provided by way of example only. Numerous variations,
changes and substitutions will occur to those of skill in the art
without departing from the invention herein. Accordingly, it
is intended that the invention be limited only by the spirit and
scope of the appended claims.

What is claimed is:

1. A method for adaptively controlling a frame interval
between ultrasound scanning frames of an ultrasound elastic-
ity imaging scan, each frame including a plurality of ultra-
sound beams, the method comprising:

acquiring a plurality of ultrasound beam echoes from tissue

undergoing strain;

processing the acquired plurality of ultrasound beam ech-

oes to determine a strain variation of the tissue undergo-
ing strain;

calculating a value for an ultrasound scanning frame inter-

val adapted for imaging the tissue undergoing the deter-
mined strain variation; and

setting the value of the ultrasound scanning frame interval

for acquiring ultrasound elasticity images of the tissue
undergoing the determined strain variation.

2. The method of claim 1, further comprising sequentially
repeating the steps of claim 1 while imaging the tissue under-
going strain.

3. The method of claim 1, further comprising directing a
reduced number of ultrasound beams than normally used for
an ultrasound elasticity imaging scan at the tissue undergoing
strain to generate the beam echoes.

4. The method of claim 3, further comprising directing the
reduced number of ultrasound beams at a predetermined time
interval between the reduced number of ultrasound beams.

5. The method of claim 4, wherein calculating the value is
performed based on at least one of the determined strain
variation, the predetermined time interval between the
reduced number of ultrasound beams; and a desired strain
variation.

6. The method of claim 1, further comprising, when the
value of the ultrasound scanning frame interval is less than a
predetermined length of an ultrasound scanning frame of the
ultrasound elasticity imaging scan:

truncating at least one ultrasound beam in at least one of

two frames; and

concatenating the two frames so that at least some ultra-

sound beams of each of the two frames are scanned
during the frame interval.

7. The method of claim 1, further comprising, when the
value of the ultrasound scanning frame interval is less than a
predetermined length of an ultrasound scanning frame of the
ultrasound elasticity imaging scan, interleaving ultrasound
beams of a first frame with ultrasound beams of a second
frame so that at least some ultrasound beams of each of the
first and second frames are scanned during the frame interval.

8. The method of claim 7, wherein interleaving comprises:

grouping ultrasound beams from each of the frames into

respective beam groups; and

interspersing the beam groups of the first frame between

beam groups of the second frame.



US 2012/0150040 Al

9. The method of claim 7, wherein interleaving comprises
interspersing ultrasound beams from the first frame between
ultrasound beams of the second frame.
10. The method of claim 1, further comprising:
positioning a source of ultrasound beams proximate a sub-
ject for performing an ultrasound elasticity imaging scan
of the tissue of the subject undergoing strain; and

processing the acquired plurality of ultrasound beam ech-
oes based on a distance of the tissue from the source of
the ultrasound beams.

11. A method for adaptively controlling a frame interval
between ultrasound scanning frames for an ultrasound elas-
ticity imaging scan comprising:

positioning a source of ultrasound beams proximate a sub-

ject for performing an ultrasound elasticity imaging scan
of tissue of the subject undergoing strain;

acquiring a plurality of ultrasound beam echoes from the

tissue;
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processing the acquired plurality of ultrasound beam ech-
oes to determine a strain variation of the tissue undergo-
ing strain based on a distance of the tissue from the
source;

calculating a value for an ultrasound scanning frame inter-

val adapted for imaging the tissue undergoing the deter-
mined strain variation, and

setting the value of the ultrasound scanning frame interval

for acquiring ultrasound elasticity images of the tissue
undergoing the determined strain variation.

12. The method of claim 11, wherein the beam echoes are
processed at a longer pulse repetition interval for tissue being
imaged at a shallower depth than tissue being imaged at a
deeper depth.

13. The method of claim 11, wherein the beam echoes are
processed at a shorter pulse repetition interval for tissue being
imaged at a deeper depth than tissue being imaged at a shal-
lower depth.
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