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Description

TECHNICAL FIELD

[0001] This invention relates to diagnostic ultrasound
imaging, and, more particularly, to a system and method
for automatically selecting the position of one or more
focal positions of a transmitted ultrasound beam.

BACKGROUND OF THE INVENTION

[0002] Ultrasound can be used to image tissues and
vessels using a variety of imaging modalities. For exam-
ple, B-mode scanning can be used to image tissues by
portraying the tissues in a gray scale in which the bright-
ness of each region of the image is a function of the in-
tensity of ultrasound returns from corresponding regions
of the tissues. B-mode scanning can be used to visualize
the shapes of organs and vessels, and to detect the pres-
ence of masses, such as tumors, in tissues. Doppler
scanning can be used to provide images showing the
velocity of moving sound reflectors, such as blood flowing
through an artery or vein. Using Doppler scanning to im-
age the flow pattern of blood through a vessel allows the
internal shape of the vessel to be inferred. As a result,
partial obstructions in blood vessels can be detected.
[0003] US patent number 6193660 relates to a medical
diagnostic ultrasound system and method for determin-
ing the position of a region of interest in an ultrasound
image. According to US6193660, a first region of interest
associated with a first set of data is identified from a first
frame of data. The first set of data is correlated with a
second frame of data. A second region of interest in the
second frame of data is determined as a function of the
correlation. An image that is a function of the second
frame of data is displayed, and the second region of in-
terest is designated in the image. Thus, the system and
method of US6193660 identify a particular feature related
to an anatomical structure in an image. Then, the position
of the feature in subsequent images is estimated by cor-
relating the data associated with the identified feature in
the first image with data associated with subsequent im-
ages.
[0004] Similarly, US patent number 6217516 relates
to a method and apparatus for enabling the user to modify
and configure the position of ultrasound beam focal
points during a scan action.
[0005] A conventional diagnostic ultrasound imaging
system 10 is shown in Figure 1. The ultrasound imaging
system 10 includes a scanhead 20 having a transducer
face that is placed in contact with a target area containing
tissues, organs or blood vessels of interest. As explained
below, the scanhead 20 includes an array of transducer
elements 24 each of which transforms a transmit signal
into a component of an ultrasound beam and transforms
an ultrasound reflection into a respective receive signal.
These signals are coupled between the scanhead 20 and
an imaging unit 30 through a cable 26. The imaging unit

30 is shown mounted on a cart 34. The imaging system
also includes a control panel 38 for allowing a user to
interface with the system 10. A display monitor 40 having
a viewing screen 44 is placed on an upper surface of the
imaging unit 30.
[0006] In operation, the transducer elements 24 in the
scanhead 20 collectively transmit a beam 50 of ultra-
sound energy as shown in Figure 2. Respective electrical
signals, typically at a frequency of 1-20 MHz, are applied
to all or some of the transducer elements 24. The number
of transducer elements 24 to which electrical signals are
applied determines the size of the transmit aperture. The
size of the aperture affects the size of the imaging field
and resolution, as explained below. In practice, the phas-
es of the electrical signals applied to the transducer ele-
ments 24 are adjusted so that the beam 50 is focused in
a focal position 52. The depth to the focal position 52
beneath the transducer face is controlled by the magni-
tude of the differences in phase of the electrical signals
applied to the transducer elements 24. The focal length,
which corresponds to the effective length of the focal po-
sition 52, is determined by the size and gain of the trans-
mit aperture, i.e., the number of transducer elements 24
used to form the beam 50. The focal position 52 should
ideally be positioned where features of maximum interest
are located so that these features will be in the best at-
tainable focus. The focal position 52 is shown for illus-
trative purposes in Figure 2 as being considerably "sharp-
er" than typical in practice. The ultrasound from the indi-
vidual transducer elements 24 is normally diffracted by
tissues so that the effective length of the focal position
52 is actually more of an area where the beam 50 is
narrowed rather than a location where the beam 50
comes to a point.
[0007] As previously mentioned, the transducer ele-
ments 24 are also used to receive ultrasound reflections
and generate corresponding electrical signals. As shown
in Figure 3, the phase and gain of the received signals
are also adjusted to effectively generate a receive beam
56 that is focused to a focal position 58 corresponding
to the phase differences between the signals coupled
from the transducer elements 24. (In the interest of clarity,
beam components for only two transducer elements 24
are shown, although it will be understood that beam com-
ponents would exist for all active transducer elements).
The receive beam 56 can also be "steered," i.e., offset
from an axis that is perpendicular to the transducer face,
by adjusting the phase differences between the signals
coupled from the transducer elements 24. In practice,
the phase differences between these signals are adjust-
ed as a function of time delay from each ultrasound trans-
mission so that the focal position 58 dynamically varies
with depth from a relatively deep position 60 to a relatively
shallow position 62 from where the ultrasound is reflect-
ed. Thus, in contrast to the constant position of focal po-
sition 52 for the transmit beam 50, the focal position 58
for the receive beam 56 varies dynamically with the depth
from where the ultrasound is reflected. As explained be-
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low, the disclosed invention relates to the locations of the
focal position 52 for the transmit beam 50 rather than the
locations of the focal position 58 for the receive beam 56.
[0008] A typical B-mode ultrasound image 64 is dis-
played on the viewing screen 44 as shown in Figure 4.
The ultrasound image 64 shows a number of anatomical
features, such as tissues 66 and a blood vessel 68. In
the specific case shown in Figure 4, the area of interest
to the medical practitioner is the vessel 68. As a result,
the focal position of the transmit beam should ideally be
located at the depth of the vessel 68. The conventional
ultrasound imaging system 10 (Figure 1) has the ability
to adjust the location of the transmit beam focal position.
As shown in Figure 4, the location of the focal position
along the depth axis of the image 64 is indicated by a
cursor 70 on the right hand side of the viewing screen
44. The location of the focal position is adjusted by suit-
able means, such as by manipulating a control on the
control panel 38 (Figure 1). As a result, a medical prac-
titioner can place the focal position of the transmit beam
at the area of greatest interest in the ultrasound image 64.
[0009] It is possible for objects of interest to be larger
than can be effectively focused by a single focus position,
or that there are multiple objects at different depths of
field, which cannot be adequately focused by a single
focus position. One solution to this problem is provided
by the conventional ultrasound imaging system 10 gen-
erating an image using two or more transmit focal posi-
tions, as shown in Figure 5. The viewing screen 44 shows
a B-mode image 80 showing tissues 82 containing a rel-
atively large blood vessel 84. A single focal region may
be too small to optimally image the vessel 84. For this
reason, a medical practitioner has the option of selecting
a number of transmit focal positions, e.g., two focal po-
sitions as indicated by the cursors 86, 88 on the right
hand side of the viewing screen 44, as shown in Figure
5. The positions of the focal positions are adjusted by
suitable means, such as by manipulating a control of the
control panel 38.
[0010] The two transmit focal positions are used by
first transmitting a beam of ultrasound focused at the first
focal position. Ultrasound reflections are then obtained
as explained above, and a first set of data corresponding
thereto are stored by suitable means. A second beam of
ultrasound focused at the second focal position is then
transmitted, and ultrasound reflections are then also ob-
tained and a second set of data corresponding thereto
are stored. The image 80 is then formed using both sets
of stored data, with the portion of the image in the first
focal position predominantly derived from the first set of
data and the portion of the image in the second focal
position predominantly derived from the second set of
data. A preferred way to employ multiple transmit focal
regions is described in U.S. Patent 6,315,723.
[0011] The operation of the system 10 has been ex-
plained with reference to the B-mode images shown in
Figures 4 and 5. However, it will be understood that the
same principles apply to other types of images, such as

Doppler images.
[0012] Although the system 10 can be operated as ex-
plained with reference to Figures 4 and 5 to optimally
position the transmit focal position(s), it nevertheless has
its limitations and problems. For example, it can be fairly
time consuming to place the transmit focal positions in
the correct position. Additionally, it can require an ex-
traordinary level of expertise to select the proper number
of focal positions and correctly position each of the focal
positions at the optimal location. For these and other rea-
sons, the focal position(s) are often not positioned in the
optimal location, and, in many instances, practitioners do
not even attempt to optimally position focal positions. In
fact, practitioners are sometimes not even aware that the
position of the focal position can be adjusted or that mul-
tiple focal positions can be used. There is therefore a
need for a system and method that can quickly and easily
select the optimal number of focal positions and their
optimum positions without the need for extraordinary op-
erating expertise.

SUMMARY OF THE INVENTION

[0013] An ultrasound diagnostic imaging system and
method uses an image processor that automatically sets
the location of a focal position of the beam of ultrasound
transmitted by an ultrasound scanhead based on an anal-
ysis of an ultrasound image displayed on an ultrasound
display. The image processor may analyze the image to
automatically identify an area of interest, or the area of
interest may be selected manually by a user. The image
processor may automatically identify the area of interest
by analyzing a characteristic of the image, such as the
quality of the image. The image processor may set the
location of the focal position to correspond to the position
of an area of interest, to maximize the quality of the ul-
trasound image in the area of interest, or by some other
means. The image processor may also select the number
of ultrasound transmissions and the locations of respec-
tive focal positions based on an analysis of the ultrasound
image. The image processor may also dynamically vary
the position of a focal position by varying the location of
the focal position along a depth axis as a function of the
locations of areas of interest along an azimuth axis of the
ultrasound display.

EMDOBIDMENTS OF THE INVENTION

[0014] According to the different embodiments of the
invention, the act of automatically analyzing the ultra-
sound image to identify an area of interest in the ultra-
sound image may comprise automatically analyzing the
ultrasound image to identify a predetermined image char-
acteristic, and the act of automatically analyzing the ul-
trasound image to identify a predetermined image char-
acteristic may comprise analyzing image data by auto-
mated border detection.
[0015] The act of analyzing image data by automated
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border detection may comprise analyzing the image data
of temporally different images, and wherein the act of
automatically setting the location of the focal positions of
the beams comprises updating the location of the focal
positions of the beams at least periodically.
[0016] The act of automatically analyzing the ultra-
sound image to identify an area of interest in the ultra-
sound image may comprise analyzing the quality of the
image in a predetermined area of the image.
[0017] The act of automatically setting the locations of
the focal positions of the beams of transmitted ultrasound
may comprise setting the locations of the focal positions
to optimize the quality of the image in the predetermined
area.
[0018] According to the invention, a method of setting
focal positions of beams of transmitted ultrasound in an
ultrasound imaging system having a display on which an
ultrasound image is generated, the ultrasound display
having a depth axis and an azimuth axis, may then com-
prise
viewing the ultrasound image;
selecting an area of interest in the ultrasound image; and
automatically setting the location of the focal positions of
beams of transmitted ultrasound based on a character-
istic of the selected area of interest of the ultrasound im-
age.
[0019] The act of automatically setting the location of
the focal positions of the beams of transmitted ultrasound
based on the location of the selected area of interest may
comprise automatically setting the focal positions to a
plurality of locations along the depth axis of the ultra-
sound display for respective locations along the azimuth
axis of the ultrasound display.
[0020] The act automatically setting the location of the
focal positions of the beams of transmitted ultrasound
based on the location of the selected area of interest may
comprise setting respective locations of at least two focal
positions along the depth axis of the ultrasound display.
[0021] The act of automatically setting the location of
the focal positions of the beams of transmitted ultrasound
based on a characteristic of the selected area of interest
may comprise automatically setting the locations of the
focal positions to maximize the quality of the image in
the selected area.
[0022] The act of selecting an area of interest in the
ultrasound image may comprise placing an identifying
marking on the ultrasound display at a location corre-
sponding to the location of the selected area of interest
which segments the selected area of interest.
[0023] The act of automatically setting the location of
the focal positions of the beams of transmitted ultrasound
based on a characteristic of the selected area of interest
may comprise automatically setting the number of focal
positions and the location of each focal position based
on a characteristic of the selected area of interest.
[0024] In an ultrasound imaging system of the inven-
tion the ultrasound transducers in the scanhead may be
arranged in a linear array.

[0025] In an ultrasound imaging system of the inven-
tion, the control line may be operable to apply signals to
the beamformer to cause the beamformer to transmit at
least two beams of ultrasound having respective focal
positions, the positions of the focal positions being con-
trolled by signals applied to the beamformer by the control
line.
[0026] The ultrasound imaging system of the invention
may further comprise a user interface device structured
to allow a user to enter information identifying the plurality
of areas of interest.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027]

Figure 1 is an isometric view of a conventional diag-
nostic ultrasound imaging system.
Figure 2 is a schematic diagram illustrating the man-
ner in which an ultrasound scanhead used in the
system of Figure 1 transmits a beam of ultrasound
energy responsive to electrical signals.
Figure 3 is a schematic diagram illustrating the man-
ner in which an ultrasound scanhead used in the
system of Figure 1 receives a beam of ultrasound
energy and generates corresponding electrical sig-
nals.
Figure 4 is a schematic illustration of an ultrasound
image shown on the viewing screen of a display in
a conventional ultrasound imaging system.
Figure 5 is a schematic illustration of an ultrasound
image shown on the viewing screen of a display in
a conventional ultrasound imaging system in which
the ultrasound image is generated using two sepa-
rate focal positions.
Figure 6 is an isometric view of one embodiment of
a diagnostic 5 ultrasound imaging system according
to the present invention.
Figure 7 is a schematic illustration of an ultrasound
image shown on the viewing screen of the ultrasound
imaging system of Figure 6 in accordance with one
embodiment of the invention.
Figure 8 is a schematic illustration of an ultrasound
image shown on the viewing screen of the ultrasound
imaging system of Figure 6 in accordance with an-
other embodiment of the invention.
Figure 9 is a schematic illustration of an ultrasound
image shown on the viewing screen of the ultrasound
imaging system of Figure 6 in accordance with a fur-
ther embodiment of the invention.
Figure 10 is a schematic illustration of an ultrasound
image shown on the viewing screen of the ultrasound
imaging system of Figure 6 in accordance with still
another embodiment of the invention.
Figure 11 is a block diagram of one embodiment of
an imaging unit according to the present invention
that may be used in the ultrasound imaging system
of Figure 6.
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DETAILED DESCRIPTION OF THE INVENTION

[0028] One embodiment of an ultrasound imaging sys-
tem 100 according to the present invention is shown in
Figure 6. The system 100 uses many of same compo-
nents used in the imaging system 10 of Figure 1. There-
fore, in the interests of brevity, these components have
been provided with the same reference numerals, and
an explanation of their function and operation will not be
repeated. The system 100 differs from the system 10
shown in Figure 1 primarily by using an imaging unit 106
that is different from the imaging unit 30 used in the sys-
tem 10. The components used in the imaging unit 106
will be explained below with reference to Figure 11.
[0029] The system 100 can generate an ultrasound
image 110 in accordance with one embodiment of the
invention, as shown in Figure 7. The system 100 gener-
ates the image 110 by automatically analyzing the image
110 to locate an area of interest 112 by suitable means.
The system 100 may perform this analysis using pres-
ently existing algorithms for analyzing ultrasound imag-
es, although subsequently developed algorithms for an-
alyzing ultrasound images may also be used. In one em-
bodiment, the algorithm analyzes the image 110 to locate
the brightest area, and this area is selected as the area
of interest. In another embodiment, "tissue specific im-
aging" is used in which the characteristics of expected
areas of interest are defmed by the type of image being
obtained. With "tissue specific imaging," available on the
Philips HDI 5000 ultrasound system, the user selects the
anatomy to be imaged and the ultrasound system auto-
matically initializes itself with preferred parameters for
scanning the anatomy. For example, the user may select
"obstetric imaging" or "cardiac imaging." In obstetric
scanning, the expected areas of interest will be in rela-
tively bright areas of the image. For cardiac imaging, the
area of interest can be defined by image characteristics
of specific areas of the heart, such as the left ventricle or
a mitral valve.
[0030] Based on factors such as the size of the area
of interest, the location of bright objects in the image, the
identity of the anatomy of interest such as a fetus in ob-
stetric imaging or the heart in cardiac imaging, statistical
analysis (homogeneity, distinctiveness of features, etc.)
or other factors such as the current depth of focus of the
transmit beam, the system 100 determines the number
of focal positions that should optimally be used to gen-
erate the image 110. The system 100 then places cursors
114, 116 on the right hand side of the viewing screen 44
to indicate the position of each transmit focal position. In
one embodiment of the invention, the user may manually
adjust these automatically determined positions by suit-
able means, such as by manipulating a control on the
control panel 38.
[0031] In another embodiment of the invention shown
in Figure 8, the system 100 allows a user to designate
an area of interest 120 in an image 122 by suitable
means, such as by using a pointing device like a mouse,

trackball, or light pen, or by touching the displayed area
of interest on a touch-panel display. The system 100 then
determines from this user input the location of the trans-
mit focal position or number and locations of multiple
transmit focal positions that will be used to be used to
generate a subsequent version of the image 122. The
system also preferably delineates the area of interest 120
selected by the user with a segmenting border 126 or
other indicia, and places a cursor 128 on the right hand
side of the viewing screen 44 to show the position of the
focal position along the depth axis.
[0032] A preferred technique for automated border
segmentation is described below. According to this tech-
nique, the image data of a structure such as the heart is
analyzed to identify specific anatomical features, such
as the location of the mitral valve plane and the bound-
aries of the myocardium. If diagnosis of the mitral valve
performance is of interest to the clinician, for instance,
the identification of the mitral valve plane will identify the
depth of the mitral valve in the ultrasound image. Auto-
mated border detection may be used to identify other
structures in the body, such as anatomy of the fetus in
an obstetrical patient. An embodiment of the present in-
vention using automated border detection identifies the
anatomy of interest, then the depth of the identified anat-
omy is used to set the number and/or location of the focal
position(s) in an ultrasound image.
[0033] Since automated border detection can operate
on time sequential images, the technique can be em-
ployed to analyze image data periodically or continuous-
ly, and therefore can track anatomical features over time.
This information can be used to update the focal position
periodically or continuously, thus constantly optimizing
the focus even in the presence of scanhead or anatomical
motion. Preferably some form of hysteresis or integration
is used so that the focal position is not changed and does
not appear to jitter for small motional changes.
[0034] As previously mentioned, the frame rate of the
system 100 decreases with an increase in the number
of focal positions used. In one embodiment, the user may
limit the number of multiple focal position which the sys-
tem may use, the minimum acceptable frame rate, or
select the degree to which the automatic selection of mul-
tiple transmit focal positions is discouraged. In this em-
bodiment, the system 100 may select the use of multiple
focal positions, but it will do so only where the use of
multiple transmit focal positions is very important to the
quality of the image 110. In other embodiments where
frame rate performance limitations do not exist, the sys-
tem 100 may automatically select the use of multiple focal
positions whenever multiple 5 focal positions would no-
ticeably improve the quality of the image.
[0035] In another embodiment of the invention shown
in Figure 9, the system 100 either automatically selects
an area of interest 130 in an image 132 or allows a user
to designate the area of interest 130 by suitable means,
such as by using a pointing device or by delineating the
area with a segmenting border 134. The system 100 then
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automatically analyzes the quality of the image 132 in
the area of interest 130 by a conventional or hereinafter
developed algorithm, such as by analyzing the sharpness
of image detail. After each analysis of the area of interest
130, the system 100 alters the position of the focal posi-
tion and/or the number of focal positions used until the
optimum position of the focal position is determined. The
system 100 also preferably places cursors 136, 138 at
the right hand edge of the viewing screen to indicate the
number of focal positions used to create the image 132
and their respective positions.Also, techniques can be
used to limit the amount of processing needed to deter-
mine the location of focal position(s) by, for example,
limiting the frequency at which the focal position(s) are
calculated or using hysteresis or thresholding so that a
new focal position is calculated only for relatively large
changes in factors used to determine the position of the
focal position(s).
[0036] In still another embodiment of the invention
shown in Figure 10, the system 100 solves the aforemen-
tioned problem of selecting the location of a transmit focal
position where two areas of interest are located at differ-
ent depths. The areas of interest may be located either
automatically or through user input, as explained above.
As shown in Figure 10, an image 140 on the viewing
screen 44 includes tissues 142 containing a first blood
vessel 144 and a second blood vessel 146. The first blood
vessel 144 is positioned at a first location along an azi-
muth axis 150, i.e., at the left hand side of the viewing
screen 44, and at a first location along a depth axis 152,
i.e., near the bottom of the viewing screen 44. The second
blood vessel 146 is positioned at a second location along
the azimuth axis 150, i.e., at the right hand side of the
viewing screen 44, and at a second location along a depth
axis 152, r.e., toward the top of the viewing screen 44.
The different locations of the vessels 144, 146 along the
depth axis 152 precludes any single location of a focal
position from being optimum to image both vessels 144,
146. Two different focal positions may be used, one lo-
cated at the depth of the first blood vessel 144 and the
other located at the depth of the second blood vessel
146. However, this approach would reduce the frame rate
of the imaging system 100.
[0037] According to one embodiment of the invention,
after the areas of interest, e.g., the blood vessels 144,
146, are selected either automatically or manually, as
previously described, the system 100 automatically al-
ters the position of one or more focal positions along the
depth axis 152 as a function of the position of each area
of interest along the azimuth axis 150. When the system
100 is imaging the blood vessel 144 on the left hand side
of the image 140, the system 100 selects a location for
the focal position that corresponds to the position of the
blood vessel 144 along the depth axis of the image 140.
When the system 100 is imaging the blood vessel 146
on the right hand side of the image 140, the system 100
selects a location for the focal position that corresponds
to the position of the blood vessel 146 along the depth

axis of the image 140. As a result, the position of the focal
position is dynamically variable along the depth axis 152,
which can even be accomplished within a common image
frame, a benefit made possible when the areas of interest
occupy different lateral areas of the image.
[0038] The embodiment of the invention explained with
reference to Figure 10 may also be combined with other
embodiments. For example, each of the areas of interest
in the image 140 may be selected by automatically ana-
lyzing the image 140 as explained above with reference
to Figure 7 or by allowing a user to designate the areas
of interest as explained above with reference to Figure
8. The dynamically varying locations of the focal position
may also be set using the techniques explained above,
such as by optimizing the quality of the image 140 in
predetermined areas as explained above with reference
to Figure 9. Other combinations and alternatives will be
apparent to one skilled in the art.
[0039] In operation, the user may manually initiate set-
ting the location of the one or more focal positions by
suitable means, such as by pressing a key on the control
panel 38 (Figure 1). Alternatively, the system 100 may
operate in the background to periodically set the location
of the one or more focal positions. Other means of initi-
ating the setting of the focal positions can also be used.
[0040] One embodiment of the imaging unit 106 used
in the system of Figure 6 is shown in Figure 11. The
imaging unit 106 includes an acquisition subsystem 200
that includes a beamformer 204 coupled to the scanhead
20 through the cable 26. Electric signals from the trans-
ducer elements of scanhead 20 are applied to the beam-
former 204, which processes signals corresponding to
echoes of each acquired scanline into a beam. As ex-
plained above, the beamformer 204 applies electrical sig-
nals to the transducer elements 26 in the scanhead 20
to cause the scanhead to transmit a beam of ultrasound
energy. The beamformer 204 controls the respective de-
lays of the signals applied to the transducer elements of
scanhead 20 to focus the transmit beam to a specific
depth. The location of the focal position is controlled by
control data applied through a control line 210.
[0041] The received signals from the beamformer 204
are applied to a Signal & Image Processing subsystem
220, which includes a conventional signal processor 224
and a conventional scan converter 226. The signal proc-
essor 224 receives the signals from the beamformer 204
to generate image data corresponding to an image, such
as the images shown in Figures 7-10. The signal proc-
essor 224 may also analyze the image data correspond-
ing to a predetermined portion of the image to determine
the optimum location of the focal position or the optimum
number of focal positions and their optimum locations,
as explained above with reference to Figures 7-10. The
signal processor 224 also interfaces with the control pan-
el 38 (not shown) to receive user input, such as a com-
mand to initiate the focal position adjustment process or
information designating an image area that should be
analyzed for quality, as explained above. After the signal
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processor 224 determines the optimum location of the
focal position or the optimum number of focal positions
and their optimum locations, it applies appropriate control
data to the beamformer over control line 210 to control
the location of the focal position(s). The signal processor
224 can also couple other data to the beamformer 204,
such as data controlling the sizes of the transmit and
receive apertures. The image data from the signal proc-
essor are then applied to the scan converter 226, which
arranges the image data into respective ultrasonic image
frame 5 data of the desired image format.
[0042] The image frame data from the Signal & Image
Processing subsystem 220 are then transferred to a dis-
play subsystem 230, which includes a video processor
232 and the display monitor 40. The video processor 232
converts the image frame data from the scan converter
226 into appropriate video signals, such as NTSC or SV-
GA 10 video signals, for use by the display monitor 40.

Claims

1. A method of automatically setting focal positions of
a set of beams (50) of transmitted ultrasound in an
ultrasound imaging system having a display (40) on
which an ultrasound image (140) can be generated,
the ultrasound display (44) having a depth axis (152)
and an azimuth axis (150), the method comprising:

automatically analyzing the ultrasound image to
identify a plurality of areas of interest in the ul-
trasound image; and/or manually selecting
through a user interface device a plurality of ar-
eas of interest in the ultrasound image; and,

wherein the method further comprises:

automatically setting the locations of the focal
positions of the set of beams of transmitted ul-
trasound to correspond to the locations of the
plurality of areas of interest in the ultrasound im-
age; characterized in that
the act of automatically setting the locations of
the focal positions of the set of beams of trans-
mitted ultrasound comprises automatically set-
ting respective locations of at least two focal po-
sitions along the depth axis (152) of the ultra-
sound display;
wherein the act of setting respective locations
of at least two focal positions along the depth
axis of the ultrasound display comprises setting
the respective locations of the focal positions
along the depth axis (152) of the ultrasound dis-
play for respective locations along the azimuth
axis (150) of the ultrasound display;
wherein the respective locations of the at least
two focal positions along the depth axis (152)
are automatically altered as a function of the lo-

cation of each area of interest along the azimuth
axis (150) such that the location of the focal po-
sition is dynamically variable along the depth ax-
is (152) within a frame, so as to optimize the
quality of the ultrasound image corresponding
to the locations of the plurality of areas of inter-
est.

2. The method of claim 1, wherein the act of automat-
ically setting the locations of the focal positions of
the set of beams (50) of transmitted ultrasound to
correspond to the locations of the plurality of areas
of interest in the ultrasound image comprises auto-
matically setting the number of focal positions and
the location of each focal position.

3. The method of claim 1, wherein the act of manually
selecting the plurality of areas of interest comprises
selecting a plurality of areas of interest in the ultra-
sound image along both the depth axis (152) and
the azimuth axis (150), and wherein the act of auto-
matically setting the locations of the focal positions
of the set of beams of transmitted ultrasound is based
on a characteristic of each of the selected areas of
interest in the ultrasound image.

4. An ultrasound imaging system (100) comprising:

a scanhead (20) having an array of ultrasound
transducers (24);
a beamformer (204) coupled to the scanhead
(20), the beamformer being operable to (204)
apply electrical signals to the scanhead (20) to
cause the scanhead to transmit beams of ultra-
sound and receive electrical signals from the
scanhead responsive to ultrasound echoes re-
ceived by the scanhead (20), the beams of ul-
trasound transmitted by the scanhead being fo-
cused in a focal position determined by a control
signal applied to the beamformer (204);
an image processor (220) coupled to receive
signals from the beamformer (204), the image
processor being operable to convert to the sig-
nals to image data corresponding to an ultra-
sound image, the image processor being oper-
able to analyze the image data to identify an
area of interest in an ultrasound image corre-
sponding to the image data, the image proces-
sor further being operable to generate the con-
trol signal to set the location of the focal position
of the beams (50) of transmitted ultrasound to
correspond to the location of the area of interest
in the ultrasound image; and
a display (40) coupled to the image processor,
the display having a depth axis (152) and an
azimuth axis (150) and being operable to gen-
erate an ultrasound image (140) corresponding
to the image data; characterized in that
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the image processor (220) is operable to identify
a plurality of areas of interest in the ultrasound
image based on the analysis;
wherein the image processor (220) is operable
to generate the control signal to set respective
locations of the focal positions of the beams (50)
of transmitted ultrasound to correspond to the
locations of the plurality of areas of interest along
the depth axis (152) as a function of the locations
of the plurality of areas of interest along the az-
imuth axis (150);
wherein the image processor (220) is operable
to apply signals to the beamformer (204) to set
respective locations of at least two focal posi-
tions along the depth axis (152) of the ultrasound
display; and
wherein the image processor (220) is operable
to automatically alter the locations of the at least
two focal positions along the depth axis (152)
as a function of the location of each area of in-
terest along the azimuth axis (150) such that the
location of the focal position is dynamically var-
iable along the depth axis (152) within a frame,
so as to optimize the quality of the image corre-
sponding to the locations of the plurality of areas
of interest.

5. The ultrasound imaging system of claim 4, wherein
the image processor is further operable to apply sig-
nals to the beamformer to cause the beamformer to
transmit at least two beams of ultrasound having re-
spective focal positions, the locations of the respec-
tive focal positions being controlled by signals ap-
plied to the beamformer by the image processor.

6. The ultrasound imaging system of claim 4, wherein
the image processor (220) is further operable to ap-
ply signals to the beamformer (204) to set the re-
spective locations of the focal positions along the
depth axis (152) of the ultrasound display (44).

7. The ultrasound imaging system of claim 4, wherein
the image processor (220) is operable to analyze the
ultrasound image to identify a predetermined image
characteristic.

8. The ultrasound imaging system of claim 7, wherein
the image processor (220) comprises an automated
border detection processor which is operable to au-
tomatically identify the predetermined image feature.

9. The ultrasound imaging system of claim 4, further
comprising:

a user interface device (38) structured to allow
a user to enter information, including information
identifying the plurality of areas of interest in the
ultrasound image along both the depth axis

(152) and the azimuth (150) axis;
a control line (210), responsive to the user inter-
face device (38);
wherein the image processor (220) is coupled
to receive signals from the beamformer (204)
and from the user interface (38), and the control
line (210) is further operable to couple the con-
trol signal to set the locations of the focal posi-
tions of the beams (50) of transmitted ultrasound
based on the entered information identifying the
plurality of areas of interest.

10. The ultrasound imaging system of claim 9 wherein
the control line (210) is operable to apply signals to
the beamformer (204) to set the locations of respec-
tive focal positions of beams of transmitted ultra-
sound.

Patentansprüche

1. Verfahren zum automatischen Einstellen von Fokal-
positionen einer Gruppe von gesendeten Ultra-
schallstrahlenbündeln (50) in einem Ultraschall-Bild-
gebungssystem mit einer Anzeige (40), auf der ein
Ultraschallbild (140) erzeugt werden kann, wobei die
Ultraschallanzeige (44) eine Tiefenachse (152) und
eine Azimuth-Achse (150) hat, wobei das Verfahren
Folgendes umfasst:

automatisches Analysieren des Ultraschallbilds
zum Identifizieren einer Vielzahl von interessie-
renden Bereichen in dem Ultraschallbild; und/
oder manuelles Auswählen einer Vielzahl von
interessierenden Bereichen in dem Ultraschall-
bild über eine Benutzerschnittstellenvorrich-
tung; und

wobei das Verfahren weiterhin Folgendes umfasst:

automatisches Einstellen der Orte der Fokalpo-
sitionen der Gruppe von gesendeten Ultra-
schallstrahlenbündeln derart, dass sie den Or-
ten der Vielzahl von interessierenden Bereichen
in dem Ultraschallbild entsprechen; dadurch
gekennzeichnet, dass
der Schritt des automatischen Einstellens der
Orte der Fokalpositionen der Gruppe von ge-
sendeten Ultraschallstrahlenbündeln das auto-
matische Einstellen jeweiliger Orte von minde-
stens zwei Fokalpositionen entlang der Tiefen-
achse (152) der Ultraschallanzeige umfasst;
wobei der Schritt des Einstellens jeweiliger Orte
von mindestens zwei Fokalpositionen entlang
der Tiefenachse der Ultraschallanzeige das Ein-
stellen der jeweiligen Orte der Fokalpositionen
entlang der Tiefenachse (152) der Ultraschall-
anzeige für jeweilige Orte entlang der Azimuth-
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Achse (150) der Ultraschallanzeige umfasst;
wobei die jeweiligen Orte der mindestens zwei
Fokalpositionen entlang der Tiefenachse (152)
automatisch als eine Funktion des Ortes von je-
dem interessierenden Bereich entlang der Azi-
muth-Achse (150) geändert werden, so dass der
Ort der Fokalposition entlang der Tiefenachse
(152) innerhalb eines Rahmens dynamisch va-
riabel ist, um die Qualität des Ultraschallbildes,
welches den Orten der Vielzahl von interessie-
renden Bereichen entspricht, zu optimieren.

2. Verfahren nach Anspruch 1, wobei der Schritt des
automatischen Einstellens der Orte der Fokalposi-
tionen der Gruppe von gesendeten Ultraschallstrah-
lenbündeln (50) derart, dass sie den Orten der Viel-
zahl von interessierenden Bereichen in dem Ultra-
schallbild entsprechen, das automatische Einstellen
der Anzahl von Fokalpositionen und des Ortes jeder
Fokalposition umfasst.

3. Verfahren nach Anspruch 1, wobei der Schritt des
manuellen Auswählens der Vielzahl von interessie-
renden Bereichen das Auswählen einer Vielzahl von
interessierenden Bereichen in dem Ultraschallbild
sowohl entlang der Tiefenachse (152) als auch ent-
lang der Azimuth-Achse (150) umfasst, und wobei
der Schritt des automatischen Einstellens der Orte
der Fokalpositionen der Gruppe von gesendeten Ul-
traschallstrahlenbündeln auf einer Eigenschaft von
jedem der ausgewählten interessierenden Bereiche
in dem Ultraschallbild beruht.

4. Ultraschall-Bildgebungssystem (100), das Folgen-
des umfasst:

einen Schallkopf (20) mit einem Array von Ul-
traschallwandlern (24);
einen mit dem Schallkopf (20) gekoppelten
Strahlformer (204), der betriebsfähig ist, um
dem Schallkopf (20) elektrische Signale zuzu-
führen, um den Schallkopf zu veranlassen, Ul-
traschallstrahlenbündel zu senden, und um
elektrische Signale von dem Schallkopf zu emp-
fangen, welche auf die von dem Schallkopf (20)
empfangenen Ultraschallechos reagieren, wo-
bei die durch den Schallkopf gesendeten Ultra-
schallstrahlenbündel in einer Fokalposition fo-
kussiert werden, die durch ein dem Strahlformer
(204) zugeführtes Steuersignal bestimmt wird;
einen Bildprozessor (220), der gekoppelt ist, um
Signale vom Strahlformer (204) zu empfangen,
wobei der Bildprozessor betriebsfähig ist, um
die Signale in Bilddaten umzuwandeln, welche
einem Ultraschallbild entsprechen, wobei der
Bildprozessor betriebsfähig ist, um die Bilddaten
zu analysieren, um einen interessierenden Be-
reich in dem Ultraschallbild zu identifizieren,

welcher den Bilddaten entspricht, wobei der
Bildprozessor weiterhin betriebsfähig ist, um
das Steuersignal zu erzeugen, um den Ort der
Fokalposition der gesendeten Ultraschallstrah-
lenbündel (50) derart einzustellen, dass er dem
Ort des interessierenden Bereichs in dem Ultra-
schallbild entspricht; und
eine mit dem Bildprozessor gekoppelte Anzeige
(40), wobei die Anzeige eine Tiefenachse (152)
und eine Azimuth-Achse (150) hat und betriebs-
fähig ist, um ein Ultraschallbild (140) zu erzeu-
gen, welches den Bilddaten entspricht; da-
durch gekennzeichnet, dass
der Bildprozessor (220) betriebsfähig ist, um ei-
ne Vielzahl von interessierenden Bereichen in
dem Ultraschallbild basierend auf der Analyse
zu identifizieren;
wobei der Bildprozessor (220) betriebsfähig ist,
um das Steuersignal zu erzeugen, um die jewei-
ligen Orte der Fokalpositionen der gesendeten
Ultraschallstrahlenbündel (50) derart einzustel-
len, dass sie den Orten der Vielzahl von inter-
essierenden Bereichen entlang der Tiefenach-
se (152) als eine Funktion der Orte der Vielzahl
von interessierenden Bereichen entlang der Azi-
muth-Achse (150) entsprechen;
wobei der Bildprozessor (220) betriebsfähig ist,
um dem Strahlformer (204) Signale zuzuführen,
um die jeweiligen Orte von mindestens zwei Fo-
kalpositionen entlang der Tiefenachse (152) der
Ultraschallanzeige einzustellen; und
wobei der Bildprozessor (220) betriebsfähig ist,
um die Orte der mindestens zwei Fokalpositio-
nen entlang der Tiefenachse (152) als eine
Funktion des Ortes jedes interessierenden Be-
reichs entlang der Azimuth-Achse (150) auto-
matisch derart zu verändern, dass der Ort der
Fokalposition entlang der Tiefenachse (152) in-
nerhalb eines Rahmens dynamisch variabel ist,
so dass die Qualität des Bildes, welches den
Orten der interessierenden Bereiche entspricht,
optimiert wird.

5. Ultraschall-Bildgebungssystem nach Anspruch 4,
wobei der Bildprozessor weiterhin betriebsfähig ist,
um dem Strahlformer Signale zuzuführen, um den
Strahlformer zu veranlassen, mindestens zwei Ultr-
schallstrahlenbündel mit jeweiligen Fokalpositionen
zu senden, wobei die Orte der jeweiligen Fokalposi-
tionen durch Signale gesteuert werden, die dem
Strahlformer durch den Bildprozessor zugeführt wer-
den.

6. Ultraschall-Bildgebungssystem nach Anspruch 4,
wobei der Bildprozessor (220) weiterhin betriebsfä-
hig ist, um dem Strahlformer (204) Signale zuzufüh-
ren, um die jeweiligen Orte der Fokalpositionen ent-
lang der Tiefenachse (152) der Ultraschallanzeige

15 16 



EP 1 458 294 B1

10

5

10

15

20

25

30

35

40

45

50

55

(44) einzustellen.

7. Ultraschall-Bildgebungssystem nach Anspruch 4,
wobei der Bildprozessor (220) betriebsfähig ist, um
das Ultraschallbild zu analysieren, um eine vorbe-
stimmte Bildeigenschaft zu identifizieren.

8. Ultraschall-Bildgebungssystem nach Anspruch 7,
wobei der Bildprozessor (220) einen automatisierten
Grenzendetektionsprozessor umfasst, der betriebs-
fähig ist, um das vorbestimmte Bildmerkmal auto-
matisch zu identifizieren

9. Ultraschall-Bildgebungssystem nach Anspruch 4,
das weiterhin Folgendes umfasst:

eine Benutzerschnittstellenvorrichtung (38), die
strukturiert ist, um einem Benutzer zu ermögli-
chen, Informationen einzugeben, einschließlich
Informationen, die die Vielzahl von interessie-
renden Bereichen in dem Ultraschallbild sowohl
entlang der Tiefenachse (152) als auch entlang
der Azimuth-Achse (150) identifizieren;
eine Steuerleitung (210), welche auf die Benut-
zerschnittstellenvorrichtung (38) reagiert;
wobei der Bildprozessor (220) gekoppelt ist, um
Signale von dem Strahlformer (204) und von der
Benutzerschnittstelle (38) zu empfangen, und
wobei die Steuerleitung (210) weiterhin be-
triebsfähig ist, um das Steuersignal zu koppeln,
um die Orte der Fokalpositionen der gesendeten
Ultraschallstrahlenbündel (50) basierend auf
den eingegebenen Informationen einzustellen,
welche die Vielzahl von interessierenden Berei-
chen identifizieren.

10. Ultraschall-Bildgebungssystem nach Anspruch 9,
wobei die Steuerleitung (210) betriebsfähig ist, um
dem Strahlformer (204) Signale zuzuführen, um die
Orte der jeweiligen Fokalpositionen der gesendeten
Ultraschallstrahlenbündel einzustellen.

Revendications

1. Procédé de définition automatique de positions fo-
cales d’un ensemble de faisceaux (50) d’ultrasons
transmis dans un système d’imagerie par ultrasons
comportant un affichage (40) sur lequel une image
par ultrasons (140) peut être générée, l’affichage des
ultrasons (44) ayant un axe de profondeur (152) et
un axe d’azimut (150), le procédé comprenant :

une analyse automatique de l’image par ultra-
sons pour identifier une pluralité de zones d’in-
térêt dans l’image par ultrasons ; et/ou une sé-
lection manuelle via un dispositif d’interface uti-
lisateur une pluralité de zones d’intérêt dans

l’image par ultrasons ; et, où le procédé com-
prend en outre :
une définition automatique des emplacements
des positions focales de l’ensemble de fais-
ceaux des ultrasons transmis de façon à les faire
correspondre aux emplacements de la pluralité
de zones d’intérêt dans l’image par ultrasons ;
caractérisé en ce que
le fait de définir automatiquement les emplace-
ments des positions focales de l’ensemble de
faisceaux d’ultrasons transmis comprend une
définition automatique des emplacements res-
pectifs d’au moins deux positions focales le long
de l’axe de profondeur (152) de l’affichage des
ultrasons ;
dans lequel le fait de définir les emplacements
respectifs d’au moins deux positions focales le
long de l’axe de profondeur de l’affichage des
ultrasons comprend la définition des emplace-
ments respectifs des positions focales le long
de l’axe de profondeur (152) de l’affichage des
ultrasons pour les emplacements respectifs le
long de l’axe d’azimut (150) de l’affichage des
ultrasons ;
dans lequel les emplacements respectifs des au
moins deux positions focales le long de l’axe de
profondeur (152) sont automatiquement modi-
fiées en fonction de l’emplacement de chaque
zone d’intérêt le long de l’axe d’azimut (150) de
telle sorte que l’emplacement de la position fo-
cale est dynamiquement variable le long de l’axe
de profondeur (152) au sein d’un cadre, de façon
à optimiser la qualité de l’image par ultrasons
correspondant aux emplacements de la pluralité
de zones d’intérêt.

2. Procédé selon la revendication 1, dans lequel le fait
de définir automatiquement les emplacements des
positions focales de l’ensemble de faisceaux (50)
d’ultrasons transmis pour les faire correspondre aux
emplacements de la pluralité de zones d’intérêt dans
l’image par ultrasons comprend une définition auto-
matique du nombre de positions focales et de l’em-
placement de chaque position focale.

3. Procédé selon la revendication 1, dans lequel le fait
de sélectionner manuellement la pluralité de zones
d’intérêt comprend la sélection d’une pluralité de zo-
nes d’intérêt dans l’image par ultrasons à la fois le
long de l’axe de profondeur (152) et de l’axe d’azimut
(150) et dans lequel le fait de définir automatique-
ment les emplacements des positions focales de
l’ensemble de faisceaux d’ultrasons transmis est ba-
sé sur une caractéristique de chacune des zones
d’intérêt sélectionnées dans l’image par ultrasons.

4. Système d’imagerie par ultrasons (100)
comprenant :
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une tête de balayage (20) comportant un arran-
gement de transducteurs à ultrasons (24) ;
un formeur de faisceaux (204) couplé à la tête
de balayage (20), le formeur de faisceaux (204)
étant exploitable pour appliquer des signaux
électriques à la tête de balayage (20) pour faire
en sorte que la tête de balayage transmette des
faisceaux d’ultrasons et reçoive des signaux
électriques de la tête de balayage en réaction
aux échos d’ultrasons reçus par la tête de ba-
layage (20), les faisceaux d’ultrasons transmis
par la tête de balayage étant focalisés dans une
position focale déterminée par un signal de com-
mande appliqué au formeur de faisceaux (204) ;
un processeur d’image (220) couplé pour rece-
voir des signaux du formeur de faisceaux (204),
le processeur d’image étant exploitable pour
convertir les signaux en données image corres-
pondant à l’image par ultrasons, le processeur
d’image étant exploitable pour analyser les don-
nées image pour identifier une zone d’intérêt
dans une image par ultrasons correspondant
aux données image, le processeur d’image
étant en outre exploitable pour générer le signal
de commande pour définir l’emplacement de la
position focale des faisceaux (50) d’ultrasons
transmis pour les faire correspondre à l’empla-
cement de la zone d’intérêt dans l’image par
ultrasons ; et
un affichage (40) couplé au processeur d’image,
l’affichage ayant un axe de profondeur (152) et
un axe d’azimut (150) et étant exploitable pour
générer une image par ultrasons (140) corres-
pondant aux données image ; caractérisé en
ce que
le processeur d’image (220) est exploitable pour
identifier une pluralité de zones d’intérêt dans
l’image par ultrasons sur base de analyse ;
dans lequel le processeur d’image (220) est ex-
ploitable pour générer le signal de commande
pour définir les emplacements respectifs des
positions focales des faisceaux (50) d’ultrasons
transmis pour les faire correspondre aux empla-
cements de la pluralité de zones d’intérêt le long
de l’axe de profondeur (152) en fonction des em-
placements de la pluralité de zones d’intérêt le
long de l’axe d’azimut (150) ;
dans lequel le processeur d’image (220) est ex-
ploitable pour appliquer des signaux au formeur
de faisceaux (204) pour définir les emplace-
ments respectifs d’au moins deux positions fo-
cales le long de l’axe de profondeur (152) de
l’affichage des ultrasons ; et
dans lequel le processeur d’image (220) est ex-
ploitable pour modifier automatiquement les
emplacements respectifs des au moins deux po-
sitions focales le long de l’axe de profondeur
(152) en fonction de l’emplacement de chaque

zone d’intérêt le long de l’axe d’azimut (150) de
telle sorte que l’emplacement de la position fo-
cale est dynamiquement variable le long de l’axe
de profondeur (152) au sein d’un cadre, de façon
à optimiser la qualité de l’image correspondant
aux emplacements de la pluralité de zones d’in-
térêt.

5. Système d’imagerie par ultrasons selon la revendi-
cation 4, dans lequel le processeur d’image est en
outre exploitable pour appliquer des signaux au for-
meur de faisceaux pour faire en sorte que le formeur
de faisceaux transmette au moins deux faisceaux
d’ultrasons ayant des positions focales respectives,
les emplacements des positions focales respectives
étant contrôlées par les signaux appliqués au for-
meur de faisceaux par le processeur d’image.

6. Système d’imagerie par ultrasons selon la revendi-
cation 4, dans lequel le processeur d’image (220)
est en outre exploitable pour appliquer des signaux
au formeur de faisceaux (204) pour définir les em-
placements respectifs des positions focales le long
de l’axe de profondeur (152) de l’affichage des ul-
trasons (44).

7. Système d’imagerie par ultrasons selon la revendi-
cation 4, dans lequel le processeur d’image (220)
est exploitable pour analyser l’image par ultrasons
de façon à identifier une caractéristique d’image pré-
déterminée.

8. Système d’imagerie par ultrasons selon la revendi-
cation 7, dans lequel le processeur d’image (220)
comprend un processeur de détection automatisée
de bordure qui est exploitable pour identifier auto-
matiquement la caractéristique d’image prédétermi-
née.

9. Système d’imagerie par ultrasons selon la revendi-
cation 4, comprenant en outre :

un dispositif d’interface utilisateur (38) structuré
pour permettre à un utilisateur de saisir des in-
formations, y compris des informations identi-
fiant la pluralité de zones d’intérêt dans l’image
par ultrasons à la fois le long de l’axe de profon-
deur (152) et de l’axe d’azimut (150) ;
une ligne de contrôle (210), en réaction au dis-
positif d’interface utilisateur (38) ;
dans lequel le processeur d’image (220) est cou-
plé pour recevoir des signaux du formeur de fais-
ceaux (204) et de l’interface utilisateur (38), et
la ligne de contrôle (210) est en outre exploitable
pour coupler le signal de commande pour définir
les emplacements des positions focales des
faisceaux (50) d’ultrasons transmis sur base des
informations saisies identifiant la pluralité de zo-

19 20 



EP 1 458 294 B1

12

5

10

15

20

25

30

35

40

45

50

55

nes d’intérêt.

10. Système d’imagerie par ultrasons selon la revendi-
cation 9, dans lequel la ligne de contrôle (210) est
exploitable pour appliquer des signaux au formeur
de faisceaux (204) de façon à définir les emplace-
ments des positions focales respectives des fais-
ceaux d’ultrasons transmis.
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