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Description

CROSS-REFERENCES TO RELATED APPLICA-
TIONS

[0001] The present invention claims priority from U.S.
Provisional Application Serial No. 60/440,262 filed Jan-
uary 15, 2003, entitled Efficient Electronic Hardware for
C-scan Planes with 2D Arrays in Diagnostic Ultrasound
and Related Method Thereof,".

FIELD OF THE INVENTION

[0002] The present invention relates to ultrasonic im-
aging, and in particular to two-dimensional C-scan imag-
ing with improved efficiencies and processing capabili-
ties.

BACKGROUND OF THE INVENTION

[0003] Ultrasonic imaging is widely used in many set-
tings, including medical applications. Of particular impor-
tance is the use of ultrasound data in the study of tissue.
Physicians may use acquired ultrasound data to assist
guiding a catheter through a patient’s body, or to non-
invasively locate vessels prior to IV insertions. The inser-
tion of needles may also be further complicated in some
people whose veins are not readily apparent from the
skin’s surface, for example, in people with thick layers of
fat or infants whose veins are small and difficult to detect.
In other circumstances involving shock, arteries that
need to be accessed to sample blood gasses shrink in
response and thus become even more difficult to detect.
For some situations, it may be necessary to surgically
cut through the body in order to access the desired in-
ternal features, a process that is risky and may cause
unnecessary delays to treatment.
[0004] A typical ultrasonic imaging system includes an
array of transducers, a transmit beamformer, and a re-
ceive beamformer. The transmit beamformer supplies
electrical waveform signals to the transducer arrays,
which in turn produce associated ultrasonic signals.
Structures in front of the transducer arrays scatter ultra-
sonic energy back to the transducers, which then gener-
ates receive electrical signals. The electrical receive sig-
nals are delayed for selected times specific to each trans-
ducer so that ultrasonic energy scattered from selected
regions adds coherently, while ultrasonic energy from
other regions does not. Array processing techniques for
processing received signals in this way are known as
beamforming and are well known to those in the field.
[0005] Current low cost ultrasound imaging devices
are either mechanically scanned devices or one dimen-
sional (1D) phased arrays, which are single rows of par-
allel elements spaced in the azimuthal direction. Each of
these can produce a B-scan-an image ’slice’ that is per-
pendicular to the face of the transducer and the skin’s
surface. Beamforming in one dimension can be realized

through a relatively straightforward implementation using
a linear array of sensors and a beamforming processor
that delays each sensor output by the appropriate
amount, weights each sensor output by multiplying by
the desired weighting factor, and sums the outputs of the
multiplying operation.
[0006] While the B-scan can be swept through a vol-
ume of tissue and the user can, in principle, visualize the
three-dimensional (3D) anatomy, such visualization re-
quires significant training and experience. The C-scan,
on the other hand, displays images parallel to the skin’s
surface, giving the impression of viewing the tissue of
interest with the perspective of a clear ’window’ through
the skin. The two systems are illustrated in FIGS. 1
(A)-(B) and 2, which respectively show conventional 2D
B-Scan and 2D C-Scan operations. Referring to FIGS.
1(A)-(B), having a 1D array 5 in the B-Scan mode, each
fired acoustic line 10 in the B-Scan mode results in a long
sequence or ’line’ of image data or points 11. However,
referring to FIG. 2, in the C-Scan mode, only one image
point 11 in the total sequence of points for each line 10
of firing is essentially obtained.
[0007] The C-Scan requires the use of a 2D array 6
processing a 3D volume of data. A beamforming proc-
essor becomes much more complex when a 2D sensor
array is used. Not only does the number of time delay
operations increase as the square of the size of the array,
but also the physical structures required to connect each
sensor to its corresponding delay becomes increasingly
complex. The complexity is increased by the need for
continuous operation. Conventional ultrasound systems
have beamformers that continuously update beam-
formed received echo data so that images are displayed
in "real time," or as the echo signals arrive. Since the
speed of sound is slow, it becomes necessary for all im-
aging data along a particular beam line to be continuously
formed for that line, and accordingly, it is generally not
acceptable to form images with discrete, fixed receive
beamforming (or focusing) parameters through multiple
signal transmissions.
[0008] The vast majority of ultrasound phased arrays
that have been researched and used in industry have
been 1D transducer arrays. In recent years, there has
been some growth in developments involving 1.5D ar-
rays, which consists of a small number of elements (i.e.,
frequently less than 8) spaced in the elevation direction.
Although work has been performed on 2D arrays,
progress has generally proven to be extremely challeng-
ing. This results from a combination of fabrication diffi-
culties with the transducers, particularly in the electrical
connections, and the cost and bulk of the required beam-
forming hardware. While the hardware challenge dimin-
ishes with improvements in integrated circuits, it is evi-
dent that achieving a fully populated 2D array is very
challenging.
[0009] In summary, there is great interest in producing
high quality C-Scan images. However, multi-dimensional
ultrasonic; systems using the 2D arrays required to pro-
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duce C-scan images are unrealistically high in implemen-
tation complexity, size and cost Moreover, current multi-
dimensional ultrasonic systems typically process full 3D
volumes of image data. Lacking in particular is a system
that efficiently realizes the unique simplifications possible
for 2D C-Scans, for which only one plane of data is re-
quired for display, as opposed to a full 3D data set nor-
mally acquired using 2D transducer arrays. As illustrated,
it is evident from the prior art exemplified in FIG. 2 that
a significant portion of the time during acquisition in the
C-Scan mode is wasted where the received signals make
no contribution to the final image. Thus, the conventional
multi-dimensional imaging system potentially wastes
considerable processing power in producing C-Scan im-
ages, and can realize greater efficiency by appreciating
that the final 2D image is limited in its cross sectional
volume to a single plane of data.
[0010] US Patent 6,276,211 B1 discloses an ultrasonic
imaging system and method with parallel beamforming
in which the efficiency of producing C-mode images is
increased by not tracking the transmit ultrasound beam
downstream from the selected C-slice, thereby reducing
the time to scan the desired volume.
[0011] US Patent Application 2002/0144549 Al de-
scribes methods for parallel beamforming with beam
combination of formed beams from different transmit
beams in an ultrasound imaging system and mentions
the possibility of storing the echo signals responsive to
the transmit beam and forming the receive beams se-
quentially.

SUMMARY OF THE INVENTION

[0012] The present invention provides a beamforming
system and related method for forming 2D Scan images
and/or collecting 3D image data from 2D transducer ar-
rays that result in approximately one order of magnitude
reduction, for example but not limited thereto, in process-
ing complexity as compared to conventional beamform-
ing systems.
[0013] According to the present invention, the beam-
forming system comprises a 2D transducer array of ele-
ments, transmit voltage generation means for each ele-
ment, a memory buffer with or part of channels for each
element, and a receive beamformer. On a time serial or
sequential basis, several times for each line of firing, the
contents of the per element memory buffer are read into
the beamformer with different focusing values for each
buffer reading cycle. In this way, the beamformer can
calculate beamformed image values for multiple points
per line firing cycle-or per each line of signals between
the transducer array and receive beamformer.
[0014] Additionally, in exemplary embodiments, re-
ceive amplification device for each element, as well as
analog to digital converters for each amplifier associated
with each element, are employed. Alternative embodi-
ments use charged-coupled devices (CCD), i.e., analog
signal storage, instead of analog to digital signal buffers.

Moreover, while the present invention allows for a fully
populated 2D array, a subset of available elements of
the transducer array can be used, if necessary.
[0015] Not only does the present invention enable
each beamformed line to yield more focused image
points per line firing cycle than conventional 2D array
systems (which typically only provide one beamformed
point per line firing cycle), but considerable time for
processing is available in the remainder of time between
subsequent firing cycles. One example of additional
processing enabled by the present invention system and
method is the averaging of signals. The ability to average
signals allows for the use of smaller and high-frequency
transmit signals, thus further saving processing power.
The enhanced processing capabilities also enable the
transmit signals to be unfocused, or able to fire several
elements of the array at once, instead of focused individ-
ually for each element as in conventional systems. A re-
lated advantage of the present invention is the ability to
use small sizes (i.e., number of bits) for storage devices,
thus minimizing hardware size and costs.
[0016] In addition, the present invention enables ap-
plication of various techniques that are known and/or as
cited throughout this document. For example, but not lim-
ited thereto, spatial and frequency compounding thereby
allowing reductions (i.e. allowing improvements) in im-
age speckle with minimal cost in frame rate (i.e., compu-
tation) using one technique sometimes known as re-
ceive-only compounding. Focus data from different ac-
tive apertures may be invoked, detected and combined
to use the speckle reduced image. Using the present
invention this technique can be applied with no cost in
image acquisition rate.
[0017] In short, the present invention provides a low
cost, efficacious means for producing 2D C-scans and/or
collecting 3D image data using 2D arrays. The savings
may be realized in the form, but not limited thereto, of
any desired combination of lower cost, reduced size, en-
hanced resolution and improved imaging penetration.
Unlike prior art systems and conventional beamforming
approaches, the present invention can enable commer-
cially feasible 2D array based C-Scan forming ultrasound
imaging systems for non-invasively assisting in routine
clinical operations other applications as desired or re-
quired.
[0018] In one aspect, the present invention provides
an ultrasonic imaging system capable of producing C-
mode images and/or collecting 3D image data of a target
(or region of a target). The system comprising: a two-
dimensional transducer array comprising a plurality of
elements that transmits and receives ultrasound signals;
an array of processing channels, wherein the processing
channels correspond with the plurality of elements, the
processing channels for receiving the receive ultrasound
signals; a storage device for receiving the channel sig-
nals for storage; and a beamforming device that receives
stored data in a time serial manner from the storage de-
vice more than once per transmit firing event and forms
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multiple focused image points arranged on a C-scan
plane.
[0019] In one aspect, the present invention provides
an ultrasonic imaging method capable of producing C-
mode images and/or collecting 3D image data of a target
(or region of a target). The method comprising: transmit-
ting and receiving ultrasound signals; storing the receive
ultrasound data; and receiving the stored data in a beam-
forming device in a time serial manner, wherein the data
is received and beamformed more than once per transmit
firing event and forms multiple focused points arranged
on a C-scan plane.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The foregoing and other objects, features and
advantages of the present invention, as well as the in-
vention itself, will be more fully understood from the fol-
lowing description of preferred embodiments, when read
together with the accompanying drawings in which:

FIG. 1(A) schematically illustrates a conventional B-
Scan operation, wherein FIG. 1(B) is a magnified
partial view of the image points or data of the line
shown in FIG. 1(A).
FIG. 2 schematically illustrates a conventional C-
Scan operation.
FIG. 3 schematically illustrates a beamforming sys-
tem.
FIG. 4 schematically illustrates a block diagram of
the receive side of a conventional ultrasound B-scan
imaging system.
FIG. 5 schematically illustrates a block diagram of
the receive side and image processing side of an
exemplary embodiment of the present invention ul-
trasound B-scan imaging system.
FIG. 6 schematically illustrates a cross-sectional
slice for an embodiment the present invention 2D C-
scan method.
FIG. 7 schematically shows the imaging of different
planes enabled by an embodiment of the present
invention 2D C-scan beamformer method.
FIG. 8 is a timing diagram of the ultrasound signals
of the active channels of an embodiment of the
present invention ultrasound method.

DETAILED DESCRIPTION OF THE INVENTION

[0021] FIG. 3 illustrates a conventional beamforming
system. A transmit generator 30 applies transmit voltage
energy signals to an array of transducers 32 having mul-
tiple elements 31. The elements 31 of the transducer
each receive the transmit electrical signals and generate
respective ultrasonic pressure (acoustic) signals. Con-
ventional beamforming operations are applied for each
firing of signals. The timing of the firings may be config-
ured to produce one tightly focused beam, multiple trans-
mit beams or may essentially unfocused depending on

the beamforming approach being used. For example, a
flat, plane wave is used in transmit in the system and
method provided in International Application No.
PCT/US03/06607, filed March 6, 2003, entitled "An Intu-
itive Ultrasonic Imaging System and Related Method
Thereof".
[0022] Conventional beamforming also involves the
procedure of apodization for selectively recovering sig-
nals at higher frequencies that are typically lost in low-
pass filtering of electronic receivers.
[0023] After the beamformer 34 receives the signals,
it subsequently sends beamformed lines to the display
36. Advanced systems may use excess processing pow-
er to process the element signals twice, or more, in real
time as they arrive, to create more than one focused line
per line of firing. However, forming additional lines re-
quires excess hardware or loss of resolution if the
processing capability is shared between the tasks of
forming different lines. As a practical matter, the system
can only form very few focused lines "per line firing cy-
cle"— specifically, for each line of signal transmission
spanning the array to the receiver.
[0024] Particularly for C-Scan images, each focused
pixel spot on the display requires a separate beamform-
ing delay operation (see FIG. 2), although in practice,
only a subset of pixels actually undergoes beamforming
operations while intervening pixel values are interpolat-
ed. However, a modest, reasonable resolution may re-
quire at least 50 x 50 = 2500 beamforming operations.
This should be contrasted with a regular B-Mode scan,
which only requires 256 or so beamformed lines (see
FIGS. 1(A)-(B)). The C-Scan thus requires considerably
more processing power than the B-Scan to retain suffi-
cient resolution. Additionally, time of flight considerations
in conventional imaging limit the number of lines per
frame to approximately this number (256) if an adequate
frame rate (i.e., 30 or more frames per second in cardi-
ology applications) is to be achieved. As a result of these
limitations on current C-Scan imaging, a system for form-
ing more than one beamformed point per line of firing is
desired.
[0025] FIG. 4 illustrates a block diagram of the receive
side of a conventional B-scan imaging system, while FIG.
5 illustrates the receive side of an exemplary embodiment
of the present invention in communication with the
processing side of the ultrasound system 1 as well. In
conventional B-scan imaging, received signals are con-
tinuously processed, in real time, as they arrive to form
a line of image data points per line firing cycle. In the
exemplary embodiment of the present invention C-scan
imaging system shown in FIG. 5, however, the signals
for each active element are sequentially read out, instead
of being read in ’real’ signal propagation time, upon the
collection of data in the memory buffers 56.
[0026] As schematically shown in FIG. 5, the ultra-
sound system 1 comprises a transmitter or generator 51.
Every active element 41a, 41b, 41c, etc. (or at least a
plurality of elements 41a, 41b, 41c, etc.) of the transducer

5 6 



EP 1 620 015 B1

5

5

10

15

20

25

30

35

40

45

50

55

array 50 in FIG. 5 can be connected to a corresponding
array of individual transmitter or generator channels 42a,
42b, 42c, etc., which produces the relatively high transmit
electronic signal for firing the piezoelectric element. In
other embodiments of the invention, piezoelectric ele-
ments can be replaced with other electrical or pressure
transducers, such as electrostatic devices, microelectro-
mechanical systems (MEMS), and capacitor micro ma-
chined ultrasonic transducers (cMUTs). Moreover, every
element location in the transducer array 50 is ideally ac-
tive. Alternatively, an adequate compromise might be
achieved with a degree of sparsity (i.e., unconnected el-
ements in the transducer array). The nature of the spar-
sity may be either random or organized in some preferred
arrangement (i.e., in a fully populated cross) or some
mixture of random sampling and organized sampling
(e.g. randomly sampled within a defined cross region).
But whereas a sparse design produces adequate results
at significant depths for a 3D based imaging system that
outputs multiple 2D image planes, or 3D volumes, it
should be appreciated that a sparse array will have varied
effects for near field C-Scanning as envisioned here. Re-
gardless, the present invention covers arrays for which
all the elements are active and for which only a subset
of elements is active.
[0027] Returning to FIG. 5, each active channel 42a,
42b, 42c, etc. that is in communication with the trans-
ducer array 50 is also connected to or includes a receive
amplification system 52 for optimal signal conditioning.
The amplification system 52 in an exemplary embodi-
ment includes of a pre-amplifier, which is typically pro-
tected from the transmit voltage through a diode clamp
circuit or equivalent. Additionally, the source impedance
of the transmitter may be isolated from the transducer’s
receive signal by series diodes that only conduct during
the high voltage transmit operation. After the first stage
of amplification (which is typically a voltage follower or
other very low noise amplification stage), the signal is
then amplified by a programmed amount in order to make
optimal use of the available range of subsequent circuitry.
[0028] It should be appreciated that the present inven-
tion imaging method is also applicable for selecting points
that will lie on a plane that is not a c-scan and may be
some alternate angle image plane. For example, it should
be appreciated that the c-scan plane can be curved (rath-
er than planar and parallel to the transducer surface),
sloped, or skewed, or have finite thickness. Further,
present invention imaging method is also applicable for
focusing data through a small 3D volume.
[0029] Turning to FIG. 8, FIG. 8 represents a timing
diagram of the ultrasound signals of the array of active
channels 42a, 42b, 42c, etc. of an embodiment of the
present invention ultrasound method. The system and
method of an exemplary embodiment of the present in-
vention periodically transmits 81 on all elements (1, 2,
3,...N) every 100 microseconds or as desired. Between
these firings there is a big ’main bang’ signal 85 imme-
diately after transmit as the element ’dies down’ followed

by an evolution of echo signals from various depths. How-
ever, only a small time window 83 around the echo of
interest 82 is of interest - that around the depth of interest.
Therefore, although these practically continuous signals
are present for all elements and all receive channels, the
present invention system or method only saves data (for
all channels) for a window 83 of time around that of in-
terest. Once the data is collected, the present invention
system or method uses the dead-time before the next
gathering of good data during the process window 84 to
process image points in a time in serial manner. Alterna-
tively, the first processing step associated with the first
image point can occur during the time window of image
acquisition referenced as 83. In each processing step,
the channel memory for each channel and time period
of interest is operated with time delay specific to focusing
required for the image point of interest. In this case as
shown, four focusing (beamforming) operations are pos-
sible in each 100 microsecond interval. Thus, this exem-
plary embodiment of the present invention only need one
fourth of the number of beamformers otherwise needed
compared to conventional art. In completing of acquisi-
tion of echo data in time window 83 the processor se-
quentially processes image points 1, 2, 3, ... N in sequen-
tial time windows 84a, 84b, 84c, etc. In this case, image
point 84 does not start until completion of the time window
83. However, it is possible for the processing time window
of the first data point 84a to be coincidental with time
acquisition 83. Further, in addition to beamforming
processing (such as compounding), other processing
may occur within the window 84.
[0030] Returning to FIG. 5 for example, in one embod-
iment of the invention, the amplification system 52 also
includes a filter in the analog processing stage to prevent
aliasing effects due to high frequency components and
to maximize the signal to noise ratio (SNR) by reducing
random noise out of the desired band. The filter may be
centered to pass either fundamental or harmonic data.
Moreover, since the signals of interest for C-Scans are
associated with a limited range, it is only strictly neces-
sary to apply a fixed amount of gain, so that at the range
(and associated time) of interest, the amplified signal is
matched to the input of an analog to digital converter
(ADC) 54, which is connected to or part of the channels
42a, 42b, 42c, etc. Additional precautionary steps can
be taken to avoid saturation effects, or finite recovery
saturation effects, if these are present. For example, in
other embodiments of the invention the amplification sys-
tem 54 employs time-varying gain to avoid the risks of
saturation effects. Additionally, the ADC 54 may com-
prise a filter for selectively passing fundamental data. In
an embodiment, a filter in the pre-sum stage allows fil-
tering to be done once and data reused in all subsequent
summing operations. Alternatively, filters can be applied
on the beamformed (summed) data rather than on the
pre-sum data where N filters are required (one for each
element) instead of only one filter for the summed data.
It should be appreciated that in one aspect a beamform-
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ing operation includes, but not limited thereto, a given or
desired superset of delaying and summing channel data.
[0031] The ADC 54 produces a digital representation
of the received analog signal. In digital systems, a signal
from each sensor is first subjected to analog to digital
conversion prior to beamforming provided by the Beam-
former 58, as shown in the FIG. 5. In another exemplary
embodiment, analog, instead of digital, processing may
be employed. Beamforming was originally developed us-
ing analog signal processing. Networks of resistors were
used to weight and sum the delayed signals in the beam-
forming process. However, the number of beams that
can be implemented easily with such techniques is lim-
ited, since each beam requires many discrete delay lines,
or delay lines with many different weighting networks. As
a result, it became common to share a delay line through
switches that sequentially scanned all directions. This
approach, however, is limited to the availability of only
one beam at any given time.
[0032] Advancements in integrated circuit electronics
have provided capabilities for practical digital beamform-
ing systems, which have reduced cost and processing
power considerably. While digital hardware technology
continues to improve rapidly, the full employment of dig-
ital beamforming processes is far from realized. For ex-
ample, the majority of scanners today continue to operate
from 1D arrays in producing 2D B-Scans. The 3D com-
putational problems are compounded by the fact that
since the speed of sound is sufficiently slow, it becomes
essential to operate 16 or more receive beamforming
processes in parallel to obtain the requisite beamformed
line density and image frame rate (i.e., 30 frames/sec-
ond). The present invention thus is not limited to any one
type of data processing and embodies alternative ap-
proaches to the ADC and digital signal buffer compo-
nents, such as CCD parts, which are essentially devices
that store analog signals, and various hybrid systems of
analog and digital processing.
[0033] The digital data in the embodiment of FIG. 5 is
then stored in a memory buffer 56 on a per element basis.
The memory buffer 56 is part of or is in communication
with the plurality of channels 42a, 42b, 42c, etc. The
digital element data is then read from the memory buffer
56 into the beamformer 58 on a time serial or time se-
quential basis, departing from the fully continuous ’real
time’ operation of the prior art systems. Furthermore,
since only a small depth range is actually needed to form
the C-Scan, only a small time portion of the received echo
signal need to be stored in the memory buffer. It should
be appreciated that the memory can store an extended,
full length signal record. It is simply the case here that
most of that data would be of practically no value (unless
utilized otherwise). Accordingly, the memory buffer 56
may be small in size, but still efficiently store multiple
data points per line of firing for beamforming. Therefore,
the present system allows for multiple data points per
line of firing to be received by the beamformer 58 for
multiple focusing operations.

[0034] In an embodiment, the beamformer 58 typically
operates in a conventional manner and selects channels
based on aperture design considerations for each re-
ceived data point. The conventional functioning of the
beamformer includes real-time operation, and thus the
data transfer shifts from time sequential operation (during
the memory buffer step) to continuous operation. Various
beamforming techniques and focusing delays can be ap-
plied as desired to achieve the desired resolution. These
include but are not limited to FIR filter-based sub sample
interpolation, mixing to complex baseband (IQ) followed
by phase rotation, and apodization. The beamformer can
also be used to perform known Doppler operations such
as: Spectral Doppler (PW), Color Velocity, Color Power,
’Doppler Tissue,’ etc. The time taken to perform the fo-
cusing operation for one C-Scan image point is far less
than the inter element firing delay, based on the assump-
tion that the beamformer is capable of running at real
time as conventional beamformers are. There is process-
ing techniques associated with harmonic imaging of ei-
ther tissue or contrast agents that may also be used with
the present invention. These techniques include, but not
limited thereto, coated transmit pulses, pulse inversion
pairs, etc.
[0035] Additionally, digital shift registers are typically
used to implement the beamforming delays, and digital
multiplier components are used to implement weighting
and summing the delayed signal data. The registers and
multipliers are typically controlled by command signals
generated in processors 60 that use various algorithms
to compute the values of the delays and phase weightings
necessary to achieve desired beam positions. Beam con-
trol for conventional digital systems thus still requires fair-
ly complex data and signal processing, which is com-
pounded by needs for more than one beam to be formed
simultaneously. Thus, the efficiencies enabled by the
present invention are important for achieving a sufficient
density of active channels. Processing power is also
greatly reduced in the various ways further discussed in
other embodiments of the invention discussed through-
out.
[0036] Still referring to FIG. 5, there is illustrated an
exemplary embodiment of the imaging processing side
of the system 1 including, for example, but not limited
thereto a system controller 98 wherein the output of the
beamformer 58 is supplied to a scan converter 92 which
converts sector scan or other scan pattern signals to
raster scan display signals. The output is supplied to an
image display unit 94 and/or image storage/memory 96.
The scan converted data can be displayed as an image
of the regions of interest of the patient’s body or other
types of targets as desired or required.
[0037] Next, an exemplary embodiment of the inven-
tion is illustrated in FIG. 6. In the example shown, the
cross sectional ’slice’ 62 required for the 2D C-Scan (the
slice being perpendicular to the image display plane and
transducer array) has a thickness of 1.5 mm is at a depth
of 15 mm (62). The velocity of the signals is 0.75 mm/
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Ps. Assuming that one line of firing signals "die out" at
30 mm, then the time between line firings is 30mm/
0.75mm/Ps, which is 40 Ps. The time duration for the
slice required for the C-Scan image would similarly be
1.5 mm/0.75mm/Ps, which is 2 Ps (neglecting cosine the-
ta effects of non-perpendicularly placed elements, such
as elements other than at the center of the line). For
beamforming operation, only 2 Ps of the 40 Ps would be
used for imaging, leaving available 38 Ps of every 40 Ps
of unused processing time between individual beam-
forming operations associated with a single point. This
excess provides plenty of time to calculate beamformed
image data for other points on the same line of firing. In
particular, pertaining to this embodiment of the present
invention, 38 Ps of every 40 Ps is available (i.e., excess
time) between individual beamforming operations asso-
ciated with a single point calculation for calculating beam-
formed image data for other points. This assumes that
the time taken to form a single image point is limited by
the duration of the digital data record being used. While
this is true in regular 2D B-Scans, it is quite possible that
faster beamforming processing will be achievable using
the retrospective, limited depth data, operations being
discussed herein. Thus the ability to calculate multiple
image point values will be further enhanced by the se-
quential or time serial processing approach presented
here.
[0038] In another exemplary embodiment of the
present invention, the transmit signals are unfocused.
Focused transmit signals will typically give better reso-
lution, since using both transmit and receive focusing re-
sults in improved main lobe and lower sidelobe resolu-
tion. However, this approach necessitates a line of firing
for every selected transmit focus point in the field, or for
every active pixel in the display. As mentioned above,
the number of individually fired lines could be on the order
of 2,500 to 10,000 points. The present invention, howev-
er, enables a reasonable tradeoff to this excessive re-
quirement by the use of an unfocused signal, or a plane
wave, that simultaneously excites several active ele-
ments. A simultaneous excitation allows for a much sim-
pler design. For example, in a conventional 2D transmit
array of 32 by 32 (or 1024) fully active elements, all 1024
elements would need to be individually fired by focused
transmit signals, to produce 1024 beamformed lines. The
present invention would allow, on the other hand, a fully
populated 2D transmit array of 1024 beamformed lines
from many fewer unfocused (plane wave) transmit sig-
nals. It should be appreciated that the number of transmit
signals required is a complex function of the number of
array channels, number of desired image data points,
proportion of ‘dead time’ over which beamforming oper-
ations can be made and speed at which each of these
beamforming operations occur.
[0039] The different processing efficiencies gained by
the present invention thus allows for the realization of a
variety of cost reducing features. For example, the
present invention also allows the receive echo signals to

be recombined multiple times to create multiple focused
image points for each line of firing. The per element signal
delays are unaffected by the effects of differential trans-
mit delays because the per element signal delays com-
prise only a part of the transmit delays that span each
line of firing. This approach thus also allows for element
signal averaging, which consists of summing the multiple
focused image points for a given element and producing
an averaged final image. Averaging can play a significant
role in reducing the speckle and noise in acquired imag-
es.
[0040] Averaging techniques also provide significant
advantages if the use of very low voltage electronics in
transmit (such as about 3V or 5V) is desired. Even if
higher voltages are used, the small elements used in high
frequency arrays produced relatively small and noisy sig-
nals at the best of times and signal averaging improves
overall performance by increasing maximum useful im-
aging penetration. Additionally, by using averaging tech-
niques and circuits, smaller signals can be used which
allow for shorter dead times (while waiting for echoes
from greater depths to ’die out’) between successive line
firings. Alternatively, the improved SNR obtained when
averaging is employed permits the use of higher frequen-
cies (and higher resolution), which otherwise would be
impractical.
[0041] In an exemplary embodiment of the invention
that employs averaging, the memory buffer accumulates
and averages successive data sets acquired from sub-
sequent line firings. Averaging may require storing mul-
tiple records that each correspond to individual firings so
that only the chosen signals (i.e., the 16 most recently
fired signals) are available for averaging. Alternatively,
an infinite impulse response(IIR)-type response may be
employed, combining only the most recently acquired
signal with a scaled version of the recursively accumu-
lated previous signals. For example, 1/8 of the current
signal may be combined with 7/8 of the recursively ac-
cumulated previous signals. Using reciprocal power of
two based coefficients allows for efficient binary opera-
tions based on register shifting and summing.
[0042] It is useful to reiterate the time-saving advan-
tages provided by the present invention, which may in-
clude the above-mentioned averaging techniques. The
advantage of beamforming multiple points for each line
of firing enabled by the present invention assumes that
the time taken to form a single image point is limited by
the duration of the digital data record being used. While
this limitation may be an impediment for regular 2D B-
Scans, it is now provided that faster beamforming
processing is achievable using the retrospective, limited
depth data just discussed.
[0043] It was also already mentioned that the size of
the memory devices may be small. Small device features
can also be realized by the of use of averaging opera-
tions, which can permit a smaller and low powered ADC
to be used than would be required without averaging. For
example, in one embodiment of the invention, a 10 bit
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device for the ADC may be required without averaging,
whereas in other embodiments, 8 bits, or 6 bits may be
required using the averaging technique. The present in-
vention thus enables efficient reductions in cost and hard-
ware dimension.
[0044] In another embodiment of the invention, the
memory buffers that store multiple points per line of firing
for each active element enable the imaging of 2D ‘slices’
at different angles. FIG. 7, which schematically shows
the stored data 72 in memory buffers 70, illustrates this
process. FIG. 7 shows that the memory buffer for element
X has stored image data points x0, x1, x2,..., that the mem-
ory buffer for element Y has stored image data points y0,
y1, y2,..., and that the memory buffer for element Z has
stored image data points z0, z1, z2,.., for a given part of
the array. The use of memory buffers according to the
present invention would enable the display of images on
planes 74 with different angles of incidence, such as im-
age plane A, which consists of image points x0 + y1 + z2.
Similarly, the image plane B, which consists of points x2
+ y1 + z0, may be displayed While imaging slices at dif-
ferent angles is possible for B-Scan technology, very
large processing power is normally dissipated. The se-
quential or time serial reading process and reductions in
hardware and processing enabled by the present inven-
tion allows for this kind of imaging at various angles to
be facilitated efficiently.
[0045] In summary, the present invention provides a
beamforming system and method for forming 2D C-scan
images from 2D transducer arrays that result in approx-
imately one order of magnitude reduction in processing
complexity as compared to conventional systems and
methods. The reduction in complexity translates to po-
tentially lower cost and size, and enhanced resolution,
processing power, imaging capabilities and commercial
viability.

Claims

1. An ultrasonic imaging system capable of producing
C-mode images and/or collecting 3D image data of
a target, said system comprising:

a two-dimensional transducer array (50) com-
prising a plurality of elements (41a, 41b, 41c)
that transmits and receives ultrasound signals,
wherein a firing time interval between transmit
firings of said transmitted ultrasound signals is
determined in part by the time required for a prior
transmitted signal to die out;
a plurality of processing channels (42a, 42b,
42c), wherein said processing channels (42a,
42b, 42c) correspond with said plurality of ele-
ments (4 1 a, 41b, 41c), said processing chan-
nels (42a, 42b, 42c) for performing a data ac-
quisition on said received ultrasound signals
and comprising a converter means for convert-

ing said received ultrasound signals to channel
sampled signals; and
a beamforming device (58);
characterized in that the ultrasonic imaging
system further comprises
a storage device (56) for storing said channel
sampled signals during a limited time window
(83) corresponding to a limited depth range,
wherein said limited time window (83) is deter-
mined by a propagation time to and from a depth
(62) of a desired C-scan image plane; and in
that
said beamforming device (58) processes said
stored data in a time serial manner from said
storage device (56) more than once per transmit
firing and forms multiple focused image points
arranged on a said desired C-scan plane prior
to said storage device (56) receiving said chan-
nel sampled signals from a subsequent transmit
firing of said transmitted ultrasound signals.

2. The system of claim 1, wherein at least some of said
processing channels (42a, 42b, 42c) comprise an
amplifier (52).

3. The system of claim 2, wherein said amplifier (52)
comprises a pre-amplifier

4. The system of claim 1, wherein said converting
means (54) transmits the channel sampled signals
to said storage device (56).

5. The system of claim 4, wherein said converting
means (54) includes a filter that selectively passes
fundamental data.

6. The system of claim 4, wherein said converting
means (54) comprises a filter that selectively passes
harmonic data.

7. The system of claim 1, wherein at least one of said
transmitted ultrasound signals is a focused signal.

8. The system of claim 1, wherein at least one of said
transmitted ultrasound signals is an unfocused plane
wave that transmits signals simultaneously to more
than one of said elements (41a, 41b, 41c).

9. The system of claim 1, wherein said transducer array
(50) is a piezoelectric array.

10. The system of claim 1, wherein said transducer array
(50) includes at least one of electrostatic array,
CMUT device, or MEMS device.

11. The system of claim 1, wherein said beamforming
device (58) is in communication with registers for
shifting and summing at least some data that it re-

13 14 



EP 1 620 015 B1

9

5

10

15

20

25

30

35

40

45

50

55

ceives.

12. The system of claim 1, wherein said storage device
(56) accumulates data from successive lines of sig-
nals.

13. The system of claim 1, wherein the storage device
(56) averages data from successive lines of signals.

14. The system of claim 1, further comprising:

a scan converter (92) for receiving output from
said beamformer (58); and
an image display unit (94) and/or image storage
unit (96).

15. The system of claim 1, wherein said beamforming
device (58) focuses separately each data point of
said stored data that it processes.

16. The system of claim 1, wherein signal die-out is spec-
ified in terms of a predetermined depth (62) in said
target.

17. The system of claim 16, wherein said firing time in-
terval is determined in part by a corresponding prop-
agation time of said transmitted ultrasound signals
propagating to said predetermined depth (62).

18. The system of claim 1, wherein said firing time inter-
val is determined in part by a corresponding propa-
gation time of said transmitted ultrasound signals
propagating to said depth of said desired C-scan
plane.

19. An ultrasonic imaging method capable of producing
C-mode images and/or collecting 3D image data of
a target, said method comprising:

transmitting and receiving ultrasound signals on
a two-dimensional transducer array (50), where-
in a firing time interval between transmit firings
of said transmitted ultrasound signals is deter-
mined in part by the time required for a prior
transmitted signal to die out;
generating channel sampled signals of said re-
ceived ultrasound signals with a plurality of
processing channels (42a, 42b, 42c);
storing said channel sampled signals in a storing
device during a limited time window (83) corre-
sponding to a limited depth range, wherein said
limited time window (83) is determined by a
propagation time to and from a depth (62) of a
desired C-scan image plane; and
processing said stored data in a beamforming
device (58) in a time serial manner wherein said
stored data is received and beamformed more
than once per transmit firing and form multiple

focused points arranged on a said desired C-
scan plane prior to said storage device (56) re-
ceiving said channel sampled signals from a
subsequent transmit firing of said transmitted ul-
trasound signals.

20. The method of claim 19, wherein the step of trans-
mitting ultrasound signals comprises transmitting a
focused signal.

21. The method of claim 19, wherein the step of trans-
mitting ultrasound signals comprises transmitting an
unfocused plane wave.

22. The method of claim 19, wherein the step of storing
said signals further comprises accumulating data for
successive lines of signals.

23. The method of claim 19, wherein the step of storing
said channel sampled signals further comprises av-
eraging data for successive lines of signals.

24. The method of claim 19, wherein the step of process-
ing said stored data further comprises recombining
data more than once for successive lines of signals.

25. The method of claim 19, further comprising
scan converting the output from said beamformer
(58); and
displaying an image of at least a region of the target
and/or storing image data of at least a region of the
target.

26. The method of claim 19, wherein the beamforming
comprises at least one of FIR filter-based interpolat-
ing, mixing to complex basebands, rotating phases,
or apodizing.

27. The method of claim 26, wherein the beamforming
is separately applied for each said stored data.

28. The method of claim 26, wherein the step of process-
ing said stored data comprises receiving data that
corresponds with different desired C-scan planes.

Patentansprüche

1. Ultraschall-Bildgebungssystem, das C-Modus-Bil-
der erzeugen kann und/oder 3D-Bilddaten eines
Ziels erfassen kann, mit:

einem zweidimensionalen Wandler-Array (50)
mit einer Vielzahl von Elementen (41a. 41 b, 41
c), das Ultraschallsignale sendet und empfängt,
wobei ein Auslösezeit-Intervall zwischen Sen-
de-Auslösungen der gesendeten Ultraschallsi-
gnale zum Teil von der Zeit bestimmt wird, die
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ein früher gesendetes Signal zum Abklingen be-
nötigt;
einer Vielzahl von Verarbeitungskanälen (42a,
42b, 42c), die der Vielzahl von Elementen (41a,
41b, 41c) entsprechen, zum Durchführen einer
Datenerfassung in den empfangenen Ultra-
schallsignalen dienen und Umwandlungsmittel
zum Umwandeln der empfangenen Ultraschall-
signale in kanalabgetastete Signale aufweisen;
und
einer Strahlenbündelungsvorrichtung (58),

dadurch gekennzeichnet, dass es weiterhin Fol-
gendes aufweist:

eine Speichervorrichtung (56) zum Speichern
der kanalabgetasteten Signale in einem be-
grenzten Zeitfenster (83), das einem begrenz-
ten Tiefenbereich entspricht, wobei das be-
grenzte Zeitfenster (83) von einer Zeit der Aus-
breitung bis zu und aus einer Tiefe (62) einer
gewünschten C-Scan-Bildebene bestimmt wird,
und
die Strahlenbündelungsvorrichtung (58) die ge-
speicherten Daten aus der Speichervorrichtung
(56) mehr als einmal pro Sende-Auslösung se-
riell verarbeitet und mehrfach fokussierte Bild-
punkte erzeugt, die in der gewünschten C-Scan-
Ebene angeordnet werden, bevor die Speicher-
vorrichtung (56) die kanalabgetasteten Signale
von einer nachfolgenden Sende-Auslösung der
gesendeten Ultraschallsignale empfängt.

2. System nach Anspruch 1, dadurch gekennzeich-
net, dass mindestens einige der Verarbeitungska-
näle (42a, 42b, 42c) einen Verstärker (52) aufwei-
sen.

3. System nach Anspruch 2, dadurch gekennzeich-
net, dass der Verstärker (52) einen Vorverstärker
aufweist.

4. System nach Anspruch 1, dadurch gekennzeich-
net, dass die Umwandlungsmittel (54) die kanalab-
getasteten Signale an die Speichervorrichtung (56)
senden.

5. System nach Anspruch 4, dadurch gekennzeich-
net, dass die Umwandlungsmittel (54) ein Filter ha-
ben, das Grunddaten selektiv durchlässt.

6. System nach Anspruch 4, dadurch gekennzeich-
net, dass die Umwandlungsmittel (54) ein Filter ha-
ben, das Oberwellen-Daten selektiv durchlässt.

7. System nach Anspruch 1, dadurch gekennzeich-
net, dass mindestens eines der gesendeten Ultra-
schallsignale ein fokussiertes Signal ist.

8. System nach Anspruch 1, dadurch gekennzeich-
net, dass mindestens eines der gesendeten Ultra-
schallsignale eine nichtfokussierte ebene Welle ist,
die Signale gleichzeitig an mehr als eines der Ele-
mente (41 a, 41 b, 41 c) sendet.

9. System nach Anspruch 1, dadurch gekennzeich-
net, dass das Wandler-Array (50) ein piezoelektri-
sches Array ist.

10. System nach Anspruch 1, dadurch gekennzeich-
net, dass das Wandler-Array (50) ein elektrostati-
sches Array, eine CMUT-Vorrichtung und/oder eine
MEMS-Vorrichtung umfasst.

11. System nach Anspruch 1, dadurch gekennzeich-
net, dass die Strahlenbündelungsvorrichtung (58)
in Verbindung mit Registern zum Verschieben und
Summieren mindestens einiger Daten steht, die sie
empfängt.

12. System nach Anspruch 1, dadurch gekennzeich-
net, dass die Speichervorrichtung (56) Daten aus
aufeinanderfolgenden Signalleitungen speichert.

13. System nach Anspruch 1, dadurch gekennzeich-
net, dass die Speichervorrichtung (56) den Mittel-
wert von Daten aus aufeinanderfolgenden Signallei-
tungen ermittelt.

14. System nach Anspruch 1, das weiterhin Folgendes
aufweist:

einen Abtastwandler (92) zum Empfangen des
Ausgangssignals von dem Strahlenbündler (58)
und
eine Bildanzeige-Einheit (94) und/oder eine
Bildspeichereinheit (96).

15. System nach Anspruch 1, dadurch gekennzeich-
net, dass die Strahlenbündelungsvorrichtung (58)
jeden Datenpunkt der gespeicherten Daten, die sie
verarbeitet, einzeln fokussiert.

16. System nach Anspruch 1, dadurch gekennzeich-
net, dass das Abklingen des Signals auf der Grund-
lage einer vorgegebenen Tiefe (62) in dem Ziel fest-
gelegt wird.

17. System nach Anspruch 16, dadurch gekennzeich-
net, dass das Auslösezeit-Intervall zum Teil von ei-
ner entsprechenden Ausbreitungszeit der gesende-
ten Ultraschallsignale bestimmt wird, die sich bis zu
der vorgegebenen Tiefe (62) ausbreiten.

18. System nach Anspruch 1, dadurch gekennzeich-
net, dass das Auslösezeit-Intervall zum Teil von ei-
ner entsprechenden Ausbreitungszeit der gesende-
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ten Ultraschallsignale bestimmt wird, die sich bis zu
der Tiefe der gewünschten C-Scan-Ebene ausbrei-
ten.

19. Ultraschall-Bildgebungsverfahren, das C-Modus-
Bilder erzeugen kann und/oder 3D-Bilddaten eines
Ziels erfassen kann, mit den folgenden Schritten:

Senden und Empfangen von Ultraschallsigna-
len an einem zweidimensionalen Wandler-Array
(50), wobei ein Auslösezeit-Intervall zwischen
Sende-Auslösungen der gesendeten Ultra-
schallsignale zum Teil von der Zeit bestimmt
wird, die ein früher gesendetes Signal zum Ab-
klingen benötigt;
Erzeugen von kanalabgetasteten Signalen der
empfangenen Ultraschallsignale mit einer Viel-
zahl von Verarbeitungskanälen (42a, 42b, 42c);
Speichern der kanalabgetasteten Signale in ei-
ner Speichervorrichtung in einem begrenzten
Zeitfenster (83), das einem begrenzten Tiefen-
bereich entspricht, wobei das begrenzte Zeitfen-
ster (83) von einer Zeit der Ausbreitung bis zu
und aus einer Tiefe (62) einer gewünschten C-
Scan-Bildebene bestimmt wird; und
serielles Verarbeiten der gespeicherten Daten
in einer Strahlenbündelungsvorrichtung (58),
wobei die gespeicherten Daten mehr als einmal
pro Sende-Auslösung empfangen werden und
Strahlenbündel daraus erzeugt werden und
mehrfach fokussierte Punkte erzeugt werden,
die in der gewünschten C-Scan-Ebene ange-
ordnet werden, bevor die Speichervorrichtung
(56) die kanalabgetasteten Signale von einer
nachfolgenden Sende-Auslösung der gesende-
ten Ultraschallsignale empfängt.

20. Verfahren nach Anspruch 19, dadurch gekenn-
zeichnet, dass der Schritt des Sendens von Ultra-
schallsignalen das Senden eines fokussierten Si-
gnals aufweist.

21. Verfahren nach Anspruch 19, dadurch gekenn-
zeichnet, dass der Schritt des Sendens von Ultra-
schallsignalen das Senden einer nichtfokussierten
ebenen Welle aufweist.

22. Verfahren nach Anspruch 19, dadurch gekenn-
zeichnet, dass der Schritt des Speicherns der Si-
gnale weiterhin das Speichern von Daten für aufein-
anderfolgende Signalleitungen aufweist.

23. Verfahren nach Anspruch 19, dadurch gekenn-
zeichnet, dass der Schritt des Speicherns der ka-
nalabgetasteten Signale weiterhin das Ermitteln des
Mittelwerts von Daten für aufeinanderfolgende Si-
gnalleitungen aufweist.

24. Verfahren nach Anspruch 19, dadurch gekenn-
zeichnet, dass der Schritt des Verarbeitens der ge-
speicherten Daten weiterhin das mehr als einmalige
Rekombinieren von Daten für aufeinanderfolgende
Signalleitungen aufweist.

25. Verfahren nach Anspruch 19, das weiterhin die fol-
genden Schritte aufweist:

Abtastwandeln des Ausgangssignals von dem
Strahlenbündler (58) und
Anzeigen eines Bilds zumindest eines Bereichs
des Ziels und/oder Speichern von Bilddaten zu-
mindest eines Bereichs des Ziels.

26. Verfahren nach Anspruch 19, dadurch gekenn-
zeichnet, dass das Strahlenbündeln eine FIR-Fil-
ter-gestützte Interpolation, das Mischen zu komple-
xen Basisbändern, eine Phasendrehung und/oder
eine Apodisation umfasst.

27. Verfahren nach Anspruch 26, dadurch gekenn-
zeichnet, dass das Strahlenbündeln für alle gespei-
cherte Einzeldaten getrennt durchgeführt wird.

28. Verfahren nach Anspruch 26, dadurch gekenn-
zeichnet, dass der Schritt des Verarbeitens der ge-
speicherten Daten das Empfangen von Daten um-
fasst, die verschiedenen gewünschten C-Scan-Ebe-
nen entsprechen.

Revendications

1. Système de formation d’images à ultrasons capable
de produire des images en mode C et/ou de collecter
des données d’images tridimensionnelles d’une ci-
ble, ledit système comprenant:

un réseau bidimensionnel (50) d’émetteurs-ré-
cepteurs comprenant une pluralité d’éléments
(41a, 41b, 41c) qui transmettent et reçoivent des
signaux à ultrasons, où un intervalle temporel
de salves entre des salves de transmissions
desdits signaux à ultrasons transmis est déter-
miné en partie par le temps nécessaire pour
qu’un signal déjà transmis disparaisse ;
une pluralité de canaux de traitement (42a, 42b,
42c), où lesdits canaux de traitement (42a, 42b,
42c) correspondent à ladite pluralité d’éléments
(41a, 41b, 41c), lesdits canaux de traitement
(42a, 42b, 42c) étant destinés à effectuer une
acquisition de données sur lesdits signaux à ul-
trasons reçus et comprenant un moyen de con-
version pour convertir lesdits signaux à ultra-
sons reçus en signaux de canaux échantillon-
nés; et
un dispositif (58) de formation de faisceaux;
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caractérisé en ce que le système de formation
d’images à ultrasons comprend en outre
un système de stockage (56) pour stocker les-
dits signaux de canaux échantillonnés durant
une fenêtre de temps limitée (83) correspondant
à une plage de profondeur limitée, où ladite fe-
nêtre de temps limitée (83) est déterminée par
un temps de propagation à et depuis une pro-
fondeur (62) d’un plan d’image de balayage C
souhaité; et en ce que
ledit dispositif (58) de formation de faisceaux
traite lesdites données stockées en série tem-
porelle à partir dudit dispositif de stockage (56)
plus d’une fois par salve de transmissions et for-
me une pluralité de points d’images focalisés
agencés sur ledit plan de balayage C souhaité
avant que ledit dispositif de stockage (56) ne
reçoive lesdits signaux de canaux échantillon-
nés d’une salve de transmissions ultérieure des-
dits signaux à ultrasons transmis.

2. Système de la revendication 1, où au moins certains
desdits canaux de traitement (42a, 42b, 42c) com-
prennent un amplificateur (52).

3. Système de la revendication 2, où ledit amplificateur
(52) comprend un préamplificateur.

4. Système de la revendication 1, où ledit moyen de
conversion (54) transmet les signaux de canaux
échantillonnés audit dispositif de stockage (56).

5. Système de la revendication 4, où ledit moyen de
conversion (54) comprend un filtre qui fait passer
sélectivement des données fondamentales.

6. Système de la revendication 4, où ledit moyen de
conversion (54) comprend un filtre qui fait passer
sélectivement des données harmoniques.

7. Système de la revendication 1, où au moins l’un des-
dits signaux à ultrasons transmis est un signal foca-
lisé.

8. Système de la revendication 1, où au moins l’un des-
dits signaux à ultrasons transmis est une onde plane
non focalisée qui transmet des signaux simultané-
ment à plus d’un desdits éléments (41a, 41b, 41c).

9. Système de la revendication 1, où ledit réseau (50)
d’émetteurs-récepteurs est un réseau piézoélectri-
que.

10. Système de la revendication 1, où ledit réseau (50)
d’émetteurs-récepteurs comporte au moins l’un d’un
réseau électrostatique, d’un dispositif CMUT, ou
d’un dispositif MEMS.

11. Système de la revendication 1, où ledit dispositif (58)
de formation de faisceaux est en communication
avec des registres pour changer et ajouter au moins
certaines données qu’il reçoit.

12. Système de la revendication 1, où ledit dispositif de
stockage (56) accumule des données à partir de li-
gnes de signaux successives.

13. Système de la revendication 1, où le dispositif de
stockage (56) met en moyenne des données à partir
des lignes de signaux successives.

14. Système de la revendication 1, comprenant en outre
un convertisseur par balayage (92) pour recevoir une
sortie à partir dudit formeur de faisceaux (58); et
une unité (94) d’affichage d’images et/ou une unité
(96) de stockage d’images.

15. Système de la revendication 1, où ledit dispositif (58)
de formation de faisceaux focalise séparément cha-
que point de donnée desdites données stockées qu’il
traite.

16. Système de la revendication 1, où ledit signal disparu
est spécifié en termes de profondeur prédéterminée
(62) dans ladite cible.

17. Système de la revendication 16, où ledit intervalle
temporel de salves est déterminé en partie par un
temps de propagation correspondant desdits si-
gnaux à ultrasons transmis se propageant à ladite
profondeur prédéterminée (62).

18. Système de la revendication 1, où ledit intervalle
temporel de déclanchement est déterminé en partie
par un temps de propagation correspondant desdits
signaux à ultrasons transmis se propageant à ladite
profondeur dudit plan de balayage C souhaité.

19. Procédé de formation d’images à ultrasons capable
de produire des images en mode C et/ou de collecter
des données d’images tridimensionnelles d’une ci-
ble, ledit procédé comprenant le fait:

de transmettre et de recevoir des signaux à ul-
trasons sur un réseau (50) d’émetteurs-récep-
teurs bidimensionnel, où un intervalle temporel
de salves entre des salves de transmissions
desdits signaux à ultrasons transmis est déter-
miné en partie par le temps nécessaire pour
qu’un signal déjà transmis disparaisse ;
de générer des signaux de canaux échantillon-
nés desdits signaux à ultrasons reçus avec une
pluralité de canaux de traitement (42a, 42b,
42c) ;
de stocker lesdits signaux de canaux échan-
tillonnés dans un dispositif de stockage durant
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une fenêtre de temps limitée (83) correspondant
à une plage de profondeur limitée, où ladite fe-
nêtre de temps limitée (83) est déterminée par
un temps de propagation à et depuis une pro-
fondeur (62) d’un plan d’image de balayage C
souhaité; et
de traiter lesdites données stockées dans un
dispositif (58) de formation de faisceaux en série
temporelle, où lesdites données stockées sont
reçues et formées en faisceaux plus d’une fois
par déclanchement de transmission et forment
une pluralité de points focalisés agencés sur le-
dit plan de balayage C souhaité avant que ledit
dispositif de stockage (56) ne reçoive lesdits si-
gnaux de canaux échantillonnés d’une salve de
transmissions ultérieure desdits signaux à ultra-
sons transmis.

20. Procédé de la revendication 19, où l’étape de trans-
mission de signaux à ultrasons comprend la trans-
mission d’un signal focalisé.

21. Procédé de la revendication 19, où l’étape de trans-
mission de signaux à ultrasons comprend la trans-
mission d’une onde plane non focalisée.

22. Procédé de la revendication 19, où l’étape de stoc-
kage desdits signaux comprend en outre l’accumu-
lation de données pour des lignes de signaux suc-
cessifs.

23. Procédé de la revendication 19, où l’étape de stoc-
kage desdits signaux de canaux échantillonnés
comprend en outre la mise en moyenne de données
pour des lignes de signaux successives.

24. Procédé de la revendication 19, où l’étape de traite-
ment desdites données stockées comprend en outre
le fait de recombiner plus d’une fois des données
pour des lignes de signaux successives.

25. Procédé de la revendication 19, comprenant en
outre le fait:

de convertir par balayage la sortie depuis ledit
formeur de faisceaux (58) ; et
d’afficher une image d’au moins une région de
la cible et/ou de stocker des données d’images
d’au moins une région de la cible.

26. Procédé de la revendication 19, où la formation de
faisceaux comprend au moins l’un d’une interpola-
tion à base de filtre FIR, d’un mélange à des bandes
de base complexes, d’une rotation de phases, ou
d’une apodisation.

27. Procédé de la revendication 26, où la formation de
faisceaux est séparément appliquée pour chacune

desdites données stockées.

28. Procédé de la revendication 26, où l’étape de traite-
ment desdites données stockées comprend le fait
de recevoir des données qui correspondent à diffé-
rents plans de balayage C souhaités.
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