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ULTRASONIC IMAGING SYSTEM HAVING
COMPUTER COUPLED TO RECEIVE AND
PROCESS RAW DATA

REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit under 35 U.S.C.
§119 of U.S. application Ser. No. 60/744,193 filed 3 Apr.
2006 which is hereby incorporated herein by reference.

TECHNICAL FIELD

[0002] This invention relates to ultrasonic imaging meth-
ods and apparatus. The invention may be applied to medical
ultrasonic imaging.

BACKGROUND

[0003] Ultrasound imaging devices as used, for example
in medical ultrasound imaging comprise a transducer, an
electronic controller, and a user interface. The transducer
typically comprises an array of piezoelectric transducer
elements. Different transducers have different arrangements
of elements. The electronic controller drives the transducer
and collects and processes data from the transducer to
generate, store, display and manipulate images. The user
interface may include various input/output devices which
allow a user to control the operation of the ultrasound
system.

[0004] Ultrasound examinations are non-destructive and
versatile and can provide high quality images.

[0005] The nature and quality of ultrasound images
depends upon both the signals that drive individual trans-
ducer elements and the way in which reflected signals
detected by the transducer elements are processed. A typical
ultrasound machine may be configured to permit a user to
select one of a few predefined imaging modes.

[0006] There remains a need for tools that are useful in the
development of new ultrasound imaging modalities. There is
also a need for sophisticated and yet cost-effective ultra-
sound machines.

SUMMARY

[0007] The following embodiments and aspects thereof
are described and illustrated in conjunction with systems,
tools and methods which are meant to be exemplary and
illustrative, not limiting in scope.

[0008] One aspect of this invention provides ultrasound
machines that are configured in a manner that facilitates the
development of new ultrasound imaging modalities. Another
aspect of the invention provides ultrasound machines that
take advantage of powerful processing capabilities of a
general purpose computer to enable sophisticated modes of
operation. Another aspect of the invention provides ultra-
sound machines that utilize a floating point processor of a
general purpose computer to perform signal processing
functions which may include digital filtering and/or com-
puting Doppler signals.

[0009] Further aspects of the invention and features of
specific embodiments of the invention are described below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Exemplary embodiments are illustrated in refer-
enced figures of the drawings. It is intended that the embodi-

Oct. 4, 2007

ments and figures disclosed herein are to be considered
illustrative rather than restrictive. In the attached drawings:

[0011] FIG. 1is a block diagram illustrating an ultrasound
machine according to one embodiment of the invention;

[0012] FIG. 2 is a flow chart illustrating a method accord-
ing to the invention; and,

[0013] FIG. 3 is a schematic diagram illustrating a data
stream passing through several data processing modules.

DESCRIPTION

[0014] Throughout the following description specific
details are set forth in order to provide a more thorough
understanding to persons skilled in the art. However, well
known elements may not have been shown or described in
detail to avoid unnecessarily obscuring the disclosure.
Accordingly, the description and drawings are to be regarded
in an illustrative, rather than a restrictive, sense.

[0015] FIG. 11is a block diagram of an ultrasound machine
10 according to one embodiment of the invention. Ultra-
sound machine 10 comprises a transducer 12 comprising a
plurality of elements 14. While only a few elements 14 are
shown in FIG. 1, a typical ultrasound transducer 12 may
comprise several hundred elements. Fach element 14 is
coupled to a transmit circuit 16. Transmit circuit 16 gener-
ates electrical driving signals that are applied to transducers
14 to produce ultrasound signals.

[0016] The ultrasound signals propagate from the trans-
ducer and interact with the material of a body being exam-
ined. As a result, ultrasound is reflected back toward trans-
ducer 12. The reflected ultrasound is received at elements 14
and converted into electrical signals. The electrical signals
are delivered to receive circuits 20.

[0017] Receive circuits 20 condition the electrical signals
(for example, the receive circuits 20 may include suitable
filters to remove various noise components from the signals
and amplifiers to increase the amplitude of the signals.
Receive circuits 20 include analog to digital converters
(ADCs) that convert the signals into digital values. The
ADCs sample the signals at a rate sufficient to obtain both
phase and amplitude information for each signal. The result-
ing digital data, which may comprise raw samples of wave-
forms received at each element 14, may be termed RF data
24.

[0018] RF data 24 is delivered to a data processor 30,
which may comprise a suitably-programmed computer
workstation such as a personal computer, by way of a
suitable hardware/software interface 26. The volume of RF
data 24 will depend upon factors such as the rate at which
data is sampled, the sampling resolution, the number of
elements 14 in transducer 12 and the like. In a typical case,
RF data is generated in 16-bit samples at a rate of 40 MHz
and delivered to data processor 30 in real time. RF data 24
is delivered over a data bus capable of carrying the RF data
in real time. Any suitable high-speed bus technology may be
used to implement the transfer of RF data 24 to data
processor 30. Once received in data processor 30, RF data 24
is stored in a RF data memory area 28 by a direct memory
access (DMA) controller 29. RF data memory area 28 may
be a portion of a main memory of data processor 30.
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[0019] Data processor 30 comprises one or more micro-
processors 32. The microprocessors may be, for example,
Intel™ Pentium™ or AMD Athlon™ microprocessors. Data
processor 30 also includes one or more floating point
processors 34. Floating point processors 34 are conveniently
integrated with microprocessor(s) 32. For example, the
microprocessors referred to above have integral floating
point processors.

[0020] Data processor 30 controls the operation of trans-
mit circuit 16 by way of an interface 38. Data processor 30
includes a parameter store 39 that contains parameters that
control the timing and/or waveforms of the driving signals
to be delivered to elements 14 of transducer 12. The number
and precise nature of the parameters in parameter store 39
will depend on the structure of transmit circuit 16 and upon
how many different ways transmit circuit 16 can be adjusted
to vary the driving signals to be delivered to elements 14.

[0021] Data processor 30 is also configured to process RF
data from RF data memory area 28 to yield images that can
be displayed on a display 40. Display 40 may be a high
resolution computer monitor driven by data processor 30 by
way of a suitable graphics interface. The graphics interface
may comprise, for example, a graphics card and compatible
software drivers.

[0022] Data processor 30 processes RF data received from
transducer 12 to yield computed information and/or images.
One example of computed information is a maximum blood
flow velocity obtained by processing the RF data to yield
information regarding the Doppler shift of reflected ultra-
sound signals.

[0023] Processor 32 processes the RF data according to
one or more data processing functions 44. Data processing
parameters 46 are provided for some or all of the data
processing functions. The data processing parameters con-
trol the operation of the functions as described in more detail
below.

[0024] Design mode application software 48 can be
executed by processor 32 and permits users to control
transmit parameters 39, select data processing functions 44,
and select data processing parameters 46 for the selected
data processing function 44. A user can interact with design
mode application software 48 by way of a suitable user
interface 50 which may comprise a keyboard, graphical user
interface, some combination thereof, or any other suitable
user interface.

[0025] Design mode application software 48 permits users
to efficiently develop new ultrasound imaging modalities. A
user can first set transmit parameters 39 to provide a desired
set of driving signals for elements 14 of transducer 12. The
user may specify a sequence of driving signals to be applied
to each element 14 to vield a sequence of ultrasonic signals
as desired for an ultrasound modality that the user is
developing.

[0026] The driving signals applied to different ones of
elements 14 may differ in various ways to achieve transmit-
ted ultrasound signals that have desired characteristics.
There are a wide variety of ways in which it is possible to
vary the driving signals. Different driving signals may be
applied to different elements 14 of transducer 12. For
example:
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[0027] elements 14 may be divided into groups in various
ways and the same driving signals may be applied to all
of the elements 14 in each group or the driving signals
may be varied in a specified way for different ones of the
elements in each group.

[0028] the phase of a driving signal may be varied in some
specified manner either within a group of elements 14 or
across all elements 14.

[0029] the waveforms of the driving signals applied to
elements 14 may be varied.

[0030] the amplitudes of the driving signals applied to
elements 14 may be varied.

[0031] the frequency of the driving signals applied to
elements 14 may be varied.

[0032] the rate at which different driving signals are
applied to elements 14 may be varied.

There are a virtually infinite number of different driving
signals that could be delivered to cause the elements of a
transducer to generate ultrasound. A user designing a new
ultrasound mode may select a set of driving signals that
appear to be appropriate for the selected mode.

[0033] Transmit parameters 39 may include, without limi-
tation, parameters that specify:

[0034] awaveform, or waveforms, for the driving signals;
[0035] amplitudes for the driving signals;
[0036] relative phase shifts for driving signals to be

applied to different elements 14;
[0037] frequencies for the driving signals;

[0038] rates at which the driving signals should be
repeated;

[0039] focal point(s); and,
[0040] depth.

[0041] A user designing a new ultrasound mode may
select transmit parameters 39 to generate a set of driving
signals that cause transducer 12 to emit ultrasound signals
that appear to be appropriate for the selected mode. The user
may also select an existing data processing function or
design a new data processing function to extract desired
information, whether an image or some other information,
from the RF data that represents the ultrasound signals that
are reflected from a body upon application of the driving
signals to transducer 12. The data processing function may
have many forms. Typical data processing functions involve
operations such as beamforming, summing, and filtering to
obtain preprocessed data that comprises echo amplitude
information and/or other information useful for some diag-
nostic purpose.

[0042] The user can readily test and modify the ultrasound
mode until the user is satisfled with the results obtained. The
user can then save information that specifies the mode of
operation for future use.

[0043] FIG. 2 shows a method 60 that may be practiced
using apparatus 10 to develop new ultrasound modes.
Method 60 begins at block 62 by permitting a user to specify
both the nature of the transmitted ultrasound signals and the
way in which received echo signals will be processed to
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vield an image or other information. In the illustrated
embodiment, block 62 permits the user to select: transmit
parameters 39 at block 62A; a data processing function 44
at block 62B; and data processing parameters 46 for the
selected data processing function 44 at block 62C.

[0044] At block 64, the user causes system 10 to emit
ultrasound signals according to the selected transmit param-
eters 39 and to acquire and store corresponding RF data 24.
Method 60 continues at block 66 by applying the selected
data processing function 44 to RF data 24 using the selected
data processing parameters 46 to obtain a result.

[0045] 1In block 68 the result is displayed and checked. If
the check indicates that the result is acceptable (“YES”
result at block 69) then information specifying the mode is
saved at block 70 and method 60 ends. If the check indicates
that the result is not acceptable (“NO” result at block 69)
then the user has the option of modifying the data processing
function at block 72A or modifying the data processing
parameters 46 at block 72B or modifying transmit param-
eters 39 at block 72C.

[0046] If the user elects to modify data processing func-
tion 44 or data processing parameters 46 then it is not
necessary to acquire fresh RF data 24. The user can rapidly
try the effect of different data processing functions and/or
different data processing parameters on the results obtained
without acquiring new RF data 24. In the alternative, appa-
ratus 10 may be configured to acquire new RF data 24 each
time block 72A or 72B is executed or a function may be
provided to allow the user to cause apparatus 10 to acquire
fresh RF data 24 as indicated, for example, by block 72D).

[0047] Ifthe user elects to execute block 72C then method
60 acquires fresh RF data using the transmit parameters, as
modified by the user in block 72C.

[0048] It can be appreciated that method 60 provides a
very efficient way to develop and fine-tune new ultrasound
operating modes. The operating modes may be any of:

[0049] B-mode imaging modes;

[0050] B/M imaging modes;

[0051] compound imaging modes;

[0052] harmonic imaging modes;

[0053] A-mode ultrasound,

[0054] Doppler imaging modes;

[0055] pulsed Doppler modes;

[0056] M-modes;

[0057] elastography modes;

[0058] other known types of imaging mode; or
[0059] new imaging modes.

[0060] Where data processor 30 comprises a personal

computer running a common operating system then devel-
oping new data processing functions 44 is facilitated. The
full range of computer programming tools that have been
developed for programming such computers can be applied
to write new data processing functions 44, as desired. For
example, new data processing functions 44 may be built,
developed, and run using an environment such as
Microsoft™ Visual Studio or Matlab™. Data processor 30
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may execute software that provides an application program-
ming interface (API) that permits user software (such as
software written in a language such as C++) to access RF
data 24 and/or to control ultrasound machine 10. The data
processing functions may perform customized signal pro-
cessing, carry out special echo acquisition sequences or the
like.

[0061] Tt is not necessary for data processing functions 44
to be entirely self-contained. Data processor 30 may contain
software or software and hardware that provides certain
standard processing of raw data 24. A data processing
function 44 may take advantage of such standard processing
and further process the data as required for the ultrasound
mode being developed.

[0062] As shown in FIG. 3, data processor 30 may com-
prise a beamforming module 80 that processes RF-data 24 to
vield pre-scan converted data 81; a module 82 that produces
post-scan converted data 84 comprising both a Doppler data
stream 85 and an echo data stream 87. Data processing
functions 44 may access any of these sets of data as required.
Data processing parameters 46 may affect the operation of
these standard processing modules.

[0063] In some embodiments, apparatus 10 can be selec-
tively operated either as a research platform, as described
above, or as a diagnostic ultrasound machine. When appa-
ratus 10 is being operated as a diagnostic ultrasound
machine, only preconfigured standard operating modes are
available for selection. The user can select an operational
mode and may be able to adjust the operation of the selected
mode by setting values for a limited predetermined set of
parameters.

[0064] When apparatus 10 is switched to operate as a
research platform, as described above, apparatus 10 prefer-
ably displays a noticeable warning that the apparatus is
being operated in research mode so that users will not
accidentally attempt to use the apparatus 10 to perform a
standard ultrasound test, with possible unintended conse-
quences. The warning may comprise a symbol or other
indicia displayed on display 40 and/or a warning lamp or the
like on user interface 50.

[0065] In some embodiments of the invention, data pro-
cessing functions 44 for a preconfigured operational mode or
for a mode under development include floating point com-
putations that are performed by floating point processor(s)
34. Implementing filters using floating point arithmetic can
vield a significant noise reduction and increased signal-to-
noise ratio as compared to equivalent filters implemented
using integer arithmetic. Implementing the processing for
Doppler imaging using floating point arithmetic permits a
large increase in dynamic range, especially when digital
filtering is performed using floating point arithmetic using
the floating point processor 34. Using a fast floating point
processor can provide dramatic and surprising improve-
ments in the quality of ultrasound images and/or other
information derived from processing ultrasound signals.
Where data processor 30 is a computer workstation, such as
a personal computer, the floating point processor(s) 34 are
included in the processor of data processor 30 thus rendering
expensive separate processors unnecessary.

[0066] While a number of exemplary aspects and embodi-
ments have been discussed above, those of skill in the art
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will recognize certain modifications, permutations, additions
and sub-combinations thereof. For example, signals may be
processed at receive circuit 20 in a way which preserves
phase and amplitude information of reflected signals. The
inventions disclosed herein include all such modifications,
permutations, additions and sub-combinations as are within
their true spirit and scope.

What is claimed is:
1. An ultrasound machine comprising:

a transducer comprising a plurality of elements;

a transmit circuit connected to supply driving signals to
the elements of the transducer;

a receive circuit connected to receive echo signals from
the elements of the transducer; and,

a data processor connected to supply transmit parameters
to the transmit circuit and to receive RF data repre-
senting the echo signals;

wherein the data processor comprises a processor and
software instructions accessible for execution by the
processor, the software instructions comprising instruc-
tions that, when executed by the processor, cause the
processor to:

permit user selection of values for the transmit parameters
and a data processing function;

supply the selected values for the transmit parameters to
the transmit circuit and trigger the transmit circuit to
supply the driving signals to the transducer; and,

apply the data processing function to process the RF data

to produce a result.

2. An ultrasound machine according to claim 1 wherein
the software instructions comprise instructions that when
executed by the processor, cause the processor to: permit
user selection of values for data processing parameters
corresponding to the data processing function.

3. An ultrasound machine according to claim 2 compris-
ing a graphical display wherein the result comprises an
image and the software instructions comprise instructions
that when executed by the processor, cause the processor to
display the image on the graphical display.

4. An ultrasound machine according to claim 2 wherein
the software instructions comprise instructions that, when
executed by the processor, cause the processor to permit user
selection of modified values for the data processing param-
eters and to apply the data processing function to process the
RF data according to the modified values for the data
processing parameters to produce a modified result.

5. An ultrasound machine according to claim 4 wherein
the software instructions comprise instructions that, when
executed by the processor, cause the processor to permit user
selection of an alternative data processing function and to
apply the alternative data processing function to process the
RF data.

6. An ultrasound machine according to claim 1 wherein
the software instructions comprise instructions that, when
executed by the processor, cause the processor to:

permit user selection of modified values for the transmit
parameters;

Oct. 4, 2007

supply the selected transmit parameters values to the
transmit circuit and trigger the transmit circuit to sup-
ply the driving signals to the transducer to obtain fresh
RF data; and,

apply the data processing function to process the fresh RF

data to produce a fresh result.

7. An ultrasound machine according to claim 1 wherein
the transmit parameters include a waveform for at least one
driving signal.

8. An ultrasound machine according to claim 1 wherein
the transmit parameters include one or more focal points for
a transmitted ultrasound signal.

9. An ultrasound machine according to claim 1 wherein
the data processor comprises a personal computer and the
processor comprises a microprocessor of the personal com-
puter.

10. An ultrasound machine according to claim 1 wherein
the microprocessor comprises a floating point processor.

11. An ultrasound machine according to claim 10 wherein
the data processing function includes a filtering stage and the
filtering stage is implemented by floating point arithmetic
instructions executing on the floating point processor.

12. An ultrasound machine according to claim 10 wherein
the data processing function includes a Doppler processing
stage and the Doppler processing stage is implemented by
floating point arithmetic instructions executing on the float-
ing point processor.

13. An ultrasound machine according to claim 1 compris-
ing a user control for selecting between operation as a
research platform and operation as a diagnostic ultrasound
machine and a warning indicator wherein warning indicator
is connected to be activated when the ultrasound machine is
operating as a research platform.

14. An ultrasound machine according to claim 13 wherein
the warning indicator comprises one or more of a symbol or
other indicia displayed on a display and a warning lamp.

15. An ultrasound machine according to claim 1 compris-
ing a memory and a high speed data bus connected to deliver
the RF data from the receive circuit to the memory wherein
the software instructions cause the RF data to be retained in
the memory while causing the processor to apply a plurality
of the data processing functions to process the RF data.

16. A method for establishing an ultrasound imaging
protocol, the method comprising:

receiving information specifying driving signals to be
applied to elements of a transducer;

applying the driving signals to the elements of the trans-
ducer;

detecting echo signals and storing RF data representing
the echo signals in a memory accessible to the proces-
sor; and,

in the processor, generating a plurality of different images
from the RF data by executing each of:

a plurality of different data processing functions; or
a data processing function configured according to a

plurality of different sets of data processing parameters; to
process the RF data.
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