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7) ABSTRACT

A diagnostic medical imaging system is disclosed, such as a
diagnostic medical ultrasound system, which uses opera-
tional rules or an anatomic model of an anatomical structure
as an organizational framework for applying anatomy-spe-
cific auxiliary/secondary information. After processing the
operational rules on the acquired images or associating the
model with the acquired images, adapting/fitting the model
to match the images if necessary, the imaging system can
associate aspects of the images being acquired with the
auxiliary/secondary information, allowing the imaging sys-
tem to behave as if it “knows” what it is scanning. The
auxiliary information may be rules that affect the behavior of
the imaging system, or may be the acquired image samples.
System behavior may then be automatically adapted or the
operator may be prompted to make operational changes.
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SYSTEM AND METHOD FOR ADAPTING THE
BEHAVIOR OF A DIAGNOSTIC MEDICAL
ULTRASOUND SYSTEM BASED ON ANATOMIC
FEATURES PRESENT IN ULTRASOUND IMAGES

BACKGROUND

[0001] Imaging systems, such as diagnostic medical ultra-
sound systems, are routinely used in medical applications
for the purpose of imaging various body tissues and organs
and for other diagnostic and therapeutic purposes. These
systems allow medical professionals to view the internal
conditions of a patient thereby enabling them to render a
better diagnosis. In one example of a diagnostic medical
ultrasound system, a piezoelectric transducer acquires image
data by transmitting a series of ultrasonic pulses into a
patient and receiving the reflected echoes therefrom. These
echoes are converted/manipulated into an image and dis-
played on a monitor or stored for later use.

[0002] Imaging systems are generally active devices, 1.¢.
relying on transmitting some form of energy, such as acous-
tic waves or x-rays, into a subject and detecting emissions
from, or absorption by, the subject in response to that energy.
Passive medical diagnostic systems, in contrast, rely solely
on detecting the natural emissions from a subject, such as
acoustic, electrical, magnetic or thermal emissions. Exem-
plary passive systems include electrocardiogram devices or
thermal imaging devices. Active systems may be combined
with passive systems, such as a diagnostic medical ultra-
sound system which features an electrocardiogram detector.

[0003] At the most basic level, current imaging systems,
whether active, passive or combinations thereof, are only
capable of determining the presence, including relative
location, intensity and duration, or absence of a detectable
emission within their field of view and reporting that deter-
mination in some manner to the user. For example, a
diagnostic medical ultrasound system is capable of detecting
all acoustic-reflective tissues within the transducer’s field of
view by detecting the reflected echoes, as described above.
The ultrasound system computes the location, intensity and
duration of the detected responses and plots/renders them on
a two dimensional display for the user. This has the effect of
creating an acoustic image of the portion of the subject being
scanned.

[0004] Unfortunately, current imaging systems are inca-
pable of identifying or “knowing” what they are imaging. A
trained imaging technician is still required to interpret the
images, determine what is being imaged and render a
diagnosis. Further, depending on the portion of the subject
being imaged, adjustments to the imaging system may be
necessary to achieve optimal viewing, and therefore optimal
diagnosis. Such adjustments, such as beam angle or beam
focus in the case of ultrasound, must also be made by a
trained imaging technician who recognizes the anatomical
structures being imaged and is cognizant of the adjustments
necessary 1o achieve an optimal image.

[0005] Some imaging systems permit the operator to iden-
tify the anatomical structure being imaged to the imaging
system. Once identified, the imaging system then makes
automatic adjustments to particular imaging parameters
based on information with which it has been programmed in
regard to the operator-identified structure. Unfortunately,
this requires that the operator make an accurate determina-
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tion as to the anatomical structures being imaged, as well as
select the proper imaging mode to which the automatically
adjusted imaging parameters apply, and that the structures
conform substantially to the system programming. Such
manual identification, however, creates a distraction from
the examination process. Further, if the structure being
imaged is diseased or otherwise fails to conform to the
programming of the imaging system, the imaging system
may make incorrect adjustments resulting in sub-optimal
imaging. In addition, such manual identification and accom-
panying adjustments are static and cannot account for cer-
tain anatomical structures which are dynamic in nature.

[0006] Accordingly, there is a need for a diagnostic medi-
cal imaging system which is capable of comprehending the
anatomical structures being imaged so as to optimize the
imaging of, and/or perform functions, on the image of those
structures.

SUMMARY

[0007] The present invention is defined by the following
claims, and nothing in this section should be taken as a
limitation on those claims. By way of introduction, the
preferred embodiments described below relate to a diagnos-
tic medical imaging system. The system includes a receiver
operative to receive a plurality of signals, each of the
plurality of signals having been derived from an emission
detected by the diagnostic medical imaging system from a
portion of a subject, the portion characterized by a first
feature comprehensible by the diagnostic medical imaging
system from at least one of the plurality of signals and a
second feature at least partially incomprehensible by the
diagnostic medical imaging system from the plurality of
signals, the first and second features comprising first and
second features of at least one anatomical structure at least
partially present in the portion. In addition the system
includes a processor coupled with the receiver and operative
receive the plurality of signals from the receiver and to
identify the first feature. Further, the system includes a
memory coupled with the processor and operative to store an
anatomical model, the anatomical model comprising a sub-
stantial approximation of the second feature of the at least
one anatomical structure, the anatomical model being com-
prehensible by the diagnostic medical imaging system and
defining at least one expected characteristic of the second
feature. Wherein the processor is further operative to asso-
ciate a subset of the plurality of signals with the anatomical
model based on the first feature, generate control data based
on the association, and control operation of the diagnostic
medical imaging system as a function of the control data.

[0008] The preferred embodiments further relate to a
method for controlling the operation of a diagnostic medical
imaging system. In one embodiment, the method includes:
receiving a plurality of signals, each of the plurality of
signals having been derived from an emission detected by
the diagnostic medical imaging system from a portion of a
subject, the portion characterized by a first feature compre-
hensible by the diagnostic medical imaging system from at
least one of the plurality of signals and a second feature at
least partially incomprehensible by the diagnostic medical
imaging system from the plurality of signals, the first and
second features comprising first and second features of at
least one anatomical structure at least partially present in the
portion; identifying the first feature by the diagnostic medi-
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cal imaging system; providing an anatomical model, the
anatomical model comprising a substantial approximation of
the second feature of the at least one anatomical structure,
the anatomical model being comprehensible by the diagnos-
tic medical imaging system and defining at least one
expected characteristic of the second feature; associating a
subset of the plurality of signals with the anatomical model
based on the first feature; generating control data based on
the associating; and controlling operation of the diagnostic
medical imaging system as a function of the control data.

[0009] Further aspects and advantages of the invention are
discussed below in conjunction with the preferred embodi-
ments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIGS.1A-1T depict flow charts of the operation of
an imaging system, according to one embodiment.

[0011] FIG. 2 depicts a block diagram of a diagnostic
medical ultrasound system according to the one embodi-
ment.

[0012] FIG. 3 depicts a block diagram of a system con-

troller for use with diagnostic medical ultrasound system of
FIG. 2.

[0013] FIG. 4A depicts an exemplary anatomical model
of the heart.

[0014] FIG. 4B depicts an exemplary ultrasound image of
the heart.

[0015] FIG. 4C depicts application of the disclosed
embodiments with respect to the anatomical model of FIG.
4A and the exemplary ultrasound image of FIG. 4B.

DETAILED DESCRIPTION OF THE DRAWINGS
AND PRESENTLY PREFERRED
EMBODIMENTS

[0016] The disclosed embodiments relate to an imaging
system, such as a diagnostic medical ultrasound system,
which uses an operational rule set or volumetric computer
model of an anatomical structure as an organizational frame-
work for applying anatomy-specific auxiliary/secondary
information. After adapting/fitting the model to match the
images being acquired, if necessary, the imaging system can
associate aspects of the images being acquired with the
auxiliary/secondary information, allowing the imaging sys-
tem to behave as if it “knows” what it is scanning. The
auxiliary information may be rules that affect the behavior of
the imaging system, or may be the acquired image samples.
Such imaging systems provide improved workflow for the
operator, improving efficiency and diagnostic accuracy, by
providing improved automation and improved operator/
imaging system interfacing.

[0017] While the disclosed embodiments will be described
in relation to diagnostic medical ultrasound systems, it will
be appreciated that other diagnostic medical imaging sys-
tems are also contemplated, such as x-ray, computed tomog-
raphy (“CT”), magpetic resonance imaging (“MRI”), etc.
Further, both active and passive systems, as well as combi-
nations thereof, are contemplated as well. For example, an
electrocardiograph or thermal imaging system may also be
used.
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[0018] Some current diagnostic medical ultrasound sys-
tems automatically adjust acquisition and particular imaging
parameters of the current imaging mode based on the
operator’s indication of the anatomical structures presently
being scanned. Unfortunately, these indications by the
operator are manual and static, i.e. once input, the settings
remain fixed until they are changed by the operator, resulting
in the acquisition and display parameters of the system
remaining static. These systems are incapable of automati-
cally determining the anatomical structures which may be
present in the scan, dynamically varying the system control
based on the different parts of a particular anatomical
structure or varying the system control to account for
different phases of a cyclically moving structure.

[0019] Further, some current imaging systems provide the
capability to combine/stitch multiple images together to
produce an image with an apparently larger field of view or
to form a three-dimensional image. However, these capa-
bilities are restricted to combining images that were
acquired sequentially or utilizing extremely accurate posi-
tion sensing devices to give the system enough information
to properly assemble the images.

[0020] In addition, some current imaging systems require
the operator to manually identify regions of interest (“ROI”)
within imaged portions in order to perform special functions
on those regions, such as measuring fluid flow rates or
applying a Doppler function. The system, however, is inca-
pable of determining, itself, where to locate the ROI to
perform these functions or maintaining the ROI alignment as
the field of view shifts or otherwise changes, such as due to
operator or patient movement.

[0021] The disclosed embodiments relate to an imaging
system which utilizes an operational rule set or an anatomi-
cal model, volumetric and/or dynamic, as a framework to
comprehend anatomical features not otherwise comprehen-
sible by the system. This framework is associated with the
actual anatomy based on those features of the subject that the
system can comprehend. This association of the model with
the actual anatomy being imaged may include fitting or
otherwise adapting the model to more substantially approxi-
mate the actual anatomy, such as by adjusting the dimen-
sions or the behavior. The model further includes secondary
or auxiliary functions or data which, while not necessarily
part of the model, are related to, or may be derived from, the
model. These functions may include functions that the
system would not be otherwise capable of performing with-
out operator input. The association of the model with the
actual anatomy forms derived associations between these
secondary/auxiliary functions/data and the actual anatomy.
Once associated, the system is capable of performing these
functions or adapting operations with respect to the actual
anatomy without manual input from the operator, or, alter-
natively, guiding/prompting the operator through manual
performance of the functions or adapting operations. For
example, systems settings and imaging parameters may be
automatically set and/or dynamically varied to maintain
optimal imaging as different portions of the subject are
scanned. Further, images acquired during discrete scan ses-
sions may be stitched together by utilizing the model as a
guide. In addition, secondary information associated with
the model may used to indicate to the system as to where to
place ROI’s for particular functions, e.g. a blood vessel
model may include secondary information to cause the
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system to place an ROI for Doppler imaging between the
vessel walls and maintain the position of the ROI as the scan
progresses.

[0022] Tt is known to map acquired images of a particular
anatomical structure to a computer model of that structure so
that the model becomes representative of the specific ana-
tomical structure. See U.S. Pat. No. 6,295,464 which dis-
closes a system of mapping medical images to a dynamic
computer model of an anatomical structure, and using that
model to derive useful parameters or to display a moving
representation of the anatomy’s shape and/or motion. How-
ever, such systems lack the ability to control and/or adapt
operation of the imaging system based on functions or other
secondary/auxiliary data related to, but not necessarily part
of, the model. These systems are capable of quantifying
parameters, such as measuring flow or volume, but are
incapable of adapting the imaging process to optimize or
otherwise augment the imaging process. Further, the dis-
closed quantifying or manipulation operations are per-
formed on the model rather than on the actual anatomy.

[0023] Other known imaging systems adjust their behav-
ior based on built in rules. For example, see U.S. Pat. Nos.
5,709,210; 6,464,640, 6,464,641; 6,423,006; 6,390,984;
6,322,509; 6,176,830; 5,800,356; 5,538,003; and 5,505,204.
These systems are capable of adjusting particular imaging
parameters of a given, i.e. operator set, imaging mode based
on information derived from the acquired imaging data. In
particular, these systems 1) process the acquired image data
such that the resulting data contains detectable features
corresponding to the anatomy of interest, such as by passing
the data through a threshold filter to separate acoustic
reflective features of a particular intensity from other fea-
tures or identify areas of high flow relative to other features;
2) examine the processed data to detect the features, such as
to find all features below the threshold; 3) select one of the
features based on a built in rule, such as selecting the largest
feature which falls below the threshold; and 4) automatically
adjust particular imaging parameters based on this selection,
such as by automatically placing a color pan box over the
selected feature arca. However, these systems perform the
feature selection and control adjustments based on the
operator set imaging mode, the images acquired in the
operator set imaging mode and the processing of those
images, rather than on the anatomical structures being
imaged. This reduces the flexibility of the system and
constrains the operator to having to properly select an
imaging mode and obtain very specific images. By coupling
the image mode selection, feature selection and control
adjustments to the anatomy being imaged using an opera-
tional rule set or an anatomical model, the disclosed embodi-
ments permit more flexibility in imaging the subject and a
wider range of control adjustments which can be performed.
Anatomical models further permit the disclosed embodi-
ments to make deductions about the anatomy being imaged
that are not necessarily a part of the image, i.e. they permit
the system to comprehend features of the imaged anatomical
structures that normally are not fully comprehensible by the
system, for example by being currently at least partially
outside the imaging system’s field of view.

[0024] FIGS.1A-1T depict flow charts of the operation of
an imaging system, according to one embodiment, which
associates an anatomical model with the imaged anatomy, or
portion thereof, and applies one or more functions or other
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secondary/auxiliary information to effect adaptation or
manipulation of the imaging system to optimize, augment or
otherwise enhance the imaging process and resultant diag-
nosis. As will be described, signals are acquired (block 102),
the signals having been derived from one or more emissions
detected by a diagnostic medical imaging system from a
portion of a subject, such as the thoracic portion of a human
being. These signals may be electrical, optical, or compat-
ible with another communication technology now or later
developed, and further may be in an analog form or a digital
representation thereof. The imaged portion contains, at least
partially, at least one anatomical structure, such as the heart,
heart valve, blood vessel, etc. The anatomical structure
within, or at least partially within, the portion being imaged
includes features that are comprehensible by the imaging
system, i.e. produces emissions detectable by the imaging
system. It will be appreciated that the term “emission”
includes naturally occurring emissions, such as acoustic,
electrical, magnetic or thermal emissions, as well as emis-
sions caused by the induction/transmission of energy from
an external source, such as x-ray, acoustic, magnetic, elec-
trical or thermal energies, into the portion of the subject.
Further, the term emission refers both to detectable energy
emitted by the subject as well as the absence thereof, i.e. the
detectable absorption of energy. The comprehensible fea-
tures of the imaged portion may include features such as
defined, actual or present structure, composition, dimen-
sions, behavior, emission intensity, emission duration, or
other features discernable from the derived signals, such as
quantifiable relationships among such features.

[0025] The anatomical structure within, or at least par-
tially within, the portion being imaged is further character-
ized by features which are at least partially incomprehen-
sible by the imaging system, i.e. are not fully discernable
from the detected emissions or the signals derived there-
from. Such features include dynamic/varied or expected/
predicted arrangement, structure, composition, dimensions,
behavior or other features of the anatomical structure not
present or visible within the imaged portion. Examples of
incomprehensible features include the relationship between
various elements of the anatomical structure, the dynamic
behavior of the anatomical structure, various ROI’s within
the anatomical structure, and/or characteristics of the ana-
tomical structure which may lend themselves to more opti-
mal imaging using a particular imaging mode or particular
set of imaging parameters of the imaging system, etc.

[0026] In one embodiment, the diagnostic medical imag-
ing systems includes a diagnostic medical ultrasound sys-
tem. The emissions detected by the imaging system include
ultrasonic echoes received by an ultrasound transducer
coupled with the ultrasound system in response to the
transmission of acoustic energy into the portion of the
subject to be imaged. Herein, the phrase “coupled with” is
defined to mean directly connected to or indirectly con-
nected through one or more intermediate components. Such
intermediate components may include both hardware and
software based components.

[0027] In an alternate embodiment, the emissions further
comprise passive emissions, such as electrical emissions
related to cardiovascular activity, the derived signals repre-
senting an electrocardiogram. In this embodiment, the diag-
nostic medical imaging system may include an electrocar-
diograph device, wherein the comprehensible or at least
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partially incomprehensible features include electrical char-
acteristics of the anatomical structure being imaged.

[0028] The derived signals may be acquired in real time
during an imaging session or from a storage device which
stores the derived signals from prior imaging sessions.
Further, the derived signals may be acquired from an imag-
ing system local to the subject being examined, or via a
network from a remote imaging system.

[0029] Once the signals have been acquired, or while they
are being acquired in the case of real time acquisition, the
imaging system identifies the comprehensible feature(s)
(block 104). As described above, this identification may be
made by discerning the presence, intensity and/or duration
of emissions from the subject or the lack thereof. This
information may then be processed to identify features of the
anatomical structures present, or at least partially present,
within the imaged portion. For example, in the case of a
diagnostic medical ultrasound system, acoustic reflective
features may be identified within the imaged portion. In an
alternative embodiment, simple rules may be applied by the
imaging system to further identify features, such as emission
intensity threshold functions to identify areas of high emis-
sion or void areas. Emissions of different types may be
acquired and processed to enhance the identification of
comprehensible features.

[0030] An anatomical model is then provided (block 106).
The anatomical model may be stored on a hard disk, network
or other memory coupled with the diagnostic medical imag-
ing system. The anatomical model is essentially a model, i.¢.
a substantial approximation, of the anatomical structure
present, or at least partially present within the imaged
portion, which is comprehensible, i.e. capable of being
processed, by the diagnostic medical imaging system. This
model may be a volumetric or other model, a structural or
behavioral model, a static or dynamic model, i.e. may model
dynamic behavior of the anatomical structure, or combina-
tions thereof. The anatomical model comprises a imaging
system comprehensible model of at least one or more of the
at least partially incomprehensible features of the anatomical
structure, and may further model the comprehensible fea-
tures as well. In particular, the anatomical model defines at
least one expected characteristic of the anatomical structure,
such as expected arrangement of elements of the anatomical
structure, expected composition, expected dimensions, or
expected emissions (presence of, intensity or duration).

[0031] In an alternate embodiment, a database comprising
a plurality of anatomical models is provided, such as stored
on a hard disk or network coupled with the diagnostic
medical imaging system. The anatomical model which best
matches the anatomical structures is then selected from this
database. This selection may be based on the operational
state of the diagnostic medical imaging system and, further,
may be manually made by the operator or automatically
determined by the diagnostic medical imaging system based
on, for example, the detected comprehensible features.

[0032] In another alternative embodiment, the anatomical
model database may comprise a hierarchical collection of
anatomical models, wherein the collection collectively com-
prises a substantial approximation of an anatomical configu-
ration comprising multiple anatomical structures. For
example, a hierarchical collection of anatomical models may
be provided for the heart wherein the collection includes
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models of the right atrium, the left atrium, the right ventricle,
the left ventricle, the valves, etc. Further, each model within
a given collection may itself be a collection of models of the
anatomical sub-structures within the larger structure. In one
embodiment, a hierarchical collection of anatomical models
representing an entire human body is provided, wherein this
collection includes models, or further hierarchical collec-
tions of models, representing the major organ structures, etc.
It will be appreciated that the provision of anatomical
models representing various anatomical structures and the
division or combination of anatomical structures among or
within particular anatomical models, is implementation
dependent, and all such combination, divisions, and hierar-
chies are contemplated.

[0033] In addition, the anatomical model further includes
secondary or auxiliary information. This auxiliary informa-
tion is not part of the model of the anatomical structure but
is associated with the model, or portions thereof, as will be
described. The auxiliary information may be any informa-
tion associated with the model or portions thereof. The
auxiliary information may include indications of one or
more ROI’s within the anatomical structure, wherein the
information is used by the imaging system to locate an RO],
for example, to detect fluid flow. The auxiliary information
may include functions which can be executed in relation to
the anatomical structure being imaged. For example, these
functions may include functions which quantify attributes of
the at least partially incomprehensible features of the ana-
tomical structures such as quantifying dimensions, volume,
deflection or movement of structures not completely within
the field of view of the imaging system. These functions may
also include functions which control the imaging system,
such as functions which cause the imaging system to select
a particular imaging mode or configure a particular set of
imaging parameters, augment the displayed representation
of the anatomical structures by, for example, highlighting
particular features for the operator, or functions which
manipulate, alter or otherwise adjust or enhance operation of
the imaging system. For example, a function may be pro-
vided which adjusts the depth control of the transducer to
optimize imaging in the case of a diagnostic medical ultra-
sound system. The auxiliary information may also include
functions which automatically initiate modes of operation of
the imaging system depending on the anatomical structure
being imaged or automatically make and record particular
measurements. The auxiliary information may also include
rules for appending or overlapping images or rules for
discerning healthy versus unhealthy anatomy, as described
in more detail below. In one embodiment, the database
comprises an anatomically organized database of auxiliary
information, wherein the auxiliary information is stored in a
data structure based on its associated anatomical structure. It
will be appreciated that, as opposed to performing the above
functions automatically, the imaging system may be alter-
natively controlled to guide, prompt or otherwise assist the
operator in performing the functions manually.

[0034] Once the anatomical model has been provided, the
model is associated with the imaged portion of the subject,
i.e. associated with the derived signals, or portion thereof
representing the anatomical structures within, or at least
partially within, the imaged portion (block 108). This asso-
ciating may include fitting or otherwise adjusting the model
to more substantially approximate the particular anatomical
structure. Such fitting may be performed based on associ-
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ating the comprehensible features detected by the imaging
system with the comprehensible features as modeled in the
anatomical model. The resultant fitted model, being com-
prehensible by the imaging system as described above, may
then be utilized by the imaging system to perform functions
involving the at least partially incomprehensible features.

[0035] Once the anatomical model has been associated,
control data is generated by the imaging system based on the
association (block 110). The operation of the imaging sys-
tem is then controlled as a function of the control data (block
112). As described above, this control data may be generated
based on the auxiliary information contained within the
anatomical model. For example, control data may be gen-
erated to alter the operation of the imaging system or
otherwise augment the displayed representation of the ana-
tomical structure being imaged. Such control/augmentations
may include presenting prompts or other information to the
operator to assist the operator in manual performance of
particular functions as described herein.

[0036] In one embodiment wherein the imaging system
comprises a diagnostic medical ultrasound system, control
data may be generated to control/manipulate operation of the
transducer, or guide the user in doing so, such as by altering
the beam focus, beam angle, frequency or other transducer
operational parameters.

[0037] Wherein the anatomical structure is characterized
by an at least partially incomprehensible feature comprising
dynamic or variable behavior and the anatomical model
includes a model of this dynamic or variable behavior,
control data may be generated based on this dynamic
behavior to control the imaging system and/or prompt the
user accordingly. For example, the heart is characterized by
a cyclical dynamic behavior, i.e. as the heart beats, it moves
in a cyclical fashion, e.g. diastole and systole. The dynamic
nature of the heart’s beat, ¢.g. the phases of the heart beat
cycle, may be modeled by the anatomical model of the heart.
Augxiliary information associated with this dynamic behav-
ior may be used, once the model is associated with the actual
anatomical structure, to predict the expected behavior, ie.
movement/displacement of the heart, and thereby control the
imaging system to optimize the imaging process to account
for the movement. For example, the focus of the transducer
of a diagnostic medical ultrasound system may be dynami-
cally adjusted synchronously with the movement of the heart
such that the heart wall is always maintained in optimal
focus.

[0038] In one embodiment, the diagnostic medical imag-
ing system further displays a representation of the portion
being imaged, and anatomical structures therein, based on
the derived signals. The control data is then generated so as
to cause the imaging system to augment the displayed
representation, such as by highlighting a ROI or positioning
a flow box or Doppler gate. In an alternative embodiment,
the imaging system augments the displayed representation
with a previously obtained representation of the same, or
possibly different, portion, possibly obtained with the sub-
ject and/or imaging system in a different position and/or
orientation. This allows the operator to compare and contrast
images and/or create an apparent wider field of view.

[0039] In another embodiment, the diagnostic medical
imaging system is capable of assembling multiple images
obtained during discrete imaging sessions to create a single
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composite image with an apparent field of view which is
larger than the system’s actual field of view or to create a
three dimensional image from discrete two or three dimen-
sional images. Further, the discrete images used to create the
composite image may be acquired with the subject or
imaging system in any arbitrary position and/or orientation,
further easing the constraints on the operator. In operation,
the operator scans a subject with the subject and/or imaging
system arranged in multiple positions and/or orientations,
with images being acquired in each position and/or orien-
tation. The set of emissions detected by the imaging system
then comprises sub-sets of emissions associated with the
discrete images acquired in each position and/or orientation.
By associating the images with an anatomical model, a
frame of reference is created, this frame of reference being
the at least partially incomprehensible feature of the ana-
tomical structure. The frame of reference is then used to
assemble the discrete images into a composite form or
otherwise normalize operation of the imaging system with
respect to the varied positions and/or orientations of the
subject and/or imaging system. In one embodiment, the
acquired images, or a portion thereof, are displayed sub-
stantially simultaneously to user in a coordinate system
common to the particular positions and/or orientations in
which the images were acquired.

[0040] In another embodiment, the imaging system is
capable of maintaining a fixed frame of reference even as the
subject and/or imaging system are moved to different posi-
tions and/or orientations. Using the associated anatomical
model, control data is generated to maintain particular
system settings, such as the position of display augmenta-
tion, despite the movement of the subject and/or imaging
system. For example, as the operator of a diagnostic medical
ultrasound system moves the transducer, the color flow box
or Doppler gate remains fixed/static on a particular area of
the anatomical structure being imaged. As the field of view
changes, the imaging system, using the associated anatomi-
cal model, compensates for the change in view to maintain
the position of the display augmentation.

[0041] Inyetanother alternative embodiment, the imaging
system may further determine, using the derived signals, an
actual characteristic of the at least partially incomprehen-
sible feature corresponding to the expected characteristic
provided by the associated anatomical model. The control
data is then generated based on the deviation between the
actual and expected characteristics and the imaging system
is controlled, adjusted or otherwise manipulated accord-
ingly. The actual characteristics may include actual behav-
ior, actual structure, actual composition, actual dimensions
or actual emissions detected (presence, intensity and/or
duration). In one embodiment, the imaging system is con-
trolled so as to augment a displayed representation of the
anatomical structure with information related to the com-
puted deviation. In an alternate embodiment, the imaging
system is controlled so as to compensate for the computed
deviation, for example, to enhance and/or optimize the
imaging process.

[0042] FIG. 2 shows one embodiment of a diagnostic
medical ultrasound system 500. The depicted architecture
corresponds to the architecture of the Sonoline Antares™
Ultrasound Platform manufactured by Siemens Medical
Solutions USA, Inc., located in Iselin, N.J. It will be
appreciated that one or more of the described components
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may be implemented in hardware, software or a combination
thereof. The ultrasound system 500 includes an ultrasonic
imaging probe or transducer 504, acquisition hardware 20, a
front end acquisition hardware subsystem 22, a back end
acquisition hardware subsystem 24, a user interface 120, a
system controller 122 and a display 118. In one embodiment,
the back end subsystem 24 comprises a baseband processor
508, an echo processor 148, a color flow processor 152, a
digital signal processor 150, a scan converter 512 and a
video processor 154. In one embodiment, the exemplary
front end acquisition hardware 22 includes a transmit beam-
former 502, a receive beamformer 506, a transmit/receive
switch 130, and a real time controller 132. As will be
discussed below, the front end acquisition hardware 22 may
alternatively include local or remote optical or magnetic data
storage devices such as a computer memory, hard disk, CD,
DVD or video tape recorder coupled with the ultrasound
system 3500 via a wired or wireless device or network
interface. Herein, the phrase “coupled with” is defined to
mean directly connected to or indirectly connected through
one or more intermediate components. Such intermediate
components may include both hardware and software based
components.

[0043] The front end acquisition hardware 22 is coupled
with the transducer 504. The front-end acquisition hardware
22 causes the transducer 504 to generate acoustic energy into
a subject and receives the electrical signals generated by the
transducer 504 in response to the received echoes represent-
ing a two dimensional representation of the subject. In one
embodiment, the front end acquisition hardware 22 is con-
figurable to acquire information corresponding to a plurality
of two-dimensional representations or image planes of a
subject for three-dimensional reconstruction. Other configu-
rations, such as those for acquiring data with a two dimen-
sional, 1.5 dimensional or single element transducer array,
may be used. To generate each of the plurality of two-
dimensional representations of the subject during an imag-
ing session, the acquisition hardware 20 is configured to
transmit, receive and process during a plurality of transmit
events. Each transmit event corresponds to firing acoustic
energy along one or more ultrasound scan lines in the
subject. As a result of the succession of transmit events
occurring during use of the system 500, information is
received continuously throughout this process.

[0044] The transmit beamformer 502 is coupled with the
transducer 504 and is of a construction known in the art,
such as a digital or analog based beamformer capable of
generating signals at different frequencies. The transmit
beamformer 502 generates one or more excitation signals
which causes the transducer 504 to emit one or more
ultrasonic pulses. Each excitation signal has an associated
center frequency. As used herein, the center frequency
represents the frequency in a band of frequencies approxi-
mately corresponding to the center of the amplitude distri-
bution. Preferably, the center frequency of the excitation
signals is within the 1 to 15 MHz range and accounts for the
frequency response of the transducer 504. The excitation
signals have non-zero bandwidth.

[0045] It will be appreciated that alternative methods of
generating and controlling ultrasonic energy as well as
receiving and interpreting echoes received therefrom for the
purpose of diagnostic imaging, now or later developed, may
also be used with the disclosed embodiments in addition to
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or in substitution of current beamforming technologies.
Such technologies include technologies which use transmit-
ters and/or receivers which eliminate the need to transmit
ultrasonic energy into the subject along focused beam lines,
thereby eliminating the need for a transmit beamformer, and
may permit beam forming to be performed by post process-
ing the received echoes. Such post-processing may be per-
formed by a receive beamformer or by digital or analog
signal processing techniques performed on the received echo
data. For example, please refer to U.S. patent application
Ser. No. 09/518,972, entitled “METHOD AND APPARA-
TUS FOR FORMING MEDICAL ULTRASOUND
IMAGES”, now U.S. Pat. No. 6,309,356 and U.S. patent
application Ser. No. 09/839,890, entitled “METHOD AND
APPARATUS FOR FORMING MEDICAL ULTRA-
SOUND IMAGES”, the disclosures of which are herein
incorporated by reference.

[0046] Control signals are provided to the transmit beam-
former 502 and the receive beamformer 506 by the real time
controller 132. The transducer 504, as controlled by the
transmit beamformer 502, is caused to fife one or more
acoustic lines in each transmit event, and the receive beam-
former 506 is caused to generate in-phase and quadrature (I
and Q) information along one or more scan lines. Alterna-
tively, real value signals may be generated. A complete
frame of information corresponding to a two-dimensional
representation (a plurality of scan lines) is preferably
acquired before information for the next frame is acquired.
The real time controller 132 is also used to manage the data
flow created by the receive beamformer as it collects image
information, making the stream of data available to the back
end subsystem 22.

[0047] Upon the firing of one or more ultrasound scan
lines into the subject, some of the acoustical energy is
reflected back to the transducer 504. This reflected acousti-
cal energy is detected by the transducer 504 and converted
into electrical signals which are passed to the receive
beamformer 506. In addition to receiving signals at the
fundamental frequency (i.e., the same frequency as that
transmitted), the non-linear characteristics of tissue or
optional contrast agents also produce responses at harmonic
frequencies. Harmonic frequencies are frequencies associ-
ated with non-linear propagation or scattering of transmit
signals. As used herein, harmonic includes subharmonics
and fractional harmonics as well as second, third, fourth, and
other higher harmonics. Fundamental frequencies are fre-
quencies corresponding to linear propagation and scattering
of the transmit signals of the first harmonic. Non-linear
propagation or scattering corresponds to shifting energy
associated with a frequency or frequencies to another fre-
quency or frequencies. The harmonic frequency band may
overlap the fundamental frequency band.

[0048] The bascband processor 508 is coupled with the
receive beamformer 506 and receives the converted electri-
cal signals representative of the reflected acoustical energy.
The baseband processor 108 passes information associated
with a desired frequency band, such as the fundamental band
or a harmonic frequency band. In one embodiment, the
baseband processor 108 may be included as part of the
receive beamformer 506. Furthermore, the baseband pro-
cessor 108 demodulates the summed signals to baseband.
The demodulation frequency is selected in response to the
fundamental center frequency or another frequency, such as
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a second harmonic center frequency. For example, the
transmitted ultrasonic waveforms are transmitted at a 2 MHz
center frequency. The summed signals are then demodulated
by shifting by either the fundamental 2 MHz or the second
harmonic 4 MHz center frequencies to baseband (the
demodulation frequency). Other center frequencies may be
used. Signals associated with frequencies other than near
baseband are removed by low pass filtering. As an alterna-
tive or in addition to demodulation, the baseband processor
108 provides band pass filtering. The signals are demodu-
lated to an intermediate frequency (IF) (e.g. 2 MHz) or not
demodulated and a band pass filter is used. Thus, signals
associated with frequencies other than a range of frequencies
centered around the desired frequency or an intermediate
frequency (IF) are filtered from the summed signals. The
demodulated or filtered signal is passed to the additional
processors 148, 152 and 150 as either the complex I and Q
signal or other types of signals, such as real value signals. It
should be noted that band pass “filtering”, as well as other
types of data filtering known in the art, should not be
confused with the filter elements of the pipes and filters
framework disclosed herein. As known in the art, “filtering”
data involves allowing data with certain characteristics to
pass while blocking data without those characteristics. On
the other hand, while the filter elements discussed below
may perform functions similar to those provided by the band
pass processor 508, the filter elements, as used by the
architecture described herein, are more general processing
stages that manipulate, transform or enrich streaming data.

[0049] By seclectively filtering which frequencies are
received and processed, the backend subsystem 22 produces
images with varying characteristics. In tissue harmonic
imaging, no additional contrast agent is added to the target,
and only the nonlinear characteristics of the tissue are relied
on to create the ultrasonic image. Medical ultrasound imag-
ing is typically conducted in a discrete imaging session for
a given subject at a given time. For example, an imaging
session can be limited to an ultrasound patient examination
of a specific tissue of interest over a period of % to 1 hour,
though other durations are possible.

[0050] Tissue harmonic images provide a particularly high
spatial resolution and often possess improved contrast reso-
lution characteristics. In particular, there is often less clutter
in the near field. Additionally, because the transmit beam is
generated using the fundamental frequency, the transmit
beam profile is less distorted by a specific level of tissue-
related phase aberration than a profile of a transmit beam
formed using signals transmitted directly at the second
harmonic.

[0051] The harmonic imaging technique described above
can be used for both tissue and contrast agent harmonic
imaging. In contrast agent harmonic imaging, any one of a
number of well known nonlinear ultrasound contrast agents,
such as micro-spheres or the Optison™ agent by Nycomed-
Amersham of Norway, are added to the target or subject in
order to enhance the non-linear response of the tissue or
fluid. The contrast agents radiate ultrasonic energy at har-
monics of an insonifying energy at fundamental frequencies.

[0052] The echo 148, color flow 152 and digital signal 150
processors are coupled with the baseband processor 508 and
receive the filtered signals from the transducer 304/receive
beamformer 506. The digital signal processor 150 comprises

Dec. 16, 2004

one or more processors for generating two-dimensional
Doppler or B-mode information. For example, a B-mode
image, a color Doppler velocity image (CDV), a color
Doppler energy image (CDE), a Doppler Tissue image
(DTI), a Color Doppler Variance image, or combinations
thereof may be selected by a user. The digital signal pro-
cessor 150 detects the appropriate information for the
selected image. In one embodiment, the digital signal pro-
cessor 150 is adapted for Doppler processing and a B-mode
processing. As known in the art, the Doppler processing
estimates velocity, variance of velocity and energy from the
Iand Q signals. As known in the art, the B-mode processing
generates information representing the intensity of the echo
signal associated with the I and Q signals. The echo pro-
cessor 148 performs baseband and amplitude mode signal
processing of RF and IQ data in a known manner. The color
flow processor 152 adds color to the acquired information,
as known in the art.

[0053] The information generated by the echo 148, color
flow 152 and digital signal 150 processors is provided to the
scan converter 512. Alternatively, the scan converter 512
includes detection processes as known in the art and
described in U.S. Pat. No. 5,793,701 entitled “METHOD
AND APPARATUS FOR COHERENT IMAGE FORMA-
TION”, assigned to the assignee of the present invention, the
disclosure of which is herein incorporated by reference. The
scan converter 512 is of a construction known in the art for
arranging the output of the signal processors 148, 152 and
150 into two-dimensional representations or frames of
image data. The scan converter 512 converts acoustic ultra-
sound line data, typically in a polar coordinate system, into
data which may be plotted on a Cartesian grid. Using
volume averaging or other similar algorithms on the
returned echo data, the slice information is merged into a
single 2D plane. This permits display of the ultrasound
image on a two-dimensional output device such as a display
monitor 118. Preferably, the scan converter 512 outputs
formatted video image data frames, using a format such as
the DICOM Medical industry image standard format or a
TIFF format. Thus, the plurality of two-dimensional repre-
sentations is generated. Each of the representations corre-
sponds to a receive center frequency, such as a second
harmonic center frequency, a type of imaging, such as
B-mode, and positional information. It will be appreciated
that the disclosed embodiments may also operate with
ultrasound systems which produce three dimensional and/or
four dimensional, i.¢. real time 3-D, images. The harmonic
based representations may have better resolution and less
clutter than fundamental images. By suppressing the har-
monic content of the excitation signal, the benefits of
harmonic imaging of tissue may be increased. In any event,
the scan converter 512 provides its output to the PCI bus
156. In one embodiment, the PCI bus 156 is a standard
peripheral component interconnect board, as known.

[0054] The user interface 120 is coupled with the system
controller 122 and includes one or more input devices which
the clinician/sonographer/physician uses to interface with
the ultrasound system 500. The user interface 120 includes
input devices such as a keyboard, mouse, trackball, touch
screen or other input devices or combinations thereof as are
known in the art. Further the user interface 120 may also
include graphic user interface (“GUI”) elements coupled
with the input devices and with the display 118 for both
input and output functions. In addition to controlling the
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ultrasound functions of the ultrasound system 500, the user
interface 120 may afford the user the opportunity to modify
graphical representations, imaging planes and displays pro-
duced by the ultrasound system S500. Finally, the user
interface 120 allows the user to coordinate multiple ultra-
sound probes 504.

[0055] The system controller 122 is coupled with the front
end subsystem 22, the backend subsystem 22, the PCI bus
156 and the user interface 120 and controls and coordinates
the functions of the ultrasound subsystems. The term “sys-
tem controller” broadly refers to the appropriate hardware
and/or software components of the ultrasound system 500
that can be used to implement the preferred embodiments
described herein. It should be understood that any appro-
priate hardware (analog or digital) or software can be used
and that the embodiments described herein can be imple-
mented exclusively with hardware. Further, the system con-
troller 122 can be separate from or combined with (in whole
or in part) other processors of the ultrasound system 500
(including attendant processors), which are not shown in
FIG. 2 for simplicity.

[0056] The various elements of the ultrasound system
including the front end subsystem 22, backend subsystem 24
and user interface 120 are controlled in real time by the
system controller 122. The system controller 122 controls
the operation of the components of the system 500. A user,
via the user interface 120, can adjust imaging parameters
such as, but not limited to, image depth, image width, and
frame rate. The controller 122 interprets the set-up informa-
tion entered by the user and configures the components of
the system 500 accordingly.

[0057] The video processor 154 acts as an interface
between the system controller 122 and the display 118. In
various embodiments, the video processor 154 can be con-
figured to work with a variety of display types, such as
cathode ray tubes or liquid crystal displays. The video
processor 154 can also be configured to output information
to a printer, memory, storage device, such as a computer
storage device or a video recorder, computer network or
other means for communicating data representative of an
ultrasonic echo known in the art. The display monitor 118 is
connected to the display controller 116 and is a standard
display monitor as known in the art. In alternate embodi-
ments, the display 118 can be replaced with a printer,
memory, storage device, or any other output device known
in the art.

[0058] FIG. 3 shows a block diagram of an exemplary
system controller 122 for use with the diagnostic medical
ultrasound system 500 described above. For clarity, some
components related to the functioning of the imaging system
are not shown. The system controller 122 includes a ultra-
sound system interface 204, a processor 230, a memory 206
and an interface to the system user interface 202. The
ultrasound system interface 204 interconnects system con-
troller 122 with the ultrasound system 500 components, as
described above, so that the system controller 122 may
receive digital or analog signals representing the received
ultrasonic echoes as well as transmit system commands to
the ultrasound system 500 components to adapt, manipulate
or otherwise control the system 500. The received signals
may have already been pre-processed into a digital repre-
sentation thereof or may be analog, either pre-processed or
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received unprocessed from the transducer. In one embodi-
ment, the interface 204 is an interface compatible with the
Peripheral Component Interconnect (“PCI”) Bus interface,
however other bus interfaces compatible with the system bus
of the ultrasound system 500 may also be used and is
dependent upon the implementation. The processor 230 is
coupled with the interface 204 and interprets the signals
received from the ultrasound system 500, which may
include converting analog signals to digital representations
thereof, associates at least a subset of those signals with an
anatomical model, and generates control data based on the
association to control, automatic and/or via guided/
prompted manual, operation of the ultrasound system 500.
The processor 230 is preferably the ultrasound system 500
processor, however other processor may also be used. Fur-
ther, the processing capabilities described herein may be
implemented in hardware, software or a combination
thereof. The memory 206 is coupled with the processor and
stores the anatomical model(s) 228 for use by the processor.
The memory 206 is preferably a computer storage device
such as a hard disk, memory or other storage device as is
known. The memory 206 may be a memory local to the
ultrasound system 500 or located remotely and connected to
the ultrasound system via a network. The user interface 202
includes an interface which couples the system controller
122 with the user interface of the ultrasound system 500, e.g.
display or other output device, keyboard, mouse or other
input device. General operation of the system controller 122
with respect to the disclosed embodiments is described
above.

[0059] The processor 230 further includes identifier logic
226, association logic 208, fitting logic 210 and generator
logic 212. The identifier logic 226 is coupled with the
ultrasound system 500 interface 204 and receives the signals
derived from the imaging process as described above. The
identifier logic 226 processes the signals, or a subset thereof,
to identify the comprehensible features of the anatomical
structures within the imaged portion of the subject. The
association logic 208 is coupled with the identifier 226 and
the memory 206, described in more detail below. The
association logic 208 associates the derived signals, or a
subset thereof, with an anatomical model 228 stored in the
memory 206. In one embodiment, the association logic 208
performs the association using the identified comprehensible
features identified by the identifier logic 226. The fitting
logic 210 is coupled with the association logic 208 and fits
the associated anatomical model 228, if such an operation is
necessary, to the corresponding actual anatomical structure
present, or at least partially present, within the imaged
portion of the subject. The fitting process may include
scaling the dimensions of the model 228, scaling the behav-
ior of the model 228, or otherwise altering parameters of the
model 228 to match corresponding parameters of the actual
anatomy. In an alternate embodiment, the fitting logic 210
determines, quantifies and/or reports deviations between one
or more parameters of the anatomical model 228 and the
actual anatomy. The generator logic 212 is coupled with the
fitting logic 210, the interface to the system user interface
202 and the ultrasound system 3500 interface 204. The
generator logic 212 generates control data based on the
association, and fitting if performed, of the anatomical
model 228 with the derived signals. The generated control
data is then used to control operation of the ultrasound
system 500 and/or augment displayed representations of the
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imaged portions of the subject, as described above. In one
embodiment, the control data is generated based on second-
ary/auxiliary information 214 stored with the model 228, as
described above. It will be appreciated that one or more of
the logic components described above may be combined or
further divided into discrete sub-components.

[0060] In an alternative embodiment, position and/or ori-
entation hardware is provided with provides accurate posi-
tion and/or orientation information regarding the transducer
and/or the subject or anatomy being imaged. This data is
received by the system controller 122 and processed to
determine the position and/or orientation of the imaging
plane or volume created by the transducer and/or the posi-
tion and/or orientation of the subject or anatomy being
imaged relative to the imaging plane, volume or some other
origin. This information can then be used to further enhance
the identification and association of the anatomical model
228 as well as the generation of control data.

[0061] FIGS. 4A-4C show an exemplary anatomical
model as well as the process of fitting the model to the actual
anatomical structure being imaged. FIG. 4A shows the
anatomical model 228 for the heart. The model 228 includes
a volumetric structural model 302 of the heart as well as one
or more cross sectional or planar models 304 showing the
internal structure of the heart as it would appear across
various imaging planes. For clarity, only one exemplary
imaging plane is shown. In one embodiment, the various
planar models 304 may be computationally derived from the
volumetric structural model 302. The model 228 further
includes auxiliary information 306, which in this case,
indicates regions of interest within the heart, such as the
atrial and ventricular chambers of the heart. As was
described above, each atrial or ventricular chamber could be
represented by its own model in a hierarchical collection of
models representing the overall heart structure. The auxil-
iary information 306 will be used by the ultrasound system
500, as described above, to augment the displayed repre-
sentation of the actual heart, i.e. anatomical structure, being
imaged.

[0062] FIG. 4B shows an exemplary ultrasound image of
a heart. FIG. 4C shows the result of exemplary operation of
the disclosed embodiments. After associating and fitting the
model 228 of the heart from FIG. 4A with the image of FIG.
4B, the system 500 is able to identify and highlight 310 the
left ventricular chamber using the auxiliary data 306 from
the model 228.

[0063] Other exemplary applications of the disclosed
embodiments include image acquisition applications, image
processing applications, user interface applications and
work flow applications.

[0064] An exemplary image acquisition application
involves imaging a beating heart. Typically, not all parts of
the heart are of equal importance for diagnosis during a
given examination. Having access to auxiliary information
describing the importance, orientation and/or dynamics of
the portions of the heart being imaged, an imaging system
500 is capable of making tradeoffs that optimize imaging
performance in imaging the diagnostically significant por-
tions of the heart. For example, the system 500 may auto-
matically decrease temporal resolution during diastole, thus
reducing power usage and exposure of the patient to the
energy emitted by the imaging system. In addition, the
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system 500 can automatically modulate temporal resolution
throughout the field of view to better visualize fast moving
structures. Further, in the case of a diagnostic medical
ultrasound system, the system 500 can automatically and
dynamically move the transmit focus and orientation of the
ultrasonic beams to enhance visualization of a moving
structure that is important for diagnosis. Additionally, acqui-
sition parameters which are sensitive to the qualities of the
anatomy being imaged that vary in a predictable fashion
may be dynamically optimized. For example, the Doppler
scale may be lowered during diastole to give better visual-
ization of low flow velocities and then raised during systole
to avoid aliasing.

[0065] An exemplary image processing application
involves using the auxiliary information stored with each
anatomical model as a container to hold processed image
values, where the processing may be anything from simple
copying of acquired image samples to advanced compound-
ing involving many, or all, image samples associated with
the same model element. In one embodiment, all acquired
data would be stored in the model, i.e. in storage containers
associated with the model elements. By pulling the dis-
played image out of the model, it is possible to show a field
of view that encompasses everything scanned so far and not
just what is being scanned at the moment. This provides an
apparent extended field of view which does not require the
combined images to be sequentially acquired.

[0066] An exemplary user interface application involves
converting some user controls to work within an anatomical
coordinate system rather than the transducer/probed coordi-
nate system, thereby improving the usefulness and intuitive-
ness of the those controls. This may be accomplished by
associating the control’s parameters to elements of an ana-
tomical model, and using the derived associations to deter-
mine the control’s probe-relative values. For example, the
system 500 may automatically position and size the Flow
ROI to encompass the left ventricle when Flow is activated
while imaging the left ventricle. In addition, or alternatively,
the system 500 may automatically keep the spectral Doppler
gate, Flow ROI, or an anatomical annotation positioned in
the same location in the heart as the transducer/probe or
heart moves.

[0067] An exemplary work flow application involves
improving the imaging examination process. Ultrasound or
other imaging system examinations typically involve a pre-
defined sequence of steps, some of which can be facilitated,
or even automated, by an imaging system 500 which is
capable of associating the images being acquired with
auxiliary information comprising rules that apply specifi-
cally to the anatomy being imaged. For example, the system
500 may automatically initiate the appropriate operating
modes, using appropriately placed ROI'S, as the operator
progresses through the exam. Further, the system 500 may
automatically make and record certain anatomic measure-
ments, such as fetal bone lengths.

[0068] Additionally, a repository of anatomically orga-
nized rules may be provided which include expert operator
tips or tricks to obtain optimal images in specific situations.
For example, an anatomical model of the liver may be
provided with the capability to model cysts possibly present
in a diseased liver. Whenever a portion of an acquired image
is associated with the model of the cyst, the imaging system
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500 may automatically transmit a sequence of energies
designed to induce flow within any fluid inside the cyst, and
then initiate an operational mode which detects and/or
measures that flow, using an ROI centered on the cyst. This
would allow the operator to distinguish between solid and
fluid-filled cysts without having to manually execute a
complicated series of operations.

[0069] In another embodiment of the exemplary diagnos-
tic medical imaging system above, the system is capable of
identifying one or more comprehensible, or at least partially
comprehensible, features of the anatomical structures
present, or at least partially present, within the imaged
portion based on the emissions received by the transducer.
The identification may be performed utilizing an anatomical
model, as describe above, and/or using operational rules,
such as intensity thresholds, etc, as described above.

[0070] Inoneembodiment, once a feature is identified, the
imaging system is further capable of automatically initiat-
ing, i.e. activating or prompting the operator to activate, an
imaging mode of the diagnostic medical imaging system to
optimally image the identified feature, in addition to opti-
mizing the imaging parameters of an automatically, or
manually, selected imaging mode. An imaging mode is
defined as a method of acquiring and processing ultrasound
information and includes particular pre-processing of trans-
ducer control signals to control the characteristics of the
generated acoustic energy, particular post-processing of
received echoes as well as the method and format of
rendering the displayed representation of those post-pro-
cessed echoes. Imaging modes include combinations of
transducer settings, echo processing techniques, visual ren-
dering processing and/or GUI augmentation. An imaging
mode may be characterized by one or more parameters
which may adjusted, either automatically or manually, to
optimize or enhance the imaging mode. Such parameters
may include harmonic imaging parameters. Further, imaging
modes may be used with or without contrast agents.

[0071] Exemplary imaging modes include time based and
frame based imaging modes. Time based imaging modes
include M-mode, PW-mode, CW-mode, and Color M-mode.
Time based imaging modes provide enhanced visualization
of change over time of an imaged feature and are typically
displayed so as to show relationship to time.

[0072] M-mode (Motion-mode) displays ultrasonic echo
strength as a function of depth over time. Typically, the
display renders a two dimensional image, wherein the ver-
tical axis represents depth and horizontal axis represents
time. The displayed value represents the strength of the
ultrasonic echo from a point at the given depth, along a line
into the portion of the subject being imaged. This mode is
useful for visualizing tissue motion along the depth dimen-
sion as a function of time.

[0073] PW-mode (Pulsed-wave Doppler) is used to detect
and display the velocity of movement within the imaged
portion, and typically within a specific ROI of the imaged
portion. Typically, the display renders a two dimensional
image, wherein the vertical axis represents velocity and the
horizontal axis represents time. The displayed value repre-
sents the amount of material within a specified ROI that is
moving at the given velocity. This mode is useful for
visualizing variation in the velocity spectrum of blood over
time.
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[0074] CW-mode (Continuous-wave Doppler) is similar to
PW-mode, except that the ROI is not restricted in range, and
the velocity spectrum is cleaner as a result.

[0075] Color M-mode is similar to M-mode wherein the
displayed vertical axis represents depth. However, the value
displayed represents average velocity, energy, variance, or a
combination thereof, at the given depth, along a line into the
portion of the subject being imaged.

[0076] Frame based imaging modes include B-mode and
F-mode. Frame-based imaging modes provide enhanced
visualization spatial or dimensional change. Frame based
imaging modes render and display images using spatial
dimensions as the axes.

[0077] B-mode (Brightness mode) is similar to M-mode
and displays values representing the strength of the ultra-
sound echo from a specific location, usually displayed by
varying the brightness/intensity level of the displayed pixels
which corresponds to the echo strength. This imaging mode
is useful for visualizing the structure and arrangement of
tissue.

[0078] F-mode (also referred to as Color Doppler or Color
Flow) is similar to Color M-mode and displays values
representing an average velocity (or energy, etc) from a
specific location. This imaging mode is useful for visualiz-
ing blood flow.

[0079] It will be appreciated that there may be other
imaging modes, both Time and Frame based, and that one of
more imaging modes may be combined or simultaneously
displayed.

[0080] In another embodiment, once a feature is identified,
the imaging system configures a set of operating parameters
to control operation of said diagnostic medical ultrasound
system based on the identified feature. Diagnostic medical
ultrasound imaging systems often feature multiple config-
urable settings to control the system and optimize and/or
enhance the imaging and/or diagnostic process. Various
settings may be related while other settings are separate/
distinct from each other. In this embodiment, collections or
groups of settings, whether disparate or related, may be
collectively configured automatically by the system based
on the identified feature being imaged. The system may
include numerous, potentially overlapping, configuration
sets, each set specifying ideal settings of various parameters
of the system. These configuration sets may be stored in a
memory within the system or on a network. By automati-
cally identifying the feature(s) being imaged and configuring
the multitude of imaging parameters necessary to optimally
image the feature(s) and perform the diagnosis, operation of
the imaging system is greatly simplified. The various con-
figuration sets may be further categorized by the type of
examination to be performed on the identified feature,
wherein the different examinations of any one identified
feature may be optimized by particular system settings.
Once the feature being imaged is identified, the user may be
prompted to select an exam type, the selection of which
causes automatic configuration of the multitude of operat-
ing/imaging parameters to optimize and/or enhance the
examination process.

[0081] In yet another embodiment, once a feature is iden-
tified, the imaging system may automatically guide the
operator through a plurality of examination procedures
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based on said identified feature. Many diagnostic procedures
follow a protocol of examination stages, each of which may
require configuring the imaging system in a different manner
to obtain the requisite diagnostic information. In this
embodiment, once the imaged feature is identified, the
imaging system automatically determines an examination
protocol and guides/prompts the operator through perform-
ing each of the particular stages. In guiding and/or prompt-
ing the operator, the imaging system may automatically
configure itself, as described above, or prompt the user to
manually configure the system.

[0082] Tt is therefore intended that the foregoing detailed
description be regarded as illustrative rather than limiting,
and that it be understood that it is the following claims,
including all equivalents, that are intended to define the
spirit and scope of this invention.

We claim:
1. A method for controlling the operation of a diagnostic
medical imaging system, said method comprising:

receiving a plurality of signals, each of said plurality of
signals having been derived from an emission detected
by said diagnostic medical imaging system from a
portion of a subject, said portion characterized by a first
feature comprehensible by said diagnostic medical
imaging system from at least one of said plurality of
signals and a second feature at least partially incom-
prehensible by said diagnostic medical imaging system
from said plurality of signals, said first and second
features comprising first and second features of at least
one anatomical structure at least partially present in
said portion;

identifying said first feature by said diagnostic medical
imaging system;

providing an anatomical model, said anatomical model
comprising a substantial approximation of said second
feature of said at least one anatomical structure, said
anatomical model being comprehensible by said diag-
nostic medical imaging system and defining at least one
expected characteristic of said second feature;

associating a subset of said plurality of signals with said
anatomical model based on said first feature;

generating control data based on said associating; and

controlling operation of said diagnostic medical imaging

system as a function of said control data.

2. The method of claim 1, wherein said first feature is
characterized by at least one of a defined behavior, a defined
structure, a defined composition, at least one defined dimen-
sion, and a defined emission.

3. The method of claim 1, wherein said second feature is
characterized by at least one of a varied arrangement, a
varied behavior, a varied structure, a varied composition, at
least one varied dimension, and a varied emission.

4. The method of claim 1, wherein said at least one
expected characteristic comprises at least one of expected
arrangement, expected behavior, expected structure,
expected composition, at least one expected dimension, and
expected emission.

5. The method of claim 1, further comprising:

selecting said anatomical model from a database com-
prising a plurality of said anatomical models.
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6. The method of claim 5, wherein said sclecting further
comprises automatically selecting said anatomical model
based on said first feature.

7. The method of claim 5, wherein said selecting further
comprises selecting said anatomical model based on an
operational state of said diagnostic medical imaging system.

8. The method of claim 5, wherein said plurality of said
anatomical models collectively comprise a substantial
approximation of an anatomical configuration encompassing
said at least one anatomical structure.

9. The method of claim 5, wherein said anatomical model
further comprises at least one function capable of being
performed by said diagnostic medical imaging system in
relation to said second feature, said processor being further
operative to apply said at least one function to alter an
operational state of said diagnostic medical imaging system
based on said anatomical model, said database comprising
an anatomically organized database of each of said at least
one function, each of said at least one function being stored
in a data structure based on its associated anatomical struc-
ture.

10. The method of claim 1, wherein said anatomical
structure is characterized by a dynamic behavior, said sec-
ond feature comprising said dynamic behavior.

11. The method of claim 1, wherein said associating
further comprises adjusting said anatomical model to sub-
stantially approximate said anatomical structure.

12. The method of claim 1, wherein said anatomical
model further comprises at least one function capable of
being performed by said diagnostic medical imaging system
in relation to said second feature, said generating further
comprising applying said at least one function to alter an
operational state of said diagnostic medical imaging system
based on said anatomical model.

13. The method of claim 1, further comprising:

determining at least one actual characteristic of said
second feature corresponding with said at least one
expected characteristic utilizing said associated subset
of said plurality of signals;

wherein said controlling further comprises adjusting said
diagnostic medical imaging system based on a devia-
tion between said at least one actual characteristic and
said at least one expected characteristic.

14. The method of claim 13, wherein said adjusting
further comprises adjusting said diagnostic medical imaging
system to compensate for said deviation.

15. The method of claim 1, wherein said diagnostic
medical imaging system comprises a diagnostic medical
ultrasound system.

16. The method of claim 15, wherein said emission
comprises an ultrasonic echo received by an ultrasound
transducer from said subject in response to transmission of
acoustic energy into said portion of said subject by said
transducer.

17. The method of claim 16, wherein said controlling
further comprises manipulating operation of said transducer.

18. The method of claim 1, wherein said plurality of
signals comprise an electrocardiogram.

19. The method of claim 1, wherein said emission is
emitted in response to transmission of energy into said
portion of said subject by said diagnostic medical imaging
system.
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20. The method of claim 1, further comprising:

displaying a representation of said plurality of signals on
a display coupled with said diagnostic medical imaging
system;

augmenting said representation based on said control

data.

21. The method of claim 1, wherein said second feature
comprises a variable behavior, said controlling further com-
prising dynamically controlling said operation of said diag-
nostic medical imaging system based on said variable
behavior.

22. The method of claim 1, wherein said emission further
comprises a first sub-emission and a second sub-emission,
said first sub-emission being detected by said diagnostic
medical imaging system when said subject is in a first
orientation and position relative to said diagnostic medical
imaging system and said second sub-emission being
detected by said diagnostic medical imaging system when
said subject is in a second orientation and position relative
to said diagnostic medical imaging system, said second
orientation and position being different from said first ori-
entation and position, said generating further comprising
generating said control data so as to normalize operation of
said diagnostic medical imaging system with respect to a
first sub-set of said plurality of signals corresponding to said
first sub-emission with operation of said diagnostic medical
imaging system with respect to a second sub-set of said
plurality of signals corresponding to said second sub-emis-
sion.

23. The method of claim 22, wherein said controlling
further comprises substantially simultaneously displaying a
representation of said first and second sub-emission in a
coordinate system common to both said first and second
positions and orientations.

24. A diagnostic medical imaging system comprising:

a receiver operative to receive a plurality of signals, each
of said plurality of signals having been derived from an
emission detected by said diagnostic medical imaging
system from a portion of a subject, said portion char-
acterized by a first feature comprehensible by said
diagnostic medical imaging system from at least one of
said plurality of signals and a second feature at least
partially incomprehensible by said diagnostic medical
imaging system from said plurality of signals, said first
and second features comprising first and second fea-
tures of at least one anatomical structure at least
partially present in said portion;

a processor coupled with said receiver and operative
receive said plurality of signals from said receiver and
to identify said first feature;

a memory coupled with said processor and operative to
store an anatomical model, said anatomical model
comprising a substantial approximation of said second
feature of said at least one anatomical structure, said
anatomical model being comprehensible by said diag-
nostic medical imaging system and defining at least one
expected characteristic of said second feature;

wherein said processor is further operative to associate a
subset of said plurality of signals with said anatomical
model based on said first feature, generate control data
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based on said association, and control operation of said
diagnostic medical imaging system as a function of said
control data.

25. The diagnostic medical imaging system of claim 24,
wherein said first feature is characterized by at least one of
a defined behavior, a defined structure, a defined composi-
tion, at least one defined dimension, and a defined emission.

26. The diagnostic medical imaging system of claim 24,
wherein said second feature is characterized by at least one
of a variable arrangement, a varied behavior, a varied
structure, a varied composition, at least one varied dimen-
sion, and a varied emission.

27. The diagnostic medical imaging system of claim 24,
wherein said at least one expected characteristic comprises
at least one of expected arrangement, expected behavior,
expected structure, expected composition, at least one
expected dimension, and expected emission.

28. The diagnostic medical imaging system of claim 24,
wherein said memory is further operative to store a database
comprising a plurality of anatomical models, said processor
being further operative to select said anatomical model from
said database.

29. The diagnostic medical imaging system of claim 28,
wherein said processor is further operative to automatically
select said anatomical model based on said first feature.

30. The diagnostic medical imaging system of claim 28,
wherein said processor is further operative to select said
anatomical model based on an operational state of said
diagnostic medical imaging system.

31. The diagnostic medical imaging system of claim 28,
wherein said plurality of said anatomical models collectively
comprise a substantial approximation of an anatomical con-
figuration encompassing said at least one anatomical struc-
ture.

32. The diagnostic medical imaging system of claim 28,
wherein said anatomical model further comprises at least
one function capable of being performed by said diagnostic
medical imaging system in relation to said second feature,
said processor being further operative to apply said at least
one function to alter an operational state of said diagnostic
medical imaging system based on said anatomical model,
said database comprising an anatomically organized data-
base of each of said at least one function, each of said at least
one function being stored in a data structure based on its
associated anatomical structure.

33. The diagnostic medical imaging system of claim 24,
wherein said anatomical structure is characterized by a
dynamic behavior, said second feature comprising said
dynamic behavior.

34. The diagnostic medical imaging system of claim 24,
wherein said processor is further operative to adjust said
anatomical model to substantially approximate said ana-
tomical structure.

35. The diagnostic medical imaging system of claim 24,
wherein said anatomical model further comprises at least
one function capable of being performed by said diagnostic
medical imaging system in relation to said second feature,
said processor being further operative to apply said at least
one function to alter an operational state of said diagnostic
medical imaging system based on said anatomical model.

36. The diagnostic medical imaging system of claim 24,
wherein said processor is further operative to determine at
least one actual characteristic of said second feature corre-
sponding with said at least one expected characteristic
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utilizing said associated subset of said plurality of signals
and generate said control data to adjust said diagnostic
medical imaging system based on a deviation between said
at least one actual characteristic and said at least one
expected characteristic.

37. The diagnostic medical imaging system of claim 36,
wherein said processor is further operative to generate said
control data to adjust said diagnostic medical imaging
system to compensate for said deviation.

38. The diagnostic medical imaging system of claim 24,
wherein said diagnostic medical imaging system comprises
a diagnostic medical ultrasound system.

39. The diagnostic medical imaging system of claim 38,
wherein said emission comprises an ultrasonic echo received
by an ultrasound transducer from said subject in response to
transmission of acoustic energy into said portion of said
subject by said transducer.

40. The diagnostic medical imaging system of claim 39,
wherein said processor is further operative to manipulate
operation of said transducer.

41. The diagnostic medical imaging system of claim 24,
wherein said plurality of signals comprise an electrocardio-
gram.

42. The diagnostic medical imaging system of claim 24,
wherein said emission is emitted in response to transmission
of energy into said portion of said subject by said diagnostic
medical imaging system.

43. The diagnostic medical imaging system of claim 24,
further comprising a display coupled with said processor and
operative to display a representation of said plurality of
signals on a display coupled with said diagnostic medical
imaging system, and wherein said processor is further opera-
tive to augment said representation based on said control
data.

44. The diagnostic medical imaging system of claim 24,
wherein said second feature comprises a variable behavior,
said processor being operative to dynamically control said
operation of said diagnostic medical imaging system based
on said variable behavior.

45. The diagnostic medical imaging system of claim 24,
wherein said emission further comprises a first sub-emission
and a second sub-emission, said first sub-emission being
detected by said diagnostic medical imaging system when
said subject is in a first orientation and position relative to
said diagnostic medical imaging system and said second
sub-emission being detected by said diagnostic medical
imaging system when said subject is in a second orientation
and position relative to said diagnostic medical imaging
system, said second orientation and position being different
from said first orientation and position, said processor being
further operative to generate said control data so as to
normalize operation of said diagnostic medical imaging
system with respect to a first sub-set of said plurality of
signals corresponding to said first sub-emission with opera-
tion of said diagnostic medical imaging system with respect
to a second sub-set of said plurality of signals corresponding
to said second sub-emission.

46. The diagnostic medical imaging system of claim 45,
wherein said processor is further operative to substantially
simultaneously generate a display of a representation of said
first and second sub-emission in a coordinate system com-
mon to both said first and second positions and orientations.
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47. A diagnostic medical imaging system comprising:

receiving means for receiving a plurality of signals, each
of said plurality of signals having been derived from an
emission detected by said diagnostic medical imaging
system from a portion of a subject, said portion char-
acterized by a first feature comprehensible by said
diagnostic medical imaging system from at least one of
said plurality of signals and a second feature at least
partially incomprehensible by said diagnostic medical
imaging system from said plurality of signals, said first
and second features comprising first and second fea-
tures of at least one anatomical structure at least
partially present in said portion;

identifying means for identifying said first feature by said
diagnostic medical imaging system;

model means for providing an anatomical model, said
anatomical model comprising a substantial approxima-
tion of said second feature of said at least one anatomi-
cal structure, said anatomical model being comprehen-
sible by said diagnostic medical imaging system and
defining at least one expected characteristic of said
second feature;

processing means for associating a subset of said plurality
of signals with said anatomical model based on said
first feature, generating control data based on said
associating, and controlling operation of said diagnos-
tic medical imaging system as a function of said control
data.

48. A method for controlling operation of a diagnostic

medical ultrasound system, said method comprising:

receiving a plurality of signals, each of said plurality of
signals having been derived from an ultrasonic echo
received by an ultrasound transducer from a portion of
a subject in response to transmission of acoustic energy
into said portion by said transducer;

identifying a feature of at least one anatomical structure at
least partially present within said portion based on at
least one of said plurality of signals;

initiating, automatically, an imaging mode of said diag-
nostic medical ultrasound system based on said iden-
tified feature.
49. A method for controlling operation of a diagnostic
medical ultrasound system, said method comprising:

receiving a plurality of signals, each of said plurality of
signals having been derived from an ultrasonic echo
received by an ultrasound transducer from a portion of
a subject in response to transmission of acoustic energy
into said portion by said transducer;

identifying a feature of at least one anatomical structure at
least partially present within said portion based on at
least one of said plurality of signals;

configuring, automatically, a set of operating parameters
to control operation of said diagnostic medical ultra-
sound system based on said identified feature.
50. A method for controlling operation of a diagnostic
medical ultrasound system, said method comprising:

receiving a plurality of signals, each of said plurality of
signals having been derived from an ultrasonic echo
received by an ultrasound transducer from a portion of
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a subject in response to transmission of acoustic energy guiding, automatically, an operator of said diagnostic
into said portion by said transducer; medical ultrasound system through a plurality of
identifying a feature of at least one anatomical structure at zi(rimmatlon procedures based on said identified fea-

least partially present within said portion based on at
least one of said plurality of signals; X ok % k&
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