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ROBOTIC ULTRASOUND SYSTEM WITH MICROADJUSTMENT AND
POSITIONING CONTROL USING FEEDBACK RESPONSIVE TO ACQUIRED
IMAGE DATA

The present disclosure is directed to medical diagnostic imaging systems and methods and,
more particularly, to systems and methods for moving and controlling the motion of a transducer
during ultrasound examinations.

One of the attributes of a good sonographer is the ability to “micromanipulate” the position
and spatial orientation of the ultrasound transducer to ensure an optimal signal, be it for gray scale
imaging, color flow, spectral Doppler, or any traditional or modern imaging application. Some
ultrasound imaging applications, however, can present particular challenges. For example, and as
illustrated in FIG. 1, acquiring anatomic and flow data from the peripheral vasculature of a limb by
means of an externally-manipulated transducer can be quite laborious. Various tasks involved with
such a procedure, such as, for example, spatially orienting and reorienting the transducer as
necessary with respect to the limb and the particular bodily structure under, applying an appropriate
level of force when pressing the transducer against the skin and underlying tissue of the limb, and
translating the transducer along the length of the limb along a unique path defined by the particular
bodily structure under examination, are commonly performed manually by the use of a hand-held
transducer head, putting the skills and talents of even the very best technicians to the test.

Despite efforts to date, a need remains for ultrasound data collection and manipulation
solutions that are effective to enhance the quality and/or efficiency of ultrasound examinations,
and/or to assist sonographers in conducting such examinations. These and other needs are satisfied
by the disclosed systems and methods, as will be apparent from the description which follows.

In accordance with exemplary embodiments of the present disclosure, an imaging system is
disclosed. The imaging system includes a diagnostic ultrasound front end module, the front end
module including a transducer, a robotic armature, and a controller electrically coupled to each of
the front end module and the robotic armature. The controller is configured to employ the robotic
armature to move the transducer relative to an anatomical structure, including wherein the
controller is operable in a feedback control mode to detect key attributes in an acquired image or
data set received from the front end module, calculate a desired adjustment to the position of the
transducer based on the key attributes detection, and employ the robotic armature to apply the
desired position adjustment. The system may also include a user control electrically coupled to the

controller, the user control being configured to permit a user to operate the robotic armature using
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haptic feedback. The controller may incorporate a feedback control mechanism that applies large
translations of the transducer to follow anatomy detected via image analysis, applies small
translations of the transducer in direct response to the detected key attributes, and/or applies small
translations of the transducer via small perturbations away from a predefined position. The
controller may further incorporate beamforming control, coarse and fine control of a robotic
armature using haptic feedback., and/or applied force sensing and a feedback to modulate a force
applied by the robotic armature to the patient via the transducer. The robotic armature may include
an integrated force sensor electrically coupled to the controller and used to orient and place the
transducer on or within the patient. The system may further include a diagnostic imaging system
back end module electrically coupled to the controller and including a user interface, and/or a
scanning control interface processor electrically coupled to the front end module, the controller, and
the back end module.

In accordance with exemplary embodiments of the present disclosure, a method for
adjusting the position of a transducer with respect to an anatomical structure is disclosed. The
method includes using the transducer to acquire an image or a data set corresponding to the
anatomical structure, detecting key attributes in the acquired image or data set, calculating a desired
adjustment to the position of the transducer based on the key attributes detection, and repositioning
the transducer in accordance with the desired adjustment. Repositioning the transducer in
accordance with the desired adjustment may include employing a robotic armature to so reposition
the transducer, applying large translations of the transducer to follow anatomy detected via image
analysis, applying small translations of the transducer in direct response to the detected key
attributes, and/or applying small translations of the transducer via small perturbations away from a
predefined position.

Additional features, functions and benefits of the disclosed systems and methods will
be apparent from the description which follows, particularly when read in conjunction with
the appended figures.

To assist those of skill in the art in making and using the disclosed systems and
methods for rendering an ultrasound volume, reference is made to the accompanying figures,
wherein:

FIGURE 1 illustrates a prior art arrangement for using an externally-manipulated

transducer to acquiring anatomic and flow data from the peripheral vasculature of a limb;
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FIGURE 2 illustrates an image acquisition system in accordance with embodiments
of the present disclosure; and

FIGURE 3 illustrates an ultrasound system in accordance with embodiments of the
present disclosure.

In accordance with exemplary embodiments of the present disclosure, an arrangement
of components constituting an enhanced ultrasonic imaging system is provided. Such an
arrangement takes advantage of the flexibility of translation and the precision of movement
offered by a robotic armature to enhance the repeatability, reliability, and speed of ultrasound
examinations, and to reduce the level of skill and/or manual dexterity required of
sonographers conducting such examinations. Other benefits may include providing the
ability to conduct ultrasound examinations remotely.

The present disclosure sets forth technology cooperative with that set forth within
two additional Philips-owned invention disclosures. One such disclosure was incorporated
in nonprovisional U.S. Patent Application Serial No. 10/536,642 entitled “Segmentation
Tool For Identifying Flow Regions In An Image System”, which application was published
by the USPTO on May 11, 2006 as U.S. Patent Application Publication No. US
2006/0098853. (A full copy of this publication is included as part of the present disclosure
(see Appendix I below).) In U.S. Patent Application Publication No. US 2006/0098853, the
inventors describe, inter alia, a means of first identifying a region where flow is present and
then automatically identifying a region in which to target spectral Doppler data acquisition
by appropriate steering of the acoustic beamforming within the field of view ofa 2 or 3D
region. With respect to the other such disclosure, which is not yet filed as a patent
application but is tentatively entitled “Haptic Feedback Control Of Robotic Armature for
Ultrasound Scanning”, the inventor describes a means of remotely controlling a robotic arm
to manipulate the placement of a transducer in response to applied force using a haptic
control interface.

As indicated above, a good sonographer is capable of “micromanipulating” the
position and orientation of the ultrasound transducer to ensure an optimal signal for gray
scale, color flow or spectral Doppler, among other imaging applications. In accordance with
the present disclosure, this ability may be automated or semi-automated in at least some
instances via the use of a robotic arm for translating, orienting, reorienting and/or otherwise

manipulating the transducer, including wherein the robotic arm accomplishes such transducer
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manipulation in response to one or both of human operator commands and computer-based
algorithmic control.

Turning now to FIG. 2, an image acquisition system is set forth in accordance with
embodiments of the present disclosure including a transducer, and a robotic arm and control
feedback mechanism used to keep the transducer in contact with a patient’s limb and
centrally placed on a vessel lumen, and to translate the transducer along the length of the
limb to an extent necessary to capture the desired image data. In accordance with at least
some embodiments of the present disclosure, the translation of the transducer along the limb
may be in response to a continuous input from the sonographer/technician. In accordance
with at least some other embodiments, the translation of the transducer along the limb may
be more fully automated, whereby the sonographer/technician initiates the scan and then
monitors its progress.

The control system may incorporate edge detection of the blood vessel lumen and
apply appropriate positional corrections to ensure that the transducer remains centrally
positioned. In exams of this kind, it is common practice to acquire spectral Doppler data at
key locations such as around points where the vessel bifurcates, or in the location of an
athlosclerotic plaque. Such locations can be automatically detected both by computer aided
analysis of the gray scale anatomic data as well as the detection of turbulence and velocity
parameters present in the color flow data. Automatic placement of a Doppler sample volume
and automatic collection around that position may then be facilitated by a combination of
micro positioning the transducer using the robotic arm and adjustment of the beamforming
(see U.S. Patent Application Publication No. US 2006/0098853, a copy of which is set forth
herein as Appendix I). In accordance with embodiments of the present disclosure, such a
capability is further enabled via the transducer and ultrasound system is equipped to acquire
three-dimensional (3D) image data.

Referring to FIG. 3, an ultrasound system is illustrated in accordance with
embodiments of the present disclosure. The system may include one or more, or all, of the
following components: 1.) a diagnostic ultrasound system “front end”, including transducer;
2.) a robotic armature with integrated force sensors used to orient and place the imaging
transducer on or within the patient; 3.) a user control for the robotic armature that uses haptic
feedback; 4.) a control system that detects key attributes in an acquired image (or data set)

and: a.) incorporates a feedback control mechanism that applies large translations of the
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transducer to follow anatomy detected via image analysis, b.) incorporates a feedback control
system that applies small translations of the transducer either in direct response to the
detected attributes or via small perturbations away from a user defined position, c.)
incorporates beamforming control as disclosed in U.S. Patent Application Publication No.
U.S. 20060098853, d.) incorporates coarse and fine control of a robotic armature using
haptic feedback, and/or e.) incorporates applied force sensing and a feedback to modulate the
force applied to the patient via the transducer; 5.) a diagnostic ultrasound system “back end”;
and/or 6.) a scanning control interface processor.

The systems and methods of the present disclosure are particularly useful for
acquiring, processing, and/or using as feedback for transducer motion control, ultrasound
image data. However, the disclosed systems and methods are susceptible to many variations
and alternative applications, without departing from the spirit or scope of the present

disclosure.
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SEGMENTATION TOOL FOR IDENTIFYING
FLOW REGIONS IN AN IMAGE SYSTEM

[6001] The prosent invention relates generally to ulira-
sound imaging systems, and more particularly relates to a
system and method for optimizing an ultrasound imaging
pProcess.

[0002] Thanks to an ongoing series of technological
advances; diagnestic ultrasound remains one of today’s most
important medical tools. Since the mid-1960’s, contimous
advances have improved the clinical value of ultrasound,
expanding its capabilities, accuracy, and ease of use. Recent
advances, such as real-time 3D imaging can be used to
collect important details, such as blood flow and other
moeticn data, during a relatively short exam. This type af data
is particularly useful in arcas such as cardiology, where an
abnormality in the flow of blood thronghout the heart may
he an indicator of heart disease.

[0603] Unfortunately, because ultrasound data is collected
nsing sownd wavos, it is subject to the physical limnitations of
the speed of sound in tissue, Specifically, uitrasound data is
acquired with a transducer that transmits an agoustic pulse
along a look direction or line; and then listens for echoes
along the same line. Received echo information gathered
from a set of adjacent lines can be processed and used, for
instance, to form an image that can be displayed on a
monitor. Depending on the particular implementation, the
nuniber and density of the Hnes will vary. In the case of a
two-dimensional (2D) image the lines form a frame, and in
the-case of a three-dimensional (3D) image the lines form a
volume. Because. nltrasound information is typically dis-
played in real-time as a series of frames or volumes, the iime
it takes to form an image (i.e., frame or volume) is critical
for many applications. Specifically, if the time is too great,
the frame rate or volume rate may be tog slow for ultrascund
imaging of meving tissue (for example, blood or fetal
anatomy).

[0004] Color flow Deppler, which generates a color image
that indicates velocity and direction of any flow within an
image, is particularly susceptible t¢ the above-mentioned
problems. Motion is detected by analyzing differences in the
received echo signal for multiple received echo lines formed
along the same axis. This type of data can provide important
analytical inforimatien, including bloed How velaeity, regur-
gitation, etc. However, since the detection of flow along each
look line requires the use of multiple transmit/receive
cycles, the use of color flow Doppler significantly increases
the tme it takes to form an image, and thereby furdier
reduces the frame or image rate: As such, the acquisition of
calor flow Doppler data throughout an entire image volume
is not practical in many clinical contexts because of the
substantial degradation in the acquisition rate due to the
number of transmit/receive cycles required to obtain Dop-
pler phase shift information.

[0005] Tfthe flame rate is too slow the resulting ultrasound
image may misreprescitt the physiological condition hy
itroducing imaging artifacts and distortions. Accordingly,
{or some applications involving calor flow Doppler, such as
analyzing regurgiteat flow through the mitral valve of the
heart, the side effects of ai inadequate image rate may limit
the diagrostic performance of the ultrasound imager:

[6006] Another proposed application for ultrasound that is
also adversely affected by the physical limitation of the
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speed of sound in tissue is the acquisition of data for
subsequent off-line or retrospective analysis. In this sce-
nario, sufficient ulrasound data is acquired fram a region
within the patient s¢ that a subsequent diagrosis may be
made from that data, The benefits of such an approach are
several-fold. In one case, the attending clinician need only
locate the gerieral region of interest, such as the patient’s
heart, from which to acquire ultrasound data, With the use of
an vltrasound scanner capable of acquiring data from a 3D
volume; the clinician performing the diagnosis may then
navigate through: the acquired data to obtain the specific
components of the data required to form a diagnosis. In this
fashion, the time reqoired to acquire data from the patient is
minimized by allowing the diagnosis to take place after the
exam, rather than during the exam. This approach allows the
diagnosing clinician. to perform their diagaestic function
both at a different time and a different location from the
examination of the patient. Furthermore it is possible to
employ an attending clinician with a lesser skill set than
would be required were the diagnosis to be performed
during the exam. The use of this approach requires. that all
the data required to form a diagnosis be asquired during the
eXdrn.

[0007] One important component of many exams. is the
acquisition of flow data from potentially diseased portions o
the anatomy being imaged. Detection of such & region may
he accomplished using an algorithim within the uitrasound
scanner ihat detects blood Sow conditions that correspond (o
the anatomy and physiology of interest. An example of this
is.the common finding of mitral valve regurgitation that has
a common color flow Dappler signature. Once such a region
has been identificd using such an ultrasound scanner based
algorithm, the ultrasonnd scanner can auteriatically be made
to perform a specialized acquisition such as continuous
(CW) or pulsed wave (PW}) Doppler.

[0008] This application, which has been proposed in the
field of cardiology, seeks to obtain spectral Doppler data and
grayscale echo data from a patient’s heart in a short period
of time (e:g:, several heart cycles), and then store the data for
later analysis. Such a system wonld capture data from all
relevant regions of interest, such as blood flow velocily at
the mitral valve. Because a physician would not view the
nfornation untila later time, the examination time could he
greatly rodnced. Unfortunately, the application of spectral
Doppler to collect data for an entire volume is impractical
since, for instance, the placement of the Doppler sample
volume (i.e. the point.at which the Doppler data is acquired)
is highly specific.

[0009] Oge solution is to allow the technician to selec-
tively identify the placement of the Doppler sample volume
at various points of interest, and then collest data from only
those points. However, such a process is limited to the
techrician’s ability to accurately place the Doppler sample
volume, If the technician fails to precisely capture the point
of interest, the resulis. would nat be known until a later time
when an off-line analysis took place, and the test would have
to be rescheduled.

[0010] Nonetheless, significant potential bensfits exist for
advaiced nitrasound téchaiques such as real-time color flow
Deppler and spectral Doppler. However, until the above-
mentioned limitations arc addressed, the:use of advanced
ultrasound techniques will be restricted.
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[0611} The present invention addresses the above-men-
tioned problems, as well as othiers, by providing an ultra-
sound system that antornatically identifies regions of inter-
cst, namely those that include tissue motion or bload flow.
Once the region of interest is identified, an advanced ulra-
sound modality, such as color flow Dappler or spectral
Deppler can be effectively applied to the region of inferest
to achieve a desired resuit.

{0012] In a first aspect, the invention provides a method a
method of eapturing an image using an ultrasound system,
comprising: surveying the image to collect motion data;
analyzing, the motion data to identify a flow in the image;
and scanning a limited region of the image containing the
flow with & flow imaging technique.

f0013] In a second aspect, the invention provides an
ultrasound system, corprising: -a survey system for collect-
ing motion data from a larget image; a segmentation system
for mapping a region of flow within the image based on the
motion data; and a How acquisition system that automati-
cally limits the collection. of flow iraage datz within the
image lo the region of fow.

[0014] In a third aspect, the invention provides an ultra-
sound system that includes a segmentation tool for segment-
ing an image into.a flow and a non-flow region, comprising:
a system for performing a survey of the image, wherein the
survey collects a sample of motion data; and a system that
analyzes the sample of motion data to separately identify the
flow region and the pon-flow region within the image.

{0018] In a fourth aspect, the invention provides a pro-
gram product stored on a recordable medivm for optimizing
ultrgsound data, comprising: ‘means for receiving survey
data representative of motion in a volume of ultrasound data;
means for mapping the survey data into a motion map that
indicates flow and non-flow regions; and means for limiting
the collection of flow data to the flow regions.

[0016] 1In a fifth aspect, the invention provides an ultra-
sound method for performing a retrospective analysis, com-
prising: surveying an image to identify a point of interest;
obtaining an acquisition volume of spectral data from the
image, wherein the acquisition volume includes at least one
sample volume encompassing the point of interest; saving
the spectral data from the acquisition volume, wherein the
spectral data includes phase information; and retrospectively
analyzing the saved spectral data.

[0017] These and other features of this invention will be
more readily understood jrom the following detailed
description of the various aspects of the invention taken in
canjunction with the accompanying drawings in which:
[0018] FIG. 1 depicts an ultrasound system in accordance
with the present invention,

[0019] FIG. 2 depicts a volume containing a vessel having
a flow and non-flow region.

[0020] FIG. 3 depicts a volume containing a heart.

[0021] FIG.4 depicts 2 volume cuntaining a heart wherein
the miiral valve has been automalically defected and imaped
with & scan line in accordance with the present invention.

[0022]) FIG.S depicts a volume confaining a heart wherein
the mitral valve has been automatically detected and imaged
with a multi-line scan beam in accordance with the present
invention,

PCT/IB2008/055151
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System Overview

[0023] Referring now to the drawings, FIG: 1 depicts an
ulirasound ‘system 10 for imaging a target volume 32, and
‘more specifically allows for the application of an ultrasound
modality 10 a region of interest (ROI) 33 in the targef volume
32. In the embodiments described herein, the applications
generally provide some type of “flow” imaging for collect-
ing color flow data, and include calor flow Doppler and
spectral Doppler. However, any other type of uitrasound
modality could likéwise be wtilized, ¢.g., B-FLOW™, time
domain correlation, speckle tracking, strain imaging, other
Doppler techridques etc., and canbe implemented in manners
not described herein. It should be understood that the present
invention uses the term “flow™ to- deseribe -any. type of
movement, inciuding blood flow, tissue mation, target
moation, ete., and the specific use of such terms herein ave not
intended to limit the scope of the invention.

[0024] The present invention facilitates the use-of ultra-
sound modalities, including spectral Doppler and color flow
Doppler, by first sagmenting the target volume 32 into flow
and non-flow regions. To achieve this, ultrasound system 10
is provided with a survey system 12, a segmentation system
18, and one or more applications 26. Ultrasound system 10
acquites wlrasound data from image 32 using an imaging
acquisitioil system 11, Imaging acquisition systemn 11 may
include any mechanisms known in the art for collecting and
processing altrasound data; such as one or more transducers,
related hardware, software, input devices, monitor; ete. In
addition, nltrascund system may create an output 34. Qutput
34 may include, for instance, a stream of inages that can be
viewed in real-time, an electronic/digital file for storing
image data that, e.g,, allows a physician to retrospectively
study the scanned image, etc. Images may be collected
and/or processed as a 2D slice (i.¢., frame) or a 3D volume,
and the concepts described hercin are applicable to both.

{8025] As noted above, it is often the case that a target
volume 32 being scanned will have one or more specific
regions of interest 33, e.g., the mitral valve in the heart, the
wall of the aortd, some other important vasenlarity, a point,
eatc. However, given the limitations mentioned above, it may
be impractical to scan the entire volume 32 using an imaging
technique such as color flow Doppler or speciral Doppler.
Becanse the region of interest 33 typically invalves some
motion or flow, the present invention automatically seg-
ments e flow region(s) from the ron-flow wgion(s). The
regions may be segmented in any shape or volume, includ-
inig, but not limited to, a 3D pie slice, & cube, an atbitrary
shape, a collection of shapes, etc. Once the Qow region is
identified, a. flow imaging technique can be resirictively
applied to'the regions of interest.

[0026] To implement the above, ultrasound system 10 of
the present invention includes a swrvey system 12 that
“surveys” the volume to_collect motion data. Survey system
12 ean be implemented in-any manner to collect any type of
“survey” data that can help indicate a region of interest 33,
namely, moticn or flow. Onee identified, a segmentation
system 18 may be implemented to store the information in
a motion map 20 that delineates the flow regions 22 from the
non-flow regions 24. This information can thei be used by
one or mote applications 25, as described in further detail
below. While the present invention iy gencrally deseribed in
terms of identifying motion or flow, the invention may be
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implemented in terms of detecting the absence of motion or
flow, and such an embodiment is believed to fall within the
scope of the fuvention.

{0027} Real-time Flow Imaging

[0028] As noted above, the ability to effectively collect
and display real-time flow imaging data, such as color flow
Doppler data, is limited by a minimun acquisition frame or
volume rate (e.g., 15-100 Hz) needed to adequately sample
the physiology. However, such a required rate of acquisition
may be unachiévable if an entire image is scanned using
flow imaging, For instance, consider the volume 32 depicted
in FIG. 2. Volume 32 generally camprises a flow region 42,
and a non-flow region 44, The flow region 42 comprises a
vessel, eg., a carotid artery, while the non-flow region
comprises, e.g., muscle; fat, congective tissue, etc. If the
entire image were scanned using color flow Doppler, which
requires an ensemble of transmit/receive cycles {(e.g., 5-12)
for each line, an effective frame rate could not be maintained
and aliasing errors and the like could beintroduced into the
display. Thus, accurate information regarding the velocity
and direction of the blood flow throngh the vessel could not
be obtained.

[082Y] 1o overcome this, the present invention frst seg-
ments the image inte flow and non-flow regions, and then
limits the wse of flow imaging to the Jow regions, ie., a
region of interest. Using the ultrasound system 10 depicted
in FEG. 1, survey system 12 is first applied to coliect
“motion” data to help indicate motion or flow. It should be
recognized that any type of data indicative of motion could
be collected. In one exemplary embodiment, a color flow
Doppler sampling system 14 is provided that collects color
flow data from the entire volume 32 at some predetermined
time interval, e.g., every nth frame: In another exemplary
embodiment, a contour analysis systeii 16 may be imple«
mented 1o identify a feature (e.g., a mitral valve) around or
through which flow or motion is typical. U.S. Pat. No.
6,447,453, which is hereliy incorporated by reference, dis-
closes such a system. In this case, the motien data may
cemprise one or more identified contours ‘or patterns within
the image.

[0030] Once collected, the motion data is analyzed by
segmentation system 18 to specifically identify which
regions within volume 32 contain flow. The presence of flow
can be identified in any known manner. For instance; con-
ventional color flow techniques can be used to determine
velocities within air image, and a velocity threshold can be
established that separates flow from non-flow regions. Alter
natively, the power of an image sighal can be analyzed to
identify a flow, and a power threshold can be cstablished that
separates flow from non-flow regions. Purther, in the ease of
a conlour analysis system 16, segmentation system 18 may
include a pattern recognition system, Thus, cértain identified
contours can be recognized as being associated with flow,
while others can be recognized as being associated with
non-flow.

[0031] Segmentation system 18 may generate a motion
map 20 in the form of a 2D frame or 3D volume that
indicates flow regions 22 and non-flow regions 24. This
motion map 20 can then be utilized by various applications
25, In this cxemplary application, the motion map can be
utilized by the flow imaging acqnisition system 26 to restrict
flow imaging to the identified region(s) of interest 33 within
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the volume 32. The non-flow portion of the image can be
scanned with: standard grayscale imaging.

[6032] In one exemplary embodiment, flow acquisition
systent 26 may include a control system 27 that tells the
image acquisition system 11 to use color flow Doppler
scanuing only for the region(s) of interest 33 within image
32 and grayscale for the non-flow regions, Control systemn
27 may, for example, comprise a system for automatically
setting a focal zone position based on the color flow data and
a system for automatically setting an image depth based
upon the location of a peak motion signal within the color
data to limit the collection of high-density data to. the region
of interest 33. While this embodiment is described with
reference 1o color flow Doppler scanning, any imaging
technique may be uiilized, e.g., color, B-FLOW, power
motion imaging, tissue Doppler imaging, pulse wave, con-
tinuous wave, etc. Because flow data collection is limited to
a relatively small region of interest 33, real-time 20} or 3D
color imaging for that specific region cawr be effectively
achieved, (i.c., an adequate acquisition rate can be main-
tained).

[0033] Flow acquisition system 26 can adjust a set-of
acquisition parameters to effectively scan the region of
interest 33, Such parameters may include, e.g., b-mode line
densities, color flow Iine densitics, pulse repetition fre-
quency, and ensemble length.

[0034] As is evident, survey system 12 is only concerned
with detecting the presesice of mation, as opposed to, e.g.,
makitig an accurate estimate-of velotity. In one enibadiment,
survey system could bé implemented utilizing: (1) & rela-
tively low sampling of the-spatial frequencies present in the
image 32; (2) a relatively low density ol scan lines (L.e.; lines
per millimeter or degree) relative to what-would be typical
to form an image; and/er (3) 2 lower than normal ensemble
or nuriber of transmit/receive cycles per line (e.g., 2 or 3).
Accordingly, siirvey system 12 may generally utilize a
relatively non-quantitative analysis, whose properties would
potentially be inadequate for clinical flow imeging.

[0035] Alcrmatively, survey system 12 could utilize a very
high spatial density scan and/or Ligh sensifivity scan as a
means for collecting rotion data. While such 2 pracess
would take additional time, it would only need. to be done
once {or relatively infrequently) to accurately capiure the
fiow fields within an image.

[6036] Control systern 27 may also include a tracking
systerm that allows the survey system 18 to automatically
re-survey the image every so often in & continzous mode to
account for movement of the thing being imaged, movement
of the transducer, etc. Thus, real-time adjustments could be
made, €.g., évery nth frame, to ensure proper tracking of the
flow and non-flow regions, Alternatively, 4 one-button push
system could be utilized to allow the techaician fo manaally
decide when motion data was to be collected.

[0037] Furthermore, once the target volume 32 has been
segmented, further imaging may- be applied more specifi-
cally to, for example, image the general non-flow region
with standard b-mode scanning and the vascular flow region
with targeted color flow. The net result of this approach isa
substantial improvement in frame rate. Addidonally, the
viewable image henefits from reduced transmission of
unnecessary flow pulses and the user benefits from an
automatic isolation of the flow region.
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[0038] A further application for using the segmented data
may comprise a plaque/clutter analysis system 28 that
autornatically adjusts the gain of the imaging acquisition
systern 11. In imaging vessels with some low level echoes,
it would be advantagecus to deternine whether such echoes
stem from soft plaque, or from clutter (i.e., reverb). If the
echoes stem from plaque, it would be useful to automatically
increase the 2D gain to make the plaque more visible. On the
other hand, if the low level echoes stem from clutter, it
would be useful to. automatically reduce the overall gain.
Using anly gray-scale data, it is difficult 1o detcrmine the
nature of these low level echaes.

[0039} To address this, the present invention provides a
plague/cluiter analysis system 28. For distingnishing plaque
from clutter when low level echoes are present in vessel
interiors, the motion signals present in the same locaticns as
the low level echoes can be analyzed. If there is no flow
signal, the low level echoes are likely to be plaque, and an
increase i gain is implemented to highlight those echoes.
Alternately, if flow is present where the Jow level echoes
exist, the echoes are likely to be clutter or reverb, and a
reduction in gain is then automatically propagated to achieve
automatic clutter suppression.

{00407 Furthermore, the segmented data may be wiilized
by any other imaging optimizations 30, For instance, in
areas like vascular imaging, where the object of interest is a
vessel whose interior 13 anechoic, ultrasound systems tend to
key off the surrounding musculature. This means that, while
the muscle liyers became appropiiately gained, the walls of
the vessels become either over-gained o under-gained.
Furthermore, in over-gained situations, chuiter is introduced
into the fumen. The sonographer typically does not care
about the presentation of the musculaturce but focuses only
on the vessel walls and interior. In this instance, the map 20
can he used to define a tight region of interest, centered
around the vessel, on the regular 2D frame that may be input
to an optimization algorithm. When the optimization works
on this tight region, echoes from outside muscle layers
beyond the vessels can be excluded, hence reducing the
instances where the bright or dark echoes from the muscu-
lature inappropriately mfluence the optimization of the 2D
echoes in the vessel walls and interior.

[0041] Reirospective Analysis

[00642] As opted above, an important potential application
of retrospective analysis involves fields such as cardiology,
where the challenge is to accurately acqnire data, such as
spectral Doppler data around the valves of the heart. As
noted above, in order to retrospectively analyze collected
spectral Doppler data, it is critical that the sample volume be
placed at a point of interést so that the data of interest.can
be accurately and precisely captured, e.g., a typical Doppler
sample volume is 1 mm in diameter and 3 mm long. This
process is typically done during a lengthy exam, because e
placement of the sample volume is specific to the valve
being studied and is also specific tothe patieint An exemplary
embodiment of an application utilizing retrospective analy-
sis is further described with reference to FIGS, 3-8, which
depict a scan of a heart 40 within a 3D velume 62.

[6043] The present invention utilizes the concepts
described above to automatically implement the proeess of
collecting a sample volume of spectral Doppler data for
retrospective analysis. To achieve this, survey system 12 of
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ultrasound system 10 is utilized to collect motion data, Once
collected, segmeniation system. 18 can specifically identify
and map flow locations, namely, the point of interest.
Finally, the flow acquisition system 26 can be utilized 1o
obtain a-sample velume containing spectral Doppler data at
the point of interest, which can be stored for later analysis.

[0044] In one embodiment of the-invention, based on the
identification of a paint of interest, the look direction in the
volume acquisition is determined antomatically and spectral |
Doppler data is acquired axially along that look direction at
multiple ranges. In addition, the use of multi-line beam-
forming to provide multiple look directions, either around
the same point or potentially at arbitrary look directions. may
also be incorporated. To demonstrate this technique, FIG. 3
shows 4 heart 40 imaged as 2 volume 62 using real time
ultrasound imaging.

[0045] Typically, a technician acquires a series of 2D
images from various perspectives to help reconstruct in their
mind a 3D view. The goal for 3D is the full acquisition of a
sample volame in a relatively short time. However, therg is
no equivalent of 3D for spectral Doppler, which continues 1o
be an important part of an ultrasdund exam in cascs where
high flow sensitivily and temporal resolution are required.
Becange spectral Doppler consists of interrogaling (essen-
tially) a point in space, skill and time are required by the
technician to obtain specific data. The present invention
addresses this by aptomatically acquiring an “acquisition
volume™ of speetral Doppler data (inclnding phase informa-
tion) thal covers a larger region than & single point of
inlerest. This allows the lechnician to be less sildiful, and
still caplure the point of imerest within the acquisition
volume. Then, retrospectively, either the technician or con-
trol system 27 can identify the sample volume within the
acquisition velume and generate spectral Doppler for the
sample volume of interest One method for achieving this
invalves capturing the received data from several “range
gates” and analyzing each one independently to derive the
associated spectral data. Such a methodology is described in
U.8. Pat. No. 5,365,929, which is hereby lncorporated by
reference. Becanse the exact range/depth of the sample
volurme for which the spectral data is desired is uncertain,
data is captured pver a-wider range than wauld otherwise be
normal. The actual sdmple volime: can later be defined
retrospectively.

[0046] Inorderto determing the proper look direction, the
tegion of interest, e.g., a valve, must be automatically
identified. One method of identifying a valve is to use survey
system 12 o ideniify motion data as an area of high velocity
flow. This can be achieved with & 3D color Doppler image
that would generate a motion map 20 to indicate where flow
was oceniring, Another mettied, described above with ref-
erencete U.S. Pat. No. 6,447,453, utilizes a contour analysis
systern to.identify motion date, .., nsing pattern recogni-
tion te detest a mitral valve. Once identified, the look
direction -and range of the scan line can be awtomatically
determined by contro! system 27.

[0047] FIG. 4 shows a mitral valve 46 with a line of
acquisition 48 placed automatically. Note: that in this case,
data is acquired for an acquisition volume 50 that includes
the left ventricle and the left atrium o ensure that sufficient
data is available for retrospective analysis. Note also that ag
the heart moves as a function of the heart cycle, the location



WO 2009/074948

15

US 2006/0098853 Al

of the Doppler imaging line of sight can be répositioned
automatically by the fracking feature of control system 27.

[0048] In a further embodiment, the acquisition velume
for Doppler data can be expanded into a conical zone 52 by
the use of multi-line beamforming, as illustrated in FIG. 5.
Multi-line beamforming is a technique for receiving (focus-
ing and. steering) more than ope receive beam from one
transmit event (e.g., heam). Such a process is described in
U.S. Pat. No. 6,471,650 B2, which is hereby incorporated by
reference. In this case, a multi-line bundle (for example, 2x2
or 4x4) covers a finite value of interest around the orifice 46.
The acquisition would store the received data in such a
manner that the phiase information is preserved, for instance
the radio frequency data or busebanded 1Q datu elc.,
enabling a flexible retrospective review of the entire acqui-
sition valume.

[0049] Ttis understood that the systems, functions, mecha-
nisms, methods, and modules described berein canbe imple-
mented in hardware, software, or a combination of hardware
and software. They may be implemented by any type of
compuier syster or other apparatus adapted for carrying cut
the methods described herein. A fypical combination of
hardware and software could be a gencral-purpose computer
system with @ computer prograru that, when loaded -and
executed, controls the computer systern such that it carries
out the methods described herein. Alternatively, & specific
use computer, containing specialized hardware for carrying
outone or more of the functional tasks of the invention could
be utilized. The present invention can alsa be embedded in
a computer program product, which comprises all the fea-
tures enabling the implementation of the methods and func-
tions described herein, and which—when loaded in a com-
puter system-—is able to carry out these methods and
functions. Computer program, software program, program,
program product, or sofiware, in the present context mean
any expréssion, in any language, code or notation, of a set
of instructions intended to causs a system having an infor-
mation processing capability to perform a particnlar funetion
either directly or after either or both of the following: (a)
conversion to another language, cade or notation; and/or (b)
reproduction in a different material form.

[4050] The foregoing description of the preferred embodi-
menis of the invention has been presented: for purposes of
illustration and description. They are rot intended 1o be
exhaustive or to limit the invention to the precise form
disclosed, and obvionsly many modifications and variations
are possible in light of the above teachings. Such modifi-
cations aud variations that are apparent to a person skilled in
the art are intended to be included within e scope of this
invention as defined by the accompanying claims.

1. A method of capturing ad image using an ultrasound
system, comprising:

surveying the image 16 collect motion data;

analyzing the motion data to identify a flow in the image;
and
scanning a limited region of the image containing the flow
with a flow imaging technique.
2. The method of claim 1, wherein surveying step com-
prises the step of collecting a sample of color flow data.
3. The method of claim 2, wherein surveying step com-
prises the step of collecting contour data.
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4. The method of claim 1, wherein the analyzing step
generates a rmotion map. that identifies flow and non-flow
regions.

5, The method of ¢laim 1, wherein the flow imaging
technique includes a technique selected from the group
consisting of: color flow, time demain correlation, speckle
fracking, strain imaging, pulse wave Doppler, and continu-
ous wave Doppler.

6. The method of claim 1, wherein the flow is associated
with & valve in a heart.

7. The method of claim 1, wherein the flow indicates a
blood vessel.

8. The-method of elaim 1, wherein the scarming step uses
multi-line beamforming,.

9. The method ef claim 1, wherein the flow i3 periodically
tracked and the limited region of the image containing the
flow is sutomatically adjusted.

10. The method of claim 1, wherein the limited region for
acquisition is a region selected from the group consisting of
a 3D pie slice, a cube, an arbitrary shape, and a collection of
shapes.

11. The method of claim 1, wherein the scanning step
incliades adjusting a set of acquisition parameters selected
from the group consisting of b-mode line densities, color-
flow line densities, pulse repetition frequency, and ensemble
length.

12. An ultrasound system, coniprising:

a survey system for collecting motion data from a target
image;

a segmentation system for mapping 2 region of flow
within the image based on the motion data; and

a flow acguisition system that awtomatically limits the
collection of flow image data within the image to the
region of flow.

13. The uitrasound system of claim 12, wherein the

motion data comprises color: flow data.

14. The ulirasound system of claim 13, wherein the
motion data comprises contour data.

15. The ultrasound system of claim 12, wherein the flow
acquisition system collects data using an imaging technique
selected from the group consisting ofi color flow, time
domain correlation, speckle fracking, strain imaging, pulse
wave Doppler; and continuous wave Doppler.

16. The:ultrasound system of claim 12, wherein the flow
acquisition system uses malti-line beamforming,

17. The ultrasound system of claim 12, wherein the region
of flow is periodically tracked and. automatically adjusted.

18. The vitrasound systern of claim 12, wherein region of
flow s a regicn selected from the group donsisting of a 3D
pie slice, a cube, an arbitrary shape, and a collection of
shapes,

19. The ultrasound system of claim 12, wherein the flow
acquisition sysfem includes. a set of acquisition parameters
selected from the gronp consisting of: b-mode line densities,
colorflow line densifies, pulse repetition frequency, and
ensemble length.

20. An ultrasound system thar includes a segmentation
tool for segmenting an image into & flow and a non-flow
region, comprising:

a system for performing a survey of the image, wherein
the survey collects a sample of motion data; and
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a system that analyzes the sample of motion. data to
separately identify the flow region and the non-flow
region within the image.

21. The nltrasound system of claim 20, further comprising

a control system that auternatically. acquires image data from
the flow region using a flow image technigue.

22. The ultrasound system of claim 21, wherein the flow
Image teclinique is selected from the group consisting of:
color flow, time domain correlation, speckle tracking, strain
imaging, pulse wave Doppler, and continuous wave Dop-
pler.

23. The ultrasound system of claim 21, wherein the
control system includes:

a system for automatically setting a focai zone position
based on a location of the flow region; and

a system for attomatically setting an iinage depth based
upon the location of a peak motion signal within the
flow region,

24. The uitrasound system of claim 21, whereinn the

non-flow region is captured using grayscale data.

25. The ultrasound system of ¢laim 20, further comprising

a system that distinguishes plague from cluiter within a
sclected region by analyzing low level cchoes and an
amount of flow at the selected region.

26, The ultrasound system of claim 25, further ¢omprising

a system that automatically reduces an imaging gain at the
selected region based on the detection of clatter:

27. The ultrasound system of claim 23, further comprising

a system that automatically increases an imaging gain at the
selected region based on the detection of plague.

28. A program product stored an a recardable medium for

optimizing ultrasound data, comprising:

means for receiving survey data répresentative of motion
in a vohime of ultrasound data;

means for mapping the survey data into & motion map that
indicates flow and non-flow regios; and
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means for limiving the collection of flow data to the flow

regions.

29. The program product of claim 28, including further
means for coilecting grayscale data interspersed with flow
data.

30. The program product of claim 28, wherein the col-
lection of flow data is achieved with & technique selected
ftom the group cousisting of color flow, time domain
correlation, speckle tracking, sirain imaging, pulse wave
Deppler; and continuons. wave Doppler.

31. An vitrasound method for performing a refrospective
analysis, comprising:

surveying an image to identify 2 point of interest;

obtaining an acquisition volume of spectral Doppler data
from the image; wherein the acquisition veluine
includes at least one sample volume encompassing the
point of interest,

saving the spectral Doppler data from the acquisition
volume, wherein the speetral Doppler data includes
phase inforination; and

retrospectively analyzing the saved spectral Doppler data.

32. The method of claim 31, wherein the acyuisition
volume is obtained using a spectral Doppler technique
selected from the group consisting of: pulse wave Deppler
and continnous wave Deoppler,

33, The method of claim 31, wherein the image is
surveyed using color flow data,

34. The method of claim 31, wherein the image is
surveyed using contour data.

35. The method of claim 31, wherein the acguisition
volume is obtained using multi-line beamforming.
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CLAIMS
1. An imaging system, comprising:

a diagnostic ultrasound front end module, the front end module including a
transducer;

a robotic armature; and

a controller electrically coupled to each of the front end module and the
robotic armature, the controller being configured to employ the robotic armature to
move the transducer relative to an anatomical structure, including wherein the
controller is operable in a feedback control mode to detect key attributes in an
acquired image or data set received from the front end module, calculate a desired
adjustment to the position of the transducer based on the key attributes detection, and

employ the robotic armature to apply the desired position adjustment.

2. An imaging system in accordance with claim 1, further comprising a user control
electrically coupled to the controller, the user control being configured to permit a

user to operate the robotic armature using haptic feedback.

3. An imaging system in accordance with claim 1, wherein the controller incorporates a
feedback control mechanism that applies large translations of the transducer to follow

anatomy detected via image analysis.

4. An imaging system in accordance with claim 1, wherein the controller incorporates a
feedback control mechanism that applies small translations of the transducer in direct

response to the detected key attributes.

5. An imaging system in accordance with claim 1, wherein the controller incorporates a
feedback control mechanism that applies small translations of the transducer via

small perturbations away from a predefined position.

6. An imaging system in accordance with claim 1, wherein the controller incorporates

beamforming control.

7. An imaging system in accordance with claim 1, wherein the controller incorporates

coarse and fine control of a robotic armature using haptic feedback.
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An imaging system in accordance with claim 1, wherein the controller incorporates
applied force sensing and a feedback to modulate a force applied by the robotic

armature to the patient via the transducer.

An imaging system in accordance with claim 1, wherein the robotic armature includes
an integrated force sensor electrically coupled to the controller and used to orient and

place the transducer on or within the patient.

An imaging system in accordance with claim 1, further including a diagnostic
imaging system back end module electrically coupled to the controller and including

a user interface.

An imaging system in accordance with claim 10, further including a scanning control
interface processor electrically coupled to the front end module, the controller, and

the back end module.

An imaging system in accordance with claim 1, further including a scanning control

interface processor electrically coupled to the front end module and the controller.

A method for adjusting the position of a transducer with respect to an anatomical
structure, the method comprising:

using the transducer to acquire an image or a data set corresponding to the
anatomical structure;

detecting key attributes in the acquired image or data set;

calculating a desired adjustment to the position of the transducer based on the
key attributes detection; and

repositioning the transducer in accordance with the desired adjustment.

. A method for adjusting the position of a transducer in accordance with claim 13,

wherein repositioning the transducer in accordance with the desired adjustment

includes employing a robotic armature to so reposition the transducer.

A method for adjusting the position of a transducer in accordance with claim 13,
wherein repositioning the transducer in accordance with the desired adjustment
includes applying large translations of the transducer to follow anatomy detected via

image analysis.
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16. A method for adjusting the position of a transducer in accordance with claim 13,
wherein repositioning the transducer in accordance with the desired adjustment
includes applying small translations of the transducer in direct response to the

detected key attributes.

17. A method for adjusting the position of a transducer in accordance with claim 13,
wherein repositioning the transducer in accordance with the desired adjustment
includes applying small translations of the transducer via small perturbations away

from a predefined position.
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