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SYSTEMS AND METHODS FOR
CONTROLLING IMAGING ARTIFACTS
USING AN ARRAY OF SENSOR DATA

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application 62/479,774, filed Mar. 31, 2017,
and entitled “MRI Sensors” and U.S. Provisional Patent
Application 62/598,561, filed Dec. 14, 2017, and entitled
“Ultrasound-based Sensors and Active Needles for
Enhanced Medical Imaging and Therapy.”

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

[0002] N/A

BACKGROUND

[0003] Image artifacts remain a prevalent limiting factor in
a variety of imaging modalities, including magnetic reso-
nance imaging (MRI) and tomographic imaging systems,
such as positron emission tomography (PET) imaging sys-
tems, as well as other imaging systems. For example, in MRI
and many other such imaging systems, scans may last
several minutes, which presents an extended period during
which even small movements by the patient can result in
artifacts in the resulting images. As a result, in MRI alone,
countless efforts have been made to address various types of
patient motion, as well as other sources of errors, such as
eddy currents, and the like. Motion-related problems also
tend to plague other imaging modalities as well, such as PET
[0004] Many motion correction efforts in MRI have relied
upon special data acquisition or correction techniques using
the MRI data itself, such as using navigators or techniques
such as periodically rotated overlapping parallel lines with
enhanced reconstruction (PROPELLER). However, some
have attempted to use additional hardware to reduce or track
patient motion. Examples include respiratory bellows or
special, local motion-tracking coils. Thus, though avoiding
additional/special hardware in the bore of an MRI system
has often been preferred by many, such hardware systems
have often been limited to devices such as respiration-
monitoring belts, pulse oximeters, and electrocardiogram
(ECG) leads, to help synchronize data acquisition with
respiratory and cardiac motion. Other heavily researched
devices aimed at monitoring physiological motion include
digital stethoscopes, RF dosimeters, or Siemens’ BioMatrix
with an RF-based sensor in the patient table to detect
changes in lung volume. The environment around the patient
and the scanner itself can further be monitored in terms of
oxygen levels, cryogen temperature, hardware temperature,
transmitted/reflected power and dynamic electromagnetic
field variations, for example

[0005] With respect to cardiac imaging in particular, gen-
erating images that capture one or more specific cardiac
phase(s) requires the active monitoring of cardiac activity as
well as the synchronization of the imaging process to that
activity. The standard for monitoring cardiac activity during
cardiac imaging is electrocardiography (ECG), which senses
the heart muscle’s electrophysiological pattern using elec-
trodes placed on the skin. However, depending on patient
condition and scanner field strength, situations occur when
ECG monitoring may not be a viable option. For example,
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in patients with prominent T waves, MRI acquisition may
get erroneously triggered by T wave signals rather than by
R waves. Alternately, the strength of the captured ECG
signal may be impractically weak in some patients. Further-
more, ECG can get severely distorted due to the magneto-
hydrodynamic effect, especially at higher field strengths in
MRI. Proposed alternatives to ECG include pulse gating
which, although widely available, bears its own disadvan-
tages mainly caused by the time delay required for a pressure
wave to make its way from the heart to the hand. With
respect to respiration-related motion during imaging, scan-
ners are typically capable of adapting their acquisition
process in a manner that minimizes deleterious effects, given
they are provided with appropriate information about the
motion. Such information may typically come from one or
more respiratory bellows, navigator echoes and/or optical
tracking of body contours.

[0006] Although previous sensors have alleviated some of
the previous shortcomings present in imaging systems, there
remains a need for new sensor innovations capable of
improving image quality, particularly with respect to cor-
recting image artifacts.

SUMMARY OF THE DISCLOSURE

[0007] The present disclosure addresses the aforemen-
tioned drawbacks by providing a system of ultrasound
sensors capable of gathering anatomical information that can
be used to reduce image artifacts. A plurality of single-
element ultrasound sensors may be used to capture infor-
mation with high temporal resolution from different vantage
points on the body, which can be aggregated to provide
patient motion or other information for error correction in
data acquisition and reconstruction. This information can be
incorporated into the image reconstruction process, and as a
result, improve image quality.

[0008] In accordance with one aspect of the disclosure, a
system is provided for controlling against artifacts in medi-
cal imaging. The system includes an array of ultrasound
sensors, each ultrasound sensor in the array of ultrasound
sensors located at a variety of different spatial locations on
a subject being imaged by an imaging system configured to
generate medical imaging data and each ultrasound sensor
configured to receive ultrasound sensor data. The system
also includes a processor configured to receive the ultra-
sound sensor data from the array of ultrasound sensors,
multiplex the ultrasound sensor data, generate anatomical
information from the multiplexed ultrasound sensor data and
correlated to the imaging system, and deliver the anatomical
information to the imaging system in a form for use by the
imaging system to either acquire the imaging data using the
anatomical information or reconstruct the imaging data
using the anatomical information.

[0009] In accordance with another aspect of the disclo-
sure, a method is provided for controlling operation of an
imaging system to perform a medical imaging study. The
method includes receiving ultrasound sensor data acquired
using a plurality of multiplexed ultrasound sensors located at
a variety of different spatial locations on a subject during
performance of the medical imaging study using the medical
imaging system. The method also includes generating ana-
tomical information from the ultrasound sensor data and
using the anatomical information to improve images pro-
duced by the imaging system during the imaging study.
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[0010] In accordance with yet another aspect of the dis-
closure, a system is provided for real-time correction of
imaging artifacts in an imaging system. The system includes
an ultrasound sensor located on a torso of a subject and
configured to receive ultrasound sensor data, a complemen-
tary sensor located on the subject and configured to receive
complementary data, and a processor. The processor is
configured to generate anatomical information correlated to
an imaging system from the ultrasound sensor data and the
complementary data, wherein the anatomical data comprises
motion information of the subject. The processor is also
configured to deliver the anatomical information into the
imaging system to improve images produced by the imaging
system.

[0011] The foregoing and other aspects and advantages of
the present disclosure will appear from the following
description. In the description, reference is made to the
accompanying drawings that form a part hereof, and in
which there is shown by way of illustration a preferred
embodiment. This embodiment does not necessarily repre-
sent the full scope of the invention, however, and reference
is therefore made to the claims and herein for interpreting
the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 depicts a method flowchart of a method for
controlling imaging artifacts in an imaging system in accor-
dance with present disclosure.

[0013] FIG. 2 depicts a system for controlling imaging
artifacts in an imaging system in accordance with present
disclosure.

[0014] FIG. 3 depicts another system for controlling
against imaging artifacts in an imaging system in accordance
with present disclosure.

[0015] FIG. 4 depicts a block diagram of an example
magnetic resonance imaging (“MRI”) system that can
implement the systems and methods of the present disclo-
sure.

[0016] FIG. 5 depicts a block diagram of an example
positron emission tomography (“PET”) system that can
implement the systems and methods of the present disclo-
sure.

[0017] FIG. 6A is a series of images that depict an
experimental ultrasound sensor construction showing a
3D-printed holder designed to accommodate the transducer
and ultrasound gel.

[0018] FIG. 6B is a series of images that depict an
experimental ultrasound sensor construction showing a
3D-printed holder designed to accommodate the transducer
and ultrasound gel in an exploded view.

[0019] FIG. 6C is a series of images showing one side of
the sensor closed by a thin membrane that is substantially
transparent to ultrasound energy but capable of containing
the ultrasound gel.

[0020] FIG. 6D is a series of images showing the sensor of
FIG. 6C enclosed by twisting a lid, which was designed to
apply pressure on the transducer, thus pushing it onto the
skin.

[0021] FIG. 6F is an image showing a two-way tape that
allows the sensor of FIGS. 6C and 6D to be fixed onto the
skin.
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DETAILED DESCRIPTION

[0022] FIG. 1 depicts a method flowchart 100 of one
non-limiting example of a method for correction of imaging
data acquired using an imaging system. A first step includes
receiving ultrasound sensor data acquired using a plurality
of ultrasound sensors 101. As will be described, the plurality
of ultrasound sensors may be multiplexed. As used herein,
“multiplexing” may include processing the data from a
plurality of individual sensors to generate a common or
otherwise coherent set of data. For example, multiplexing
may include the combination of multiple signals into a
single transmission circuit or channel. For example, multi-
plexed sensors may have many sensors per connection line.
[0023] The next step may include generating anatomical
information correlated to an imaging system from the ultra-
sound sensor data 102. Then the next step may include
providing the anatomical information to the medical imag-
ing system or otherwise using the anatomical information to
improve images produced by the imaging system 103. In the
method, the ultrasound sensors may be located at a variety
of different spatial locations on a subject. Further, the
imaging system of the method may be an MRI scanner, a
PET scanner or an ultrasound imaging system, for example.
[0024] Although not depicted in FIG. 1, the method may
include a step of receiving complementary data. Such
complementary data may be acquired by a complementary
sensor, which may include one or more electrocardiogram
sensors or other, ultrasound or non-ultrasound sensors. With
this additional data present, the anatomical information may
be generated using both the non-ultrasound data and the
ultrasound sensor data. The anatomical information may
include cardiac cycle information of the subject. For
example, the anatomical information may provide heartbeat
frequency information to the imaging system. Regardless of
the particular data acquired, this anatomical information
may be provided in real-time while the imaging system is
imaging the subject in accordance with an imaging study by
the imaging system.

[0025] FIG. 2 depicts a system 200 for prevention of
imaging artifacts in an imaging system. The system is
illustrated as deployed into one non-limiting clinical appli-
cation related to an imaging study focused on the chest and,
more particular, a cardiac-related study. In this way, the
system 200 includes one or more ultrasound sensor(s) 204
located on a chest of a subject 202 and configured to receive
ultrasound sensor data. The sensors can be compact, about
3x3x1 cm in size, and facilitate rapid application to the
subject, such as by using a protective layer of tape that is
simply peeled and the sensor is applied to the skin. Further,
optional complementary sensors 206 may be included. The
complementary sensors may, as a non-limiting example
include electrocardiogram sensors, may be located at a
variety of locations on subject 202, and are configured to
receive complementary data. Electrically connected to the
ultrasound sensor(s) 204 is an ultrasound controller 208.
Electrically connected to the complementary sensors 206 is
a complementary controller 210. The ultrasound controller
208 and the complementary controller 210 are electrically
connected to a processor 212 and an imaging system 214.
The processor 212 is configured to generate anatomical
information correlated to the imaging system 214 from the
ultrasound sensor data and the complementary data, wherein
the anatomical data may comprise cardiac cycle information
or respiration-related information of the subject. Once the
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anatomical information is generated, the processor 212 may
deliver the anatomical information to the imaging system
214 in order to improve the resulting images created by the
imaging system 214, such as by preventing motion artifacts
that would otherwise be inherent in the imaging data
acquired by the imaging system 214.

[0026] Although depicted as separate components, the
ultrasound controller 208 and the complementary controller
210 may be located within the same housing, and may
likewise be combined with the processor 212. In such a
combined configuration, the ultrasound controller 208 and
complementary controller 210 may be considered compo-
nents of the processor 212. The ultrasound controller may
include an ultrasound pulser and receiver. The electrocar-
diograph controller may include components present within
a traditional ECG trigger box. The elements of the system
may alternatively be connected wirelessly. Further, as will
be explained, though the ultrasound sensors 204 are illus-
trated as multiple sensors, they may be replaced with or
reflect a single sensor 204.

[0027] Specifically, FIG. 3 depicts another system 300 for
real-time correction of imaging data acquired by an imaging
system. The system includes an array of multiplexed ultra-
sound sensors 304 located at a variety of different spatial
locations on a subject 302 and configured to receive ultra-
sound sensor data. Electrically connected to the ultrasound
sensor 304 is an ultrasound controller 308. The sensors may
be connected in parallel, as illustrated, or in series, as
illustrated with the optional, dashed lines. A processor 312
is configured to multiplex the ultrasound sensor data, gen-
erate anatomical information correlated to an imaging sys-
tem 314 from the multiplexed ultrasound sensor data, and
deliver the anatomical information into the imaging system
314 to control artifacts and improve images. Alternatively,
the anatomical or even raw imaging information may be
provided to an image reconstruction system that may be
separate from the imaging system 314.

[0028] Although depicted as a separate component, the
ultrasound controller 308 may be located within the same
housing as the processor 312. In such a combined configu-
ration, the ultrasound controller 308 may be considered a
component of the processor 312. The ultrasound controller
may include an ultrasound pulser and receiver. The elements
of the system may alternatively be connected wirelessly.
[0029] The system of FIG. 3 may also include one or more
complementary sensors configured to receive complemen-
tary data. Similar to FIG. 2, these complementary sensors
may be electrically connected to a complementary controller
which may be considered a component of the processor. The
complementary sensors may provide complementary data
which can be used with the multiplexed ultrasound sensor
data to generate the anatomical information.

[0030] Theultrasound sensors implemented in the systems
and methods described herein may be single-element ultra-
sound-based sensors, also referred to as ‘Organ Configura-
tion Motion’ (OCM) sensors, which may gather motion-
related information during MRI acquisitions. While
traditional ultrasound scanners generate ultrasound images,
OCM sensors do not generate images, but instead generate
a signal with a magnitude and phase that is sensitive to
motion and organ position. The beam measured by each of
these single-element ultrasound sensors may be unfocused
and reflected multiple times; however, focused ultrasound
may be used. Especially when using unfocused ultrasound,
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signals may come from a variety of directions and paths
within the subject. This unique characteristic can create a
richness and complexity of the OCM signals, making them
effective “code words” for 3D organ configuration. As
time-matched OCM signals and imaging system images are
acquired, correlations between the two can be used to correct
the acquired imaging data from the imaging system or to
control the imaging system to reduce or avoid acquiring data
that result in images having substantial artifacts, such as
motion artifacts.

[0031] Each ultrasound sensor may include an ultrasound
transducer capable of both transmitting and receiving ultra-
sound signals. Each of these transducers may be enclosed
within a sensor housing. Each ultrasound sensor may also
include an ultrasound gel. Fach ultrasound sensor may
include a membrane transparent to ultrasound energy but
capable of containing the ultrasound gel. Each ultrasound
sensor may include adhesive material for fixation onto the
skin. Each ultrasound sensor may also include a temperature
probe. The sensor housing may be 3D printed. The ultra-
sound sensors may be multiplexed. There may be multiple
signal lines connected to the ultrasound controller and the
processor, each signal line containing numerous multiplexed
US sensors.

[0032] The multiplexed ultrasound sensors may be located
at a variety of different spatial locations on the subject. For
example, these spatial locations may be on the head, neck,
chest, or stomach of the subject. The exact positioning of
each sensor depends on the intended region to be imaged,
and the type of artifacts to be controlled, such as to reduce
or present against. Bach ultrasound sensor may have a
minimum spatial distance of about 0.5, 1, 2, 3, 4, or 5 inches
from any adjacent sensor. The sensors may directly contact
the skin of the subject or indirectly contact the subject
through a media. The sensors may be adhesively attached to
the skin. The ultrasound sensors may be attached to a
substrate configured to maintain spatial distances between
each US sensor. For example, the sensors may be attached
to a fabric or garment. Although the anatomical information
is often described as relating to cardiac induced motion,
anatomical motion such as respiratory motion, bowel move-
ments, as well as other internal motion within the subject
may be measured.

[0033] The processor of the systems and methods
described herein may be configured to generate and input
anatomical information into the imaging system. The pro-
cessor may use a Bayesian, kernel density estimation, or
deep learning algorithm or comparable processing technique
to generate the anatomical information. The processor may
be small enough to fit into a 1 fix1 fix1 ft box or 2 0.5 fix0.5
ftx0.5 ft box. The processor may input the anatomical
information into the imaging system in a format that is
already used by the imaging system to process images. This
input format may vary depending on the maker of the
commercial imaging system.

[0034] The imaging system to which the anatomical infor-
mation is provided may be a magnetic resonance imaging or
tomographic imaging system. For example, the imaging
system may be a computed tomography (CT), positron
emission tomography (PET), or a single photon emission
computed tomography (SPECT) system. Also, the imaging
system may be part of an imaging system for performing a
therapy, such as radiation or particle or proton therapy.
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[0035] Referring particularly now to FIG. 4, an example of
a magnetic resonance imaging (“MR”) or nuclear magnetic
resonance (NMR) system 400 that can implement the sys-
tems and methods described herein is illustrated. The MR
system 400 includes an operator workstation 402 that may
include a display 404, one or more input devices 406 (e.g.,
a keyboard, a mouse), and a processor 408. The processor
408 may include a commercially available programmable
machine running a commercially available operating sys-
tem. The operator workstation 402 provides an operator
interface that facilitates entering scan parameters into the
MR system 400. The operator workstation 402 may be
coupled to different servers, including, for example, a pulse
sequence server 410, a data acquisition server 412, a data
processing server 414, and a data store server 416. The
operator workstation 402 and the servers 410, 412, 414, and
416 may be connected via a communication system 440,
which may include wired or wireless network connections.
[0036] The pulse sequence server 410 functions in
response to instructions provided by the operator worksta-
tion 402 to operate a gradient system 418 and a radiofre-
quency (“RF”) system 420. Gradient waveforms for per-
forming a prescribed scan are produced and applied to the
gradient system 418, which then excites gradient coils in an
assembly 422 to produce the magnetic field gradients G, G,,
and G, that are used for spatially encoding magnetic reso-
nance signals. The gradient coil assembly 422 forms part of
a magnet assembly 424 that includes a polarizing magnet
426 and a whole-body RF coil 428.

[0037] RF waveforms are applied by the RF system 420 to
the RF coil 428, or a separate local coil to perform the
prescribed magnetic resonance pulse sequence. Responsive
magnetic resonance signals detected by the RF coil 428, or
a separate local coil, are received by the RF system 420. The
responsive magnetic resonance signals may be amplified,
demodulated, filtered, and digitized under direction of com-
mands produced by the pulse sequence server 410. The RF
system 420 includes an RF transmitter for producing a wide
variety of RF pulses used in MR pulse sequences. The RF
transmitter is responsive to the prescribed scan and direction
from the pulse sequence server 410 to produce RF pulses of
the desired frequency, phase, and pulse amplitude wave-
form. The generated RF pulses may be applied to the
whole-body RF coil 428 or to one or more local coils or coil
arrays.

[0038] The RF system 420 also includes one or more RF
receiver channels. An RF receiver channel includes an RF
preamplifier that amplifies the magnetic resonance signal
received by the coil 428 to which it is connected, and a
detector that detects and digitizes the I and Q quadrature
components of the received magnetic resonance signal. The
magnitude of the received magnetic resonance signal may,
therefore, be determined at a sampled point by the square
root of the sum of the squares of the I and Q components:

MV (1;

[0039] and the phase of the received magnetic resonance
signal may also be determined according to the following
relationship:

- ®
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[0040] The pulse sequence server 410 may receive patient
data from a physiological acquisition controller 430. By way
of example, the physiological acquisition controller 430 may
receive signals from a number of different sensors connected
to the patient, including electrocardiograph (“ECG”) signals
from electrodes, or respiratory signals from a respiratory
bellows or other respiratory monitoring devices. These sig-
nals may be used by the pulse sequence server 410 to
synchronize, or “gate,” the performance of the scan with the
subject’s heart beat or respiration.

[0041] The pulse sequence server 410 may also connect to
a scan room interface circuit 432 that receives signals from
various sensors associated with the condition of the patient
and the magnet system. Through the scan room interface
circuit 432, a patient positioning system 434 can receive
commands to move the patient to desired positions during
the scan.

[0042] The digitized magnetic resonance signal samples
produced by the RF system 420 are received by the data
acquisition server 412. The data acquisition server 412
operates in response to instructions downloaded from the
operator workstation 402 to receive the real-time magnetic
resonance data and provide buffer storage, so that data is not
lost by data overrun. In some scans, the data acquisition
server 412 passes the acquired magnetic resonance data to
the data processor server 414. In scans that require infor-
mation derived from acquired magnetic resonance data to
control the further performance of the scan, the data acqui-
sition server 412 may be programmed to produce such
information and convey it to the pulse sequence server 410.
For example, during pre-scans, magnetic resonance data
may be acquired and used to calibrate the pulse sequence
performed by the pulse sequence server 410. As another
example, navigator signals may be acquired and used to
adjust the operating parameters of the RF system 420 or the
gradient system 418, or to control the view order in which
k-space is sampled. In still another example, the data acqui-
sition server 412 may also process magnetic resonance
signals used to detect the arrival of a contrast agent in a
magnetic resonance angiography (“MRA”) scan. For
example, the data acquisition server 412 may acquire mag-
netic resonance data and processes it in real-time to produce
information that is used to control the scan.

[0043] The data processing server 414 receives magnetic
resonance data from the data acquisition server 412 and
processes the magnetic resonance data in accordance with
instructions provided by the operator workstation 402. Such
processing may include, for example, reconstructing two-
dimensional or three-dimensional images by performing a
Fourier transformation of raw k-space data, performing
other image reconstruction algorithms (e.g., iterative or back
projection reconstruction algorithms), applying filters to raw
k-space data or to reconstructed images, generating func-
tional magnetic resonance images, or calculating motion or
flow images.

[0044] Images reconstructed by the data processing server
414 are conveyed back to the operator workstation 402 for
storage. Real-time images may be stored in a data base
memory cache, from which they may be output to operator
display 402 or a display 436. Batch mode images or selected
real time images may be stored in a host database on disc
storage 438. When such images have been reconstructed and
transferred to storage, the data processing server 414 may
notify the data store server 416 on the operator workstation
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402. The operator workstation 402 may be used by an
operator to archive the images, produce films, or send the
images via a network to other facilities.

[0045] The MR system 400 may also include one or more
networked workstations 442. For example, a networked
workstation 442 may include a display 444, one or more
input devices 446 (e.g., a keyboard, a mouse), and a pro-
cessor 448. The networked workstation 442 may be located
within the same facility as the operator workstation 402, or
in a different facility, such as a different healthcare institu-
tion or clinic.

[0046] The networked workstation 442 may gain remote
access to the data processing server 414 or data store server
416 via the communication system 440. Accordingly, mul-
tiple networked workstations 442 may have access to the
data processing server 414 and the data store server 416. In
this manner, magnetic resonance data, reconstructed images,
or other data may be exchanged between the data processing
server 414 or the data store server 416 and the networked
workstations 442, such that the data or images may be
remotely processed by a networked workstation 442.

[0047] Referring particularly now to FIG. 5, an example of
a positron emission tomography (PET) system 500 that can
implement the systems and methods described herein is
illustrated. The PET scanner system 500 includes the gantry
570 which supports the detector ring assembly 572 within
the cylindrical bore of the general magnet assembly. The
detector ring 572 is comprised of detector units 520. Signals
obtained are sent through a cable 526 to an event locator
circuit 527 housed in a separate cabinet. Each acquisition
circuit 525 also produces an event detection pulse (EDP)
which indicates the exact moment the scintillation event
took place.

[0048] The event locator circuits 527 form part of a data
acquisition processor 330 which periodically samples the
signals produced by the acquisition circuits 525. The pro-
cessor 530 has an acquisition CPU 529 which controls
communications on local area network 518 and a backplane
bus 531. The event locator circuits 527 assemble the infor-
mation regarding each valid event into a set of digital
numbers that indicate precisely when the event took place
and the position of the scintillator crystal which detected the
event. This event data packet is conveyed to a coincidence
detector 532 which is also part of the data acquisition
processor 530.

[0049] The coincidence detector 532 accepts the event
data packets from the event locators 527 and determines if
any two of them are in coincidence. Coincidence is deter-
mined by a number of factors. First, the time markers in each
event data packet must be within a preset time of each other,
and second, the locations indicated by the two event data
packets must lie on a straight line which passes through the
field of view (FOV) in the bore of the magnet assembly.
Events which cannot be paired are discarded, but coincident
event pairs are located and recorded as a coincidence data
packet.

[0050] The coincidence data packets are saved until a set
of corrective values are received from the MRI system that
reflect the current position of the subject. Using this correc-
tive information and the information in each coincidence
data packet, a corresponding set of corrected coincidence
data packets is calculated. Each coincidence data packet is
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thus corrected to change its projection ray, (R, 6) by an
amount corresponding to the movement of the subject away
from the reference position.

[0051] The corrected coincidence data packets are con-
veyed through a link 533 to a sorter 534 where they are used
to form a sinogram. This corrective process is repeated each
time corrective values are received from the MRI system.
The correction is made on those coincidence data packets
that have accumulated since the receipt of the previous
corrective values.

[0052] The sorter 534 forms part of an image reconstruc-
tion processor 540. The sorter 534 counts all events occur-
ring along each projection ray (R, 0) and organizes them into
a two dimensional sinogram array 548 which is stored in a
memory module 543. In other words, a count at sinogram
location (R, 0) is increased each time a corrected coinci-
dence data packet at that projection ray is received. Due to
the corrections made to the coincidence events, the sinogram
that is formed during the scan depicts the subject being
examined in the reference position despite subject motion
that occurs during the scan. The image reconstruction pro-
cessor 540 also includes an image CPU 542 that controls a
backplane bus 541 and links it to the local area network 518.
An array processor 545 also connects to the backplane 541
and it reconstructs an image from the sinogram array 548.
The resulting image array 546 is stored in memory module
543 and is output by the image CPU 542 to the operator
work station 515.

[0053] The operator work station 515 includes a CPU 550,
a CRT display 551 and a keyboard 552. The CPU 550
connects to the local area network 518 and it scans the
keyboard 552 for input information. Through the keyboard
552 and associated control panel switches, the operator can
control the calibration of the PET scanner and its configu-
ration. Similarly, the operator can control the display of the
resulting image on the CRT display 551 and perform image
enhancement functions using programs executed by the
work station CPU 550.

EXAMPLES

[0054] The following non-limiting examples are provided
in order to demonstrate and further illustrate certain embodi-
ments and aspects of the present disclosure and are not to be
construed as limiting the scope of the disclosure.

Example 1

[0055] A study was conducted to investigate the use of a
custom 1 MHz single-element ultrasound (US) transducer,
referred to here as an organ-configuration motion (OCM)
sensor, for echocardiography-based cardiac MR-triggering.
The sensor was placed over the heart, and the resulting
signal was processed to generate triggers at the end of atrial
systole, at the onset of isovolumic contraction. The device is
MR compatible and can replace ECG gating when the latter
proves impractical, for the purpose of cardiac MRI.

[0056] As shown in FIGS. 6A-E, the sensor is assembled
from a 3D printed capsule of our own design, an MR-
compatible 1 MHz US transducer, two-way tape, ultrasound
gel and a membrane mostly transparent to ultrasound energy.
Application to the skin can be done very easily: one peels the
protective layer of the tape and applies the sensor onto the
skin. Making the OCM sensors as easy to use as possible is
important, as it may prove crucial to future clinical adoption.
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Our OCM sensors can be as easy to install as an ECG lead
using a simple ‘peel-and-apply” process.

[0057] A switching circuit allows switching between sev-
eral OCM sensors. In other words, several OCM sensors can
be placed on the torso of a given patient, providing the
ability to compare signals from different locations and detect
several different types of motion as monitored from different
vantage points.

[0058] Eight volunteers were imaged following informed
consent using a version of our OCM+MRI setup. The OCM
sensor involved an MR-compatible transducer from Ima-
sonics, 8 mm diameter, 5.0 MHz. The device was placed on
the abdomen of the subject and Neoptix ReFlex fiberoptic
temperature probes (Qualitrol Company LLC of Fairport,
N.Y.) were employed to monitor any potential heating, for
safety purposes. Scanning would have been stopped if the
temperature of the device had exceeded body temperature
(threshold at 38° C.). The OCM sensor was fired using an
Olympus 5072PR pulser receiver (Olympus, Waltham,
Mass.), as triggered by the MRI pulse sequence. Firings of
the OCM sensor occurred outside of MR readout windows
to avoid image artifacts.

[0059] The results showed that, once correlations were
learned between MR images and OCM signals, then syn-
thetic MR images could be generated on the basis of OCM
signals alone, at the relatively high temporal resolution of
the OCM acquisition.

Example 2

[0060] Simultaneous ultrasound and ECG sensor acquisi-
tion was studied. For the ultrasound sensors, a pulser-
receiver (5077PR, Olympus) triggered the 1 MHz transducer
at a pulse repetition frequency of 100 Hz. The signal was
recorded using a standard PC equipped with a digitizer card
(5122, National Instruments), acquiring 5000 samples at 20
MS/s, for a maximum depth of 19.25 cm. The ultrasound
sensor was attached to the chest, directly over the heart.
Three ECG leads were placed in the standard manner.
Simultaneous OCM and ECG data were acquired, with the
volunteer outside and then inside the 3T scanner, for 2
minutes each. The R-wave detection algorithm of the scan-
ner, as applied to the minimally-distorted ECG traces
acquired outside the bore, produced ground truth for vali-
dation purposes. A learning-based algorithm detected each
heartbeat as follows. 200 OCM samples were selected
around a depth of 16.5 cm. The mean absolute difference
between subsequent OCM traces was used as a feature for
heartbeat detection:

200 (3)
Z OCM,(i) - OCM,_1(i)
Fy= = 200

[0061] where OCM,(1) is the ith data point acquired as part
of the firing of an OCM sensor performed at time t. There
may typically be 20,000 data points acquired per firing, over
a period of roughly 0.2 ms, and such firings can be repeated
very often, typically hundreds of times per second.

[0062] From the first 10 seconds, the standard deviation a
of F(t) was learned, and during application, all instances
above 1.2xo were accepted as candidates for cardiac trig-
gers. Because this method may yield a number of spurious
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candidates, a stationary Poisson point process with intensity
2=0.125, corresponding 0.8 s, was used to select a single
trigger per cycle.

[0063] OCM and ECG results were compared for outside
and inside the MR bore. Outside, 115 heartbeats were
detected by both modalities. Mean heartbeat duration and
standard deviation were 958 ms (+57.7 ms) for ECG and 956
ms (+71.6 ms) for OCM. Inside the scanner, these values
were 964 ms (£50.6 ms) for ECG and 963 ms (+67.5 ms) for
OCM (Figure X). Mean temporal deviation of each OCM
trigger compared to its corresponding ECG trigger was —20
ms (3 ms) outside the scanner, —18 ms (+3 ms), inside the
scanner.

[0064] The results of this experiment showed a novel
approach for cardiac triggering inside the MR bore that is
not susceptible to the magnetohydrodynamic effect. The
correct number of heartbeats was detected using our
approach, as compared to ECG, and detected heartbeat
duration proved very similar. A consistent shift between
ECG and OCM triggers might indicate a systematic error,
possibly due to a synchronization offset of the data streams,
or more likely because the R-wave occurs slightly prior to
the observable rapid motion of the heart detected by OCM.
The present study was aimed at testing equivalence in cases
where the ECG R-wave detection works well, future work
should be directed at proving superiority in cases where
ECG detection does not work well, which happens more
frequently at higher field strengths.

[0065] The present disclosure has described one or more
preferred embodiments, and it should be appreciated that
many equivalents, alternatives, variations, and modifica-
tions, aside from those expressly stated, are possible and
within the scope of the invention.

1. A system for correction of medical imaging data, the
system comprising:

an array of ultrasound sensors, each ultrasound sensor in

the array of ultrasound sensors located at a variety of
different spatial locations on a subject being imaged by
an imaging system configured to generate medical
imaging data and each ultrasound sensor configured to
receive ultrasound sensor data;

a processor configured to:

receive the ultrasound sensor data from the array of
ultrasound sensors;

multiplex the ultrasound sensor data;

generate anatomical information from the multiplexed
ultrasound sensor data and correlated to the imaging
system; and

deliver the anatomical information to the imaging sys-
tem in a form for use by the imaging system to either
acquire the imaging data using the anatomical infor-
mation or reconstruct the imaging data using the
anatomical information.

2. The system of claim 1. further comprising one or more
complementary sensors configured to receive complemen-
tary data.

3. The system of claim 2, wherein the processor is
configured to generate the anatomical information from the
complementary data and the ultrasound sensor data.

4. The system of claim 1, wherein the imaging system
comprises a magnetic resonance imaging or tomographic
imaging system.

5. The system of claim 4, wherein the tomographic
imaging system is a computed tomography (CT), positron
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emission tomography (PET), or a single photon emission
computed tomography (SPECT) system.

6. The system of claim 1, wherein the ultrasound sensors
are each single element ultrasound transducers.

7. The system of claim 6, wherein the ultrasound sensors
comprise individual capsules enclosing the transducers.

8. The system of claim 1, wherein the anatomical infor-
mation comprises cardiac cycle information of the subject.

9. The system of claim 1, wherein the variety of different
spatial locations are positioned on the chest of the subject.

10. The system of claim 1, wherein delivering the ana-
tomical information to the imaging system in the form
correlated to the imaging data of the imaging system occurs
in real-time.

11. The system of claim 1, wherein the anatomical infor-
mation comprises respiration-related information of the sub-
ject.

12. A method for controlling operation of an imaging
system to perform a medical imaging study, the method
comptrising:

receiving ultrasound sensor data acquired using a plurality

of multiplexed ultrasound sensors located at a variety
of different spatial locations on a subject during per-
formance of the medical imaging study using the
medical imaging system;

generating anatomical information from the ultrasound

sensor data;

using the anatomical information to improve images

produced by the imaging system during the imaging
study.

13. The method of claim 12, further comprising the step
of receiving complementary data using one or more comple-
mentary sensors.

14. The method of claim 13, wherein the anatomical
information is generated from the complementary data and
the ultrasound sensor data.

15. The method of claim 12, wherein the imaging system
comprises a magnetic resonance imaging or tomographic
imaging system.
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16. The method of claim 15, wherein the tomographic
imaging system is a computed tomography (CT), positron
emission tomography (PET), or a single-photon emission
computed tomography (SPECT) system.

17. The method of claim 12, wherein the ultrasound
sensor data is acquired from ultrasound sensors that com-
prise ultrasound transducers capable of transmitting and
receiving ultrasound energy.

18. The method of claim 12, wherein the anatomical
information comprises cardiac cycle information of the
subject.

19. The method of claim 12, wherein the variety of
different spatial locations are positioned on the chest of the
subject.

20. A system for real-time correction of imaging artifacts
in an imaging system, the system comprising:

an ultrasound sensor located on a torso of a subject and

configured to receive ultrasound sensor data;

a complementary sensor located on the subject and con-

figured to receive complementary data;

a processor configured to:

generate anatomical information correlated to an imag-
ing system from the ultrasound sensor data and the
complementary data, wherein the anatomical data
comprises motion information of the subject;

deliver the anatomical information into the imaging
system to improve images produced by the imaging
system.

21. The system of claim 20, wherein the ultrasound
sensors comprise ultrasound transducers capable of trans-
mitting and receiving ultrasound energy.

22. The system of claim 20, wherein the imaging system
comprises a magnetic resonance imaging or tomographic
imaging system.

23. The system of claim 20, wherein the complementary
sensor includes at least one of a electrocardiogram sensor
and another ultrasound sensor.
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