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MOTION TRACKING SYSTEM FOR REAL TIME ADAPTIVE MOTION

COMPENSATION IN BIOMEDICAL IMAGING

INCORPORATION BY REFERENCE TO RELATED APPLICATIONS

The present application is a PCT Application that claims the benefit of U.S.

Provisional Patent Application No. 61/759,883, titled MOTION TRACKING SYSTEM FOR

REAL TIME ADAPTIVE MOTION COMPENSATION IN BIOMEDICAL IMAGING,

filed on February 1, 2013, which is hereby incorporated herein by reference in its entirety.

BACKGROUND

Field

The disclosure relates generally to the field of biomedical imaging machines, and more

specifically to a system for adaptive motion correction of medical imaging scans, such as

magnetic resonance scans.

Description of the Related Art

"Tomographic" imaging techniques generate images of multiple slices of an object.

Some commonly used tomographic imaging techniques include but are not limited to magnetic

resonance imaging (MRI) and magnetic resonance spectroscopy (MRS) techniques, which are

ideal for assessing the structure, physiology, chemistry and function of the living brain and

other organs, in vivo and non-invasively. Because the object of interest is often imaged in

many scanning steps in order to build a complete two or three dimensional view, scans are of

long duration, usually lasting several minutes or more. To increase resolution (detail) of a

tomographic scan, more slices and more scanning steps must be used, which further increases

the duration of a scan. Scans may also be of long duration in order to obtain sufficient signal-

to-noise ratio. Magnetic resonance techniques (including tomographic techniques), that are

currently known or to be developed in the future (hereinafter collectively referred to as "MR"

or "MRI") can also afford relatively high spatial and temporal resolution, are non-invasive and

repeatable, and may be performed in children and infants. However, due to their duration,

MR scans can be subject to the problem of patient or object motion.



SUMMARY OF THE INVENTION

For purposes of this summary, certain aspects, advantages, and novel features of the

invention are described herein. It is to be understood that not necessarily all such advantages

may be achieved in accordance with any particular embodiment of the invention. Thus, for

example, those skilled in the art will recognize that the invention may be embodied or carried

out in a manner that achieves one advantage or group of advantages as taught herein without

necessarily achieving other advantages as may be taught or suggested herein.

In an embodiment, a biomedical system for tracking motion of an object during

biomedical imaging and for compensating for motion of the object comprises a biomedical

imaging scanner configured to perform scanning of the object to generate biomedical images

of the object; at least one detector for generating data describing at least one landmark of the

object, wherein the at least one detector is configured to be positioned relative to the object to

enable the at least one detector to detect movement of said landmark during the scanning; a

detector processing interface configured to determine motion of the object based on analyzing

said data received from the at least one detector, the detector processing interface configured

to generate motion tracking data of the object; and a scanner controller for controlling at least

one parameter of the biomedical imaging scanner, wherein the scanner controller is configured

to adjust scanner parameters based on the motion tracking data, the scanner parameters

configured for controlling the biomedical imaging scanner to account for motion of the object

during the scanning of the object.

In an embodiment, the at least one detector is positioned within a bore of the

biomedical imaging scanner. In an embodiment, the at least one detector only comprises

components configured to not interfere with the biomedical imaging scanner. In an

embodiment the at least one landmark comprises a facial feature of the subject. In an

embodiment, the facial feature comprises at least one tooth of the upper jawbone. In an

embodiment, the landmark comprises an organ of the subject. In an embodiment, the at least

one landmark comprises an image projected onto the subject. In an embodiment, the at least

one detector processing interface is configured to utilize an atlas-segmentation technique for

identifying the at least one landmark of the object.



In an embodiment, the at least one detector is configured to generate data describing a

first landmark and a second landmark of the object, wherein the detector processing interface

is configured to utilize a first motion tracking technique to determine motion of the first

landmark, and a second motion tracking technique to determine the motion of the second

landmark, the detector processing interface configured to determine motion of the object

based on analyzing the determined motion of the first landmark and the second landmark. In

an embodiment, the detector processing interface is configured to apply a first weighting

factor to the determined motion of the first landmark and apply a second weighting factor to

the determined motion of the second landmark, wherein the first weighting factor is based on

a historical accuracy of the first motion tracking technique and the second weighting factor is

based on a historical accuracy of the second motion tracking technique.

In an embodiment, a computer implemented-method for tracking motion of an object

during biomedical imaging by a scanner and for compensating for motion of the object

comprises accessing, by a computer system, an image of the object; identifying, by the

computer system, in the image a landmark of the object, the landmark being a feature naturally

existing in the object; accessing, by the computer system, a plurality of images of the object;

tracking, by the computer system, movement of the landmark in the plurality of images of the

object; translating, by the computer system, the movement in a first reference plane to a

second reference plane of the scanner; generating, by the computer system, data parameters

based on the movement in the second reference plane, the data parameters configured to

adjust the scanning parameters of the scanner to account for motion of the object; and

transmitting, by the computer system, the data parameters to a scanner controller, the scanner

controller configured to control the scanning parameters of the scanner.

In an embodiment, the image is from a video. In an embodiment, the accessing of the

image of the object is from at least one detector that is positioned within a bore of the

scanner. In an embodiment, the at least one detector only comprises components configured

to not interfere with the scanner. In an embodiment, the landmark comprises a facial feature.

In an embodiment, the facial feature comprises at least one tooth of the upper jawbone. In an

embodiment, the landmark comprises an organ. In an embodiment, the identifying comprises

utilizing an atlas-segmentation technique for identifying the landmark of the object.



In an embodiment, the computer-implemented method further comprises identifying,

by the computer system, in the image a second landmark, the identifying of the landmark

performed by utilizing a first motion tracking technique to determine motion of the landmark,

and the identifying of the second landmark performed by utilizing a second motion tracking

technique to determine the motion of the second landmark, the tracking comprises

determining the movement of the landmark and the second landmark in the plurality of images

of the object, wherein the movement is an average of the motion of the landmark and the

motion of the second landmark. In an embodiment, the movement is determined by applying a

first weighting factor to the determined motion of the landmark to generate a first weighted

motion, and applying a second weighting factor to the determined motion of the second

landmark to generate a second weighted motion, and averaging the first and second weighted

motions, wherein the first weighting factor is based on a historical accuracy of the first motion

tracking technique and the second weighting factor is based on a historical accuracy of the

second motion tracking technique.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other features, aspects, and advantages of the present invention are

described in detail below with reference to the drawings of various embodiments, which are

intended to illustrate and not to limit the invention. The drawings comprise the following

figures in which:

FIG. 1 is an embodiment of a schematic diagram illustrating a motion tracking system

for a biomedical imaging machine.

FIG. 2 is a block diagram depicting an embodiment of a motion tracking system.

FIG. 3 is a block diagram depicting an embodiment of a motion tracking system.

FIG. 4 is a block diagram depicting an embodiment of a motion tracking system.

FIG. 5 depicts an embodiment of a process flow diagram illustrating an example of

tracking and compensating for motion in biomedical imaging using a motion tracking system.

FIG. 6 depicts an embodiment of a process flow diagram illustrating an example of

tracking and compensating for motion in biomedical imaging using a motion tracking system.



FIG. 7 depicts an embodiment of a process flow diagram illustrating an example of

combining position estimates from more than one motion tracking controller or filter to

produce a single or unitary position estimate.

FIG. 8 depicts an embodiment of a process flow diagram illustrating an example of

estimating the tracking of a feature during an imaging scan.

FIG. 9 is an embodiment of a schematic diagram illustrating a motion tracking system.

FIG. 10 is a block diagram depicting an embodiment of a motion tracking system.

FIG. 11 is a block diagram depicting an embodiment of a motion tracking system.

FIG. 12 depicts an embodiment of a process flow diagram illustrating an example of

tracking and compensating for motion in biomedical imaging using a motion tracking system.

FIG. 13 depicts an embodiment of a process flow diagram illustrating an example of

tracking and compensating for motion in biomedical imaging using a motion tracking system.

FIG. 14 depicts an embodiment of a process flow diagram illustrating an example of

tracking and compensating for motion in biomedical imaging using a motion tracking system.

FIG. 15 depicts another embodiment of a process flow diagram illustrating an example

of tracking and compensating for motion in biomedical imaging using a motion tracking

system.

FIG. 16 depicts an embodiment of a process flow diagram illustrating an example of

tracking and compensating for motion in biomedical imaging using a motion tracking system.

FIG. 17 is a block diagram depicting an embodiment of a motion tracking system.

FIG. 18 illustrates an embodiment of a scanner image combined with a tracking data

overlay and a pictorial tracking overlay.

FIG. 19 depicts an embodiment of a process flow diagram illustrating an example of

tracking and compensating for motion in biomedical imaging using a motion tracking system.

FIG. 20 depicts an embodiment of a process flow diagram illustrating an example of

tracking and compensating for motion in biomedical imaging using a motion tracking system.

FIG. 2 1 illustrates an embodiment of a tracked motion display.

FIG. 22A illustrates an embodiment of a tracked motion display.

FIG. 22B illustrates an embodiment of a tracked motion display.

FIG. 22C illustrates an embodiment of a tracked motion display.



FIG. 22D illustrates an embodiment of a tracked motion display.

FIG. 23A illustrates an embodiment of a tracked motion display.

FIG. 23B illustrates an embodiment of a tracked motion display.

FIG. 23C illustrates an embodiment of a tracked motion display.

FIG. 24 is a schematic diagram illustrating a side view of the medical imaging scanner

as a part of the motion compensation system.

FIG. 25 is another embodiment of a schematic diagram illustrating a front view of a

medical imaging scanner as part of a motion compensation system.

FIG. 26 is a schematic diagram illustrating a side view of the medical imaging scanner

as a part of the motion compensation system of FIG. 25.

FIG. 27 is another embodiment of a schematic diagram illustrating a front view of a

medical imaging scanner as part of a motion compensation system.

FIG. 28 is a schematic diagram illustrating a side view of the medical imaging scanner

as a part of the motion compensation system of FIG. 27.

FIG. 29 is another embodiment of a schematic diagram illustrating a front view of a

medical imaging scanner as part of a motion compensation system.

FIG. 30 is another embodiment of a schematic diagram illustrating a side view of a

medical imaging scanner as part of a motion compensation system.

FIG. 3 1 is another embodiment of a schematic diagram illustrating a side view of a

medical imaging scanner as part of a motion compensation system.

FIG. 32 is another embodiment of a schematic diagram illustrating a side view of a

medical imaging scanner as part of a motion compensation system.

FIG. 33 is another embodiment of a schematic diagram illustrating a front view of a

medical imaging scanner as part of a motion compensation system.

FIG. 34 is a block diagram depicting an embodiment of a computer hardware system

configured to run software for implementing one or more embodiments of the motion tracking

systems described herein.



DETAILED DESCRIPTION OF THE EMBODIMENTS

Although several embodiments, examples, and illustrations are disclosed below, it will

be understood by those of ordinary skill in the art that the invention described herein extends

beyond the specifically disclosed embodiments, examples, and illustrations and includes other

uses of the invention and obvious modifications and equivalents thereof. Embodiments of the

invention are described with reference to the accompanying figures, wherein like numerals

refer to like elements throughout. The terminology used in the description presented herein is

not intended to be interpreted in any limited or restrictive manner simply because it is being

used in conjunction with a detailed description of certain specific embodiments of the

invention. In addition, embodiments of the invention can comprise several novel features and

no single feature is solely responsible for its desirable attributes or is essential to practicing the

inventions herein described.

The disclosure herein provides methods, systems, and devices for tracking motion of a

patient or object of interest during biomedical imaging and for compensating for the patient

motion by adjusting the imaging parameters of the biomedical imaging scanner and/or the

resulting images to reduce or eliminate motion artifacts. In an embodiment, one or more

detectors are configured to detect images of or signals reflected from or spatial information of

a patient, and a detector processing interface is configured to analyze the images or signals or

spatial information to estimate motion or movement of the patient and to generate tracking

data describing the patient's motion. The detector processing interface is configured to send

the tracking data to a scanner controller to enable adjustment of scanning parameters in real

time in response to the patient's motion.

In order to assess the structure, physiology, chemistry and function of the human brain

or other organs, physicians may employ any number of tomographic medical imaging

techniques. Some of the more commonly used tomographic imaging techniques include

computerized tomography (CT), magnetic resonance imaging (MRI), magnetic resonance

spectroscopy (MRS), positron emission tomography (PET), and single-photon emission

computed tomography (SPECT). These techniques take a series of images that correspond to

individual slices of the object of interest (for example, the brain), and use computer algorithms

to align and assemble the slice images into three dimensional views. Because the object of



interest is often imaged in many slices and scanning steps, the resulting scan time can be

relatively long, typically lasting several minutes or longer.

Biomedical imaging techniques with long scan times can tend to be sensitive to subject

motion, which can lead to image artifacts and/or loss of resolution. Due to the typical

duration of a tomographic imaging scan, subject motion can become a significant obstacle to

acquiring accurate or clear image data. Although subjects are typically instructed to remain

still during a scan, remaining motionless is a near impossible task for many patients, especially

infants, children, the elderly, animals, patients with movement disorders, and other patients

who might be agitated or cannot control body movements due to, for example, disability,

impairment, injury, severe sickness, anxiety, nervousness, drug use, or other disorder. Often,

the resulting scans of such patients are obscured by significant motion artifacts, making

adequate diagnosis and analysis difficult.

One method to reduce motion artifacts is to use physical restraints to prevent subject

movement. Such restraints, however, can be difficult to employ due to both the limited space

within the scanning volume of the tomographic imager and the uncomfortable nature of the

restraints themselves.

Another method to reduce motion artifacts involves tracking and adapting to subject

movement in real time (for example, "adaptive imaging" or "adaptive motion correction").

This approach involves tracking the position and rotation (together referred to as "pose") of

the object of interest in real time during a scan. The pose information is used to compensate

for detected motion in subsequent data acquisitions. Although these techniques can have the

benefit of being highly accurate, they can require periodic recalibration to maintain such

accuracy. Additionally, some embodiments of motion tracking systems use one or more

cameras to track the position of one or more markers attached to a subject or to an organ to

be evaluated (such as the subject's head) to determine subject motion. However, the use of

markers creates additional steps in the clinical workflow, which can be undesirable.

Attachment of tracking markers may also not be accepted by certain subjects, such as young

children, who may remove markers.

The systems, methods, and devices disclosed herein provide solutions to the foregoing

problems as well as to other challenges related to biomedical imaging. Some embodiments



disclosed herein provide systems for adaptive motion correction for biomedical imaging that

do not require specialized removable markers for tracking (also referred to herein as

"markerless" tracking or landmark tracking). In some embodiments, a motion tracking system

includes a biomedical scanner, such as an MRI, CAT, PET, or other scanner, that uses

tracking information from a markerless optical or non-optical tracking system to continuously

adjust scanning parameters (such as scan planes, locations, and orientations) to result in

biomedical images showing no or attenuated motion artifacts. In an embodiment, the tracking

information is based on using detectors to track landmarks that are naturally existing on a

subject, as opposed to attaching removable markers to a subject.

As used herein, the terms "landmark" and "feature", when used in the context of

describing a quality or characteristic of a subject or object, are interchangeable terms and are

broad terms, and unless otherwise indicated the terms can include within their meaning,

without limitation, features of the subject (for example, facial features including but not

limited to indentations, protrusions, folds, curves, outlines, moles, skin pigmentations, or the

like), projected images or other projections onto a subject, distances to a point or area of a

subject, surfaces of a subject (for example, three-dimensional surface modeling), openings or

orifices of a subject, bones or bone structures of a subject (for example, teeth or cheek bones,

or the like), and hair features of a subject (for example, hair lines, eye brows, or the like).

The term "detector" as used herein is a broad term, and unless otherwise indicated the

term can include within its meaning, without limitation, a camera (either digital or analog, and

either capable of capturing still images or movies) that can detect the visible spectrum or other

portions of the electromagnetic spectrum, a proximity sensor, an ultrasonic sensor, a radar

sensor, a laser-based sensors, or any other kind of detector. In embodiments where the

detector is positioned within the bore of a medical imaging device, the term "detector"

includes within its meaning a detector that is configured to not interfere or only comprises

components that do not interfere with the imaging capability of the medical imaging device,

for example, the detector does not generate electrical or magnetic interference that could

cause artifacts in the images generated by the medical imaging device.

In an embodiment, the system can be configured to track subject motion using

landmarks of a subject through a variety of ways. For example, the system can be configured



for tracking different types of body organs or facial features or the like. For each type of body

organ or other feature, the system can comprise an atlas or a normative database showing a

typical shape of a particular body organ or feature. In an embodiment, the system can be

configured to utilize the atlas in order to perform atlas-segmentation to identify an organ or

feature within an image generated by a detector. Based on detection of the organ or feature,

the system can be configured to track the movement of the organ or feature in subsequent

images generated by the detector. In an embodiment, the system can be configured with a

different detection algorithm and/or atlas for each type of body organ. For example, the

system can be configured with a different detection algorithm for the head and a different

detection algorithm for knee of the patient.

In another example, the system can be configured to identify one or more teeth of the

upper jaw. The detection of one or more teeth of the upper jaw can be ideal for landmark-

based motion tracking because the upper teeth are rigidly affixed the skull of a patient. Any

movement of the skull translates into direct movement of the upper teeth. In contrast, the

teeth on the lower jawbone are subject to movement not only due to movement of the skull,

but also due to movement of the lower jawbone. As disclosed above, the system can be

configured to utilize atlas-segmentation techniques in order to locate and identify the upper

teeth in an image generated by a detector. Based on detection of the upper teeth, the system

can be configured to track the movement of the upper teeth in subsequent images generated

by the detector. In an embodiment, the system can be configured to utilize the motion tracking

of the upper teeth to generate data instructions for transmission to the scanner in order to

adjust the scanner parameters. By adjusting the scanner parameters, the system can be

configured to account for patient movement during the scanning process in order to produce

clearer or better images of the subject. In an embodiment, a mouth insert or a mouth guard is

configured to expose the upper teeth can be inserted into a subject's mouth in order for the

detector to generate images of the upper teeth during the scanning process. In an embodiment,

the mouth insert or guard need not be customized for the subject's particular mouth. In an

embodiment, the mouth insert or guard is a "one size fits all" mouth insert or guard that is

configured to move the upper lip to an upward position in order to expose the upper teeth

during the scanning process.



In an embodiment, the system can be configured to identify a characteristic of a

subject. For example, the system can be configured to detect a distance to a particular point

on a subject, or a surface texture of a subject, or an image that is projected onto the subject.

Based on detecting the characteristic of a subject, the system can be configured to track the

movement of the characteristic in subsequent images generated by the detector. In an

embodiment, the system can be configured to track subject movement using a combination of

any of the landmark tracking techniques disclosed above. Based on the tracked movements of

the subject, the system can be configured to utilize the data in order to generate instructions

for adjusting the parameters of a scanner in order to generate a better image.

In an embodiment, the detected motion that is determined by the system can be an

estimated motion of the subject because the system can only detect the position of the subject

at the time that the image of the subject was detected. Generally, subjects are continuously

moving and therefore a subject may have moved after the time in which an image generated by

the detector is being analyzed.

In an embodiment, the system can be configured to estimate the accuracy of a detected

motion. For example, the system can be configured to track the movements of an eyebrow of

a subject. If the system detects the location of an eyebrow in a first image and then the system

cannot detect the location of an eyebrow in a second subsequent image, then the system can

be configured to discount the second image because any motion tracking data generated based

on the first and second image is likely to be in accurate. In an embodiment, the system can be

configured to assume that the eyebrow was truncated in the second image, or that tracking of

the eyebrow has been lost, and therefore the second image is not a reliable image for

determining or tracking motion.

In an embodiment, a motion tracking system utilizes one or more detectors, such as

cameras, to continuously record partial or full views of an object of interest. A detector

processing interface continuously analyzes the patient movement data from the detectors to

estimate motion of the object of interest. The detector processing interface can be configured

to analyze and track motion using a variety of filters or techniques, either individually or in

combination, including anatomical landmark tracking, three dimensional surface modeling,

distance estimation, or other similar techniques.



In an embodiment, the detector processing interface can be configured to average the

detected estimated motion that has been determined using the variety of techniques or filters.

The detector processing interface can be configured to employ a weighted average in

combining the detected estimated motion that has been determined using the variety of

techniques of filters. In an embodiment, the detector processing interface can be configured to

select the detected estimated motion values that are determined to be the most accurate. In an

embodiment, accuracy can be determined by historical accuracy, or by whether a threshold

change has been satisfied, or by the current size or contrast of an object, or by the like.

In an embodiment, a motion tracking system tracks object motion with respect to a

motion tracking system reference or coordinate frame and then transforms the positional data

into a biomedical imaging device reference or coordinate frame. The positional data in the

reference frame of the biomedical imaging device is then used by the biomedical imaging

device to update scanning parameters in real-time, resulting in images that show no or fewer

motion artifacts and/or increased resolution.

In some embodiments, the positional data in the reference frame of the biomedical

imaging device is analyzed to determine an amount or magnitude of motion present or

tracked. One of ordinary skill in the art will appreciate that the foregoing can be

accomplished using any other possible reference frames in lieu of the reference frame of the

biomedical imaging device. If the amount or magnitude of motion exceeds a predetermined

threshold, then the positional data in the reference frame of the biomedical imaging device is

used by the biomedical imaging device to update scanning parameters in real-time, resulting in

images that show no or fewer motion artifacts and/or increased resolution.

FIG. 1 is an embodiment of a schematic diagram illustrating a motion tracking system

100. The motion tracking system 100 comprises one or more detectors 102, a detector

processing interface 104, a scanner controller 106, and a scanner 108. In an embodiment, the

one or more detectors 102 are positioned generally within an interior volume of the scanner

108 (one of ordinary skill in the art will appreciate that the one or more detectors can be

positioned in other locations, for example, outside the volume of the scanner) and positioned

to each have a different viewpoint from which to view the subject 110 or to detect information

describing at least one feature or quality of the subject 110. For example, features or qualities



of the subject 110 that may be detected by various detectors 102 include but are not limited to

a visual image or depiction of the subject 110 or a portion of the subject 110, a distance of the

subject 110 or a portion of the subject 110 to the detector 102, a surface texture of the subject

110 or a portion of the subject 110, an indentation or protrusion of the subject, an opening or

orifice of the subject, a structural outline of the subject or a portion of the subject, or other

anatomical landmark or feature of the subject. Various embodiments may be configured to

employ various numbers of detectors 102, and the detectors 102 can be positioned places

other than within an interior volume of a scanner, as long at the detectors 102 are positioned

to enable viewing the subject 110 or detecting information describing at least one quality of

the subject 110 (for example, "patient movement data").

During an imaging scan, the detectors 102 are configured to acquire patient movement

data and send the data to the detector processing interface 104. The detector processing

interface 104 is configured to analyze the patient movement data using one or more tracking

controllers or filters and to create tracking data describing movement or motion of the

patient/object of interest in detector and/or scanner reference or coordinate frames. The

tracking data is sent from the detector processing interface 104 to the scanner controller 106.

The scanner controller 106 is configured to adjust the scanner 108 in real time based on

patient/object of interest movement described in the tracking data to enable creation of

scanned images with no or few motion artifacts. For example, the scanner controller 106 can

be configured to adjust scan planes, locations, and/or orientations of the scanner 108 in real

time.

In some embodiments, such as the motion tracking system 900 illustrated in FIG. 9,

the tracking data generated by the detector processing interface 104 is used to compensate for

motion during image reconstruction or post-processing, rather than to directly adjust the

scanner 108. In some embodiments, tracking data is used to both compensate for motion

during image reconstruction and to directly adjust the scanner 108.

Various embodiments of motion tracking systems can be configured to use various

types of detectors. In some embodiments, the detectors 102 are all cameras, with each

detector 102 being configured to continuously record a partial or full view of the object of

interest, such as a subject's face in the case of tracking a patient's head. Recording the partial



or full views from various detector vantage points can enable increased accuracy and/or

redundancy of various tracking techniques. In some embodiments, the detectors 102 may be

cameras, laser-based sensors, projection-based sensors, radar sensors, ultrasonic sensors,

other remote sensors, or any combination thereof.

Referring to FIGS. 1 and 2, patient movement data (for example, images, distance

measurements, or the like) from the one or more detectors 102 is sent to the detector

processing interface 104, where one or more tracking controllers or filters analyze the data to

estimate movement of the object of interest. Several possible tracking controllers or filters

202, as shown in FIG. 2, either in isolation or in combination, can be configured to track the

object of interest. One embodiment of a tracking controller or filter 202, for example

Tracking Controller 1 shown in FIG. 2, is configured to track the position and orientation of

anatomical features or "landmarks" during subject movement, and uses this information to

derive the object of interest's (for example, the subject's head) movement. For example,

when tracking a subject's head, if the position of the subject's two eyes and the position of the

tip of the subject's nose are known in detector coordinates, then the three translations and

three rotations of the subject's head can be derived by means of triangulation or other

methods. In general, accuracy of such a tracking controller or filter 202 can be improved by

tracking a greater number of anatomical features. For example, if the position of a subject's

nostrils and/or the bridge of the nose are tracked in addition to the nose tip and the eyes, then

tracking of the subject's head can be generally more accurate. Tracking accuracy can also be

improved by utilizing a greater number of detectors 102 and/or positioning the detectors 102

to view the subject's head from a variety of angles. Furthermore, in some embodiments, a

single tracking controller or filter can be configured to provide data for less than all six

degrees of freedom, i.e. less than three translations and three rotations, in which case

information from one or more other tracking controllers or filters may be used to complete the

tracking of all six degrees of freedom.

Another embodiment of a tracking controller or filter 202, for example Tracking

Controller 2 shown in FIG. 2, is configured to create a three-dimensional surface model of the

object of interest (for example, a subject's head), and to calculate motion tracking information

based on changes to the three-dimensional surface model as it is updated when the subject



moves. A three-dimensional surface model tracking controller or filter can be configured to

employ various types of detectors 102 and modeling methods. For example, the controller or

filter is configured to create a surface model based on a surface texture of the object as

detected by a detector or as detected by the scanner. In an embodiment, the controller or

filter is configured to create a surface model based on changes in lighting and/or shading of

the object of interest.

Some embodiments of tracking controllers or filters 202, for example Tracking

Controller 3 shown in FIG. 2, are configured to use estimates of a distance of the object of

interest (or a portion or portions of the object of interest) to one or more of the detectors 102.

The position of the object of interest can then be estimated or derived by combining the

distance estimates from multiple detectors 102 and/or by monitoring changes in the distance

estimates from an individual detector 102. Some distance estimation controller embodiments

are configured to utilize, for example, range imaging, stereo triangulation, interferometry, or

the like.

Other embodiments of tracking controllers or filters 202, for example Tracking

Controller 4 shown in FIG. 2, are configured to track changes in a known pattern, for

example, a regular grid, projected onto the object of interest. A projector projects one or

more patterns onto the object of interest from one or more projection locations, and one or

more detectors 102 detect images of the pattern projected onto the object of interest. The

tracking controller or filter 202 is configured to analyze deformations and/or changes to the

projection(s) as the subject 110 moves to derive an estimate of the object of interest's

positioning.

Some embodiments of tracking controllers or filters 202 are configured to track light

reflected from reflective and/or absorbent particles suspended or contained in a compound

applied to a subject's skin. The compound can be, for example, a paste, a cream, a glue, a

temporary tattoo, an ink, and the like. The compound can be painted, smeared, drawn,

brushed, or otherwise applied to the subject's skin. The reflective particles can be configured

to reflect light in different directions as the subject moves or rotates the skin area having the

compound applied. For example, the reflective particles can be prisms that refract light in a

known fashion, glitter particles, or the like. The absorbent particles can also be configured to



absorb light in different directions as the subject moves or rotates the skin area having the

compound applied. For example, the absorbent particles can be dark spheres that absorb light

in a known fashion, or the like. This embodiment of a tracking controller or filter 202 is

configured to analyze images detected by the detectors 102 to track light reflections and/or

alterations from the various reflective and/or absorbent particles in order to determine

movement of the object of interest. In some embodiments, the tracking controller or filter 202

is configured to track reflections and/or absorption of ambient light. In some embodiments,

the tracking controller or filter 202 is configured to track reflections and/or absorptions of an

auxiliary light source directed generally toward the reflective and/or absorbent particles.

In some embodiments, various embodiments of tracking controllers or filters 202

(including those described above and those using various other techniques) can be used either

independently or in combination with other tracking controllers or filters, including markerless

tracking controllers or filters, and modules utilizing markers for motion tracking. A tracking

combination interface, such as the tracking combination interface 204 shown in FIG. 2, can be

configured to receive position or movement estimates from a variety of tracking controllers or

filters 202 and to either select one of the estimates to send to the scanner controller 106 or to

combine one or more of the estimates to form a single or unitary, more accurate estimate to

send to the scanner controller 106. In some embodiments, the position or movement

estimates received by the tracking combination interface 204 each describe six degrees of

freedom (for example, three translations and three rotations). In some embodiments, the

position or movement estimates received by the tracking combination interface 204 each

describe fewer than six degrees of freedom. In some embodiments, some of the position or

movement estimates received by the tracking combination interface describe six degrees of

freedom, while others describe fewer than six degrees of freedom. Tracking combination

interface 204 can be configured to combine estimates from tracking controllers or filters 202,

for example, as shown in FIG. 7 and described in greater detail below. In some embodiments,

a tracking combination interface can be configured to send no motion updates to the scanner

controller if the difference in motion or an amount or magnitude of tracked motion does not

exceed a predetermined threshold.



FIG. 2 is a block diagram depicting an embodiment of a motion tracking system 200.

The motion tracking system 200 comprises one or more detectors 102, a detector processing

interface 104, a scanner controller 106, and a scanner 108. The detector processing interface

further comprises several tracking controllers or filters 202 and a tracking combination

interface 204. In the motion tracking system 200, the one or more detectors 102 send patient

movement data (for example, camera images, distance estimates, signals, or the like) to the

detector processing interface 104, and each of the several tracking controllers or filters 202

uses the patient movement data (or a portion of the patient movement data) to generate an

estimate of movement of the patient/object of interest (for example, describing all six degrees

of freedom or fewer than six degrees of freedom). The tracking combination interface 204 is

configured to receive each tracking controller's individual estimate and to combine them (or

to select one of them) to create tracking data comprising a single or unitary movement

estimate to send to the scanner controller 106. The tracking combination interface 204 may

also be configured to send no motion updates to the scanner controller 106, for example, to

retain the most recent motion data, if the difference in motion or amount or magnitude of

tracked motion does not exceed a predetermined threshold. The scanner controller 106 is

configured to update one or more parameters of the scanner 108 in real time based on this

tracking data received from the detector processing interface 104.

As described above, each of the tracking controllers or filters 202 of the motion

tracking system 200 can be configured to track motion using a different technique (for

example, anatomical landmark tracking, three-dimensional surface model tracking, distance

tracking, or the like). In some embodiments, all or some of the tracking controllers or filters

202 can be configured to use the same technique, but with different configurations. For

example, a detector processing interface 104 can comprise multiple tracking controllers or

filters 202 utilizing anatomical landmark tracking, with each tracking controller or filter 202

being configured to track a different anatomical landmark or set of anatomical landmarks.

Additionally, in some embodiments, tracking controllers or filters 202 can be configured to

utilize more than one tracking technique. For example, a tracking module 202 can be

configured to utilize both anatomical landmark tracking and three-dimensional surface model

tracking, but to send one unitary tracking estimate based on a combination of both methods to



the tracking combination interface 204 for combination with the estimates of other tracking

controllers or filters 202.

The embodiment of a motion tracking system shown in FIG. 2 may be advantageous,

because, in general, accuracy of a motion tracking system can be improved by tracking motion

in a variety of ways (for example, utilizing a variety of tracking controllers or filters) and then

combining the data derived from the various methods. Another advantage to using multiple

tracking controllers or filters 202 (for example, equal to or greater than 2) is redundancy of

data and measurements to improve the robustness of the tracking data. For example, when a

patient is in certain positions, some tracking controllers or filters 202 may be able to produce

more accurate estimates than others. Therefore, the most accurate tracking controller or

controllers can be used at one time, and then a different controller or subset of controllers can

be used at another time, to create the most accurate overall positioning estimates for a

particular point in time or particular position of the subject at a particular point in time.

Redundancy in detectors 102 can also be advantageous. For example, some tracking

controllers or filters 202 may only require one or two detectors 102, even though a tracking

system, such as the tracking system shown in FIG. 1, has more than two detectors. However,

in some cases, a patient's movement may block one or more detectors 102 from being able to

view the object of interest. For example, if a patient turns his or her head to the left, a

detector 102 on the patient's right may no longer be able to see, for example, the patient's left

eye. In a system with redundant detectors 102, a tracking controller or filter 202 can be

configured to, for example, use detectors 102 on the left side of a patient when the patient's

head is turned to the left, but use detectors 102 on the right side when the patient's head is

turned to the right.

Redundancy in detectors 102 and/or tracking controllers or filters 202 can enable, for

example, the obstruction of an anatomical feature or landmark with respect to one detector

102 to not result in overall loss of tracking data, since other detectors 102 and/or tracking

controllers or filters 202 can be configured to still have sufficient data to allow continued

tracking.

Some embodiments of motion tracking systems utilize redundancy in tracking

combination controllers or filters 204. For example, a detector processing interface 104 can



comprise multiple tracking controllers or filters 202, with a first tracking combination

controller or filter 204 configured to combine the position/movement data from half of the

tracking controllers or filters 202, and a second tracking combination interface 204 configured

to combine the position/movement data from the other half of the tracking controllers or

filters 202. A third tracking combination interface 204 is configured to combine the

position/movement data from the first and second tracking combination interfaces 204. This

configuration may be advantageous in various situations, for example, when the second half of

the tracking controllers or filters 202 are known to produce only intermittently accurate data.

The third tracking combination interface 204 can then be configured to only take data from

the second tracking combination interface 204 into account when the second tracking

combination interface 204 indicates its position/movement data is accurate. This

configuration may also be advantageous to allow grouping of tracking controllers or filters

202 with similar features together. For example, one tracking combination interface 204 can

be configured to combine the estimates of all visual image-based tracking controllers or filters

202, while another tracking combination interface 204 can be configured to combine the

estimates of tracking controllers or filters 204 using non-image based tracking, such as

distance-based tracking.

FIG. 3 is a block diagram depicting an embodiment of a motion tracking system 300.

The motion tracking system 300 includes, among other features, an anatomy configuration

module 302 configured to allow changes to be made to configurations of the various tracking

controllers or filters 202 used in the detector processing interface 104. For example, the

anatomy configuration module 302 can configure the tracking controllers or filters 202 based

on the specific anatomical region of the subject being tracked. If, for example, a subject's

brain is being scanned, a tracking controller or filter 202 utilizing anatomical landmark

tracking can be configured to track the subject's eyes, nostrils, or the like. But if a subject's

knee is being scanned, a tracking controller or filter 202 utilizing anatomical landmark

tracking can be configured to track, for example, regions above and below the knee and the

kneecap.

The anatomy configuration module 302 can be configured to adjust the configuration

of the tracking controllers or filters 202 based on various factors, such as the anatomical



region or organ being scanned, a patient's age or sex, or even to compensate for situations

where certain anatomical features are not available to be viewed, such as after surgery (where,

for instance, an eye or another part of the face may be covered).

In some embodiments, an operator of the motion tracking system 300 provides data to

the anatomy configuration module 302 to enable it to configure the various tracking

controllers or filters 202. For example, the operator can use a computer interface to indicate

that the scanner 108 will be scanning a subject's head, knee, or the like. In some

embodiments, the anatomy configuration module 302 is configured to detect the portion of a

subject that is being scanned and to automatically configure the tracking controllers or filters

202 without requiring operator input. For example, the anatomy configuration module 302

can be configured to analyze data from the detectors 102 to automatically determine whether

the detectors are viewing a subject's head, knee, or the like.

FIG. 4 is a block diagram depicting an embodiment of a motion tracking system 400.

The motion tracking system 400 includes, among other features, one or more deformation

detectors 404, an internal consistency controller 402, and a veto controller 406. During the

tracking of motion of a patient during a scan, the deformation detectors 404 and internal

consistency controller 402 are configured to monitor data from the detectors 102 and/or

tracking controllers or filters 202 for certain conditions that may adversely affect tracking

data. When one of these conditions occurs, the deformation detector 404 or internal

consistency controller 402 is configured to notify the veto controller 406 of the condition.

The veto controller 406 is configured to analyze the condition(s) and send a veto signal to the

scanner controller 106 if it determines the tracking data is sufficiently untrustworthy. The

scanner controller 106 can be configured to pause or suppress scanner acquisitions if the veto

controller 406 indicates that the tracking data are temporarily unreliable. Alternatively, the

scanner controller 106 can be configured to not compensate for movement using the tracking

data when the veto controller 406 indicates that the tracking data are temporarily unreliable.

In some embodiments, the veto controller 406 is configured to receive and analyze

data from the deformation detectors 404 and internal consistency controller 402 substantially

simultaneously. The veto controller 406 is configured to combine these data and make a

determination as to whether to send a veto signal to the scanner controller 106. The



combination of the data may be based on a simple "winner takes all" approach (for example, if

data from one deformation detector or internal consistency controller indicates unreliable

tracking, the veto controller 406 sends the veto signal), or the combination may involve

weighting of different probabilities of the various discrepancies encountered, a Bayesian

probability approach, or other probability or statistical-based approaches.

In the embodiment shown in FIG. 4, the deformation detectors 404 and internal

consistency controller 402 both notify the veto controller 406 of potentially untrustworthy

tracking data being generated by the tracking controllers or filters 202. However, the

deformation detectors 404 and internal consistency controller 402 perform this function in

different ways. The deformation detectors 404 monitor data from the detectors 102 for

conditions likely to cause untrustworthy or degraded tracking data. For example, when

tracking a head/brain, when a patient in the scanner sneezes or is squinting, the patient's skin

may deform locally, resulting in loss of tracking accuracy, because, while the patient's skin

moved, the patient's brain likely did not move in synchronization with the skin movement.

The deformation detectors 404 can be configured to analyze the data from the detectors 102,

and to flag these or other conditions detrimental to accurate tracking, such as sudden

appearance of skin folds or changes in the shape of anatomical features.

The internal consistency controller 402 is configured to monitor the data output by the

various tracking controllers or filters 202 to detect discrepancies between the tracking

controllers or filters 202. For example, the internal consistency controller 402 can be

configured to compare position estimates from each tracking controller 202 and to send a

signal to the veto controller or filter 406 when the differences in position estimates from

different tracking controllers or filters 202 exceed a threshold level or an estimated maximum

magnitude of error. The threshold level that, if exceeded, triggers a signal to the veto

controller or filter 406, can be a predetermined value or a continuously modified value based

on, for example, weighting of different probabilities of the various discrepancies encountered,

a Bayesian probability approach, or other methods.

FIG. 5 depicts an embodiment of a process flow diagram illustrating an example of

tracking and compensating for motion in biomedical imaging using a motion tracking system.

At block 502 the process begins. At block 504 the system provides baseline data representing



a patient position. For example, the detectors 102 as shown in the motion tracking system

100 of FIG. 1 acquire information about a subject, such as images of the subject, and send this

data to the detector processing interface 104. The detector processing interface 104 is

configured to analyze this data and determine a baseline positioning of the patient or the

object of interest. At block 506 a scanner, such as the scanner 108 of the motion tracking

system 100, begins an imaging scan of the patient. For example, an MRI scanner begins a

magnetic resonance imaging scan of the patient.

At block 508 the detectors acquire new patient movement data. For example, the

detectors acquire new images, camera frames, distance estimates, or the like of the patient or

the object of interest. At block 510 the system analyzes the new patient movement data to

estimate a new patient positioning. For example, the data from the detectors 102 is analyzed

by each of the tracking controllers or filters 202 as described above, and each tracking

controller 202 generates an estimate of the new patient position. The estimates from the

various tracking controllers or filters 202 are then fed into the tracking combination interface

204. The tracking combination interface 204 combines the various estimates from the

tracking controllers or filters 202 and generates a single estimate to send to the scanner

controller 106. At block 512 the tracking combination interface generates tracking data

containing the single estimate derived from the various estimates from the tracking controllers

or filters 202. At block 514 the scanner controller utilizes the tracking data from the tracking

combination interface to adjust the scanner to compensate for patient movement. For

example, the scanner controller 106 adjusts in real time scan planes, locations, or orientations

of the scanner.

At block 516 the process varies depending on whether imaging scan is complete. If

the imaging scan is not complete, the process returns to block 508 and acquires new patient

movement data from the detectors. This process continues throughout the imaging scan to

continuously adjust the scanner based on patient motion. When the imaging scan is complete,

the process moves from block 516 to the end of the process at block 518.

FIG. 6 depicts an embodiment of a process flow diagram illustrating an example of

tracking and compensating for motion in biomedical imaging using a motion tracking system.

In this embodiment, the process includes blocks that analyze the quality of the tracking



information and potentially notify the scanner controller of inconsistencies in the tracking

information. The process begins at block 602. At block 604 baseline data representing the

patient position is provided. For example, detectors, such as the detectors 102 shown in the

motion tracking system 100, detect patient data and send that data to a detector processing

interface, such as the detector processing interface 104 shown in the motion tracking system

100. The detector processing interface analyzes the data from the detectors and determines a

baseline positioning of the patient or object of interest as previously described.

At block 606 the scanner begins an imaging scan of the patient. At block 608 new

patient movement data is acquired from the detectors. For example, the detectors acquire

new images, distance estimates, or the like of the current patient position or orientation. At

block 610 the new patient movement data is analyzed to estimate a new patient position. For

example, the detector processing interface 104 shown in the motion tracking system 100

utilizes its tracking controllers or filters 202 and tracking combination interface 204 to

generate an estimate of the new patient position, as described above. At block 612 the system

analyzes the detector data and/or the new patient position data to determine a quality of the

movement data. For example, multiple deformation detectors, such as the deformation

detectors 404 shown in the motion tracking system 400, analyze the new patient data from the

detectors 102 to determine if the object being tracked is experiencing, for example, skin

deformations that may reduce the quality of the tracking data. Additionally, an internal

consistency controller, such as the internal consistency controller 402 of the motion tracking

system 400, analyzes the output of each tracking controller or filter to determine if, for

example, outputs of the various tracking controllers or filters differ by more than a

predetermined threshold amount.

At block 614 the system generates tracking data describing the estimated positioning

of the patient or object of interest. The tracking data can be generated, for example, by using

the tracking combination interface 204 shown in the motion tracking system 400. At block

616 the scanner controller uses the generated tracking data to adjust the scanner to

compensate for patient movement. For example, the scanner controller instructs the scanner

to adjust scan planes, locations, or orientations.



At block 618, the process, for example by using a veto controller 406, determines

whether the tracking quality is sufficient. If the veto controller 406 determines that an output

from the internal consistency controller 402 or one of the deformation detectors 404 indicates

unreliable tracking data, the veto controller can send a veto signal indicating that the tracking

quality is insufficient. At block 620, if the tracking quality is insufficient, the scanner 108 can

be instructed to pause acquisition of scanner data and/or to acquire dummy scanner data, for

example, by sending a veto signal from the veto controller 402 to the scanner controller 106.

The process then moves back to block 608 and acquires new patient movement data,

continuing the process as before. This process can continue until the tracking quality is

determined to be sufficient. If the tracking quality is determined to be sufficient at block 618,

the process moves to block 622. At block 622, the process varies depending on whether the

imaging scan is complete. If the imaging scan is not complete, the process moves to block

624 and acquires new scanner data with the imaging scanner. The process then moves back

to block 608 and acquires new patient movement data and continues the process as previously

described. If at block 622 the scan is complete, the process moves to block 626 and ends. In

an embodiment, the system can be configured to move to block 626 if the system fails to

complete a scan, times out, or exceeds a certain number of pauses or dummy scans at block

618 or block 622.

In some embodiment, blocks 616 and 618 are reversed. In these embodiments, the

process determines whether the tracking quality is sufficient before the process adjusts the

scanner to compensate for patient movement.

FIG. 7 depicts an embodiment of a process flow diagram illustrating an example of

combining position estimates from more than one motion tracking controller or filter to

produce a single or unitary position estimate. This embodiment illustrates an example of how

a motion tracking system can use multiple tracking controllers or filters, such as the tracking

controllers or filters 202 shown in FIG. 2, to individually calculate an estimate of a patient

position, and then combine the various estimates to develop a single or unitary estimate using

a tracking combination interface, such as the tracking combination interface 204 shown in

FIG. 2 . At block 702 the process begins. At block 704, the system receives both new and old

patient movement data, such as images, distance estimates, or the like from the detectors 102.



The new and old patient movement data is received by the detector processing interface 104

and sent to the various tracking controllers or filters 202.

At blocks 710, 712, 714, 716, and 718 various tracking controllers or filters 202

estimate a new patient position using the new and old patient movement data received at

block 704. For example, one tracking controller or filter 202 estimates a new patient position

using anatomical landmark tracking, one tracking controller estimates a patient position using

three dimensional surface modeling, another tracking controller estimates the new patient

position using distance estimation, or the like, as described above. At blocks 720, 722, 724,

726, and 728 the various tracking controllers or filters provide a weighting factor for their

respective position estimates. For example, a weighting factor may include an error estimate,

a probability, a confidence level, or another measure related to accuracy. Each weighting

factor can be used to indicate at least partially a weight that should be applied to the patient

positioning estimate output by each tracking controller. For example, if a one tracking

controller 202 develops an estimate that it determines to be relatively accurate, that tracking

controller's weighting factor may be 95 (on a scale of 1-100). If another tracking controller

202 develops an estimate that it determines to be relatively inaccurate or having a relatively

large margin of error, that tracking controller's weighting factor may be 20 (on the same scale

of 1-100).

At block 730 the system estimates a single or unitary new patient position, for

example, by using the tracking combination interface 204, to combine the estimates from each

tracking controller 202. This process of combining estimates from the various tracking

controllers or filters can take various forms. For example, the estimates can be combined

using a simple average or a weighted average based on the weighting factors provided by each

tracking controller 202. Another option is a winner takes all approach. In a winner takes all

approach, the tracking combination interface merely picks the estimate from the tracking

controller having the highest weighting factor. The tracking combination interface may also

use other more complex approaches, such as Bayesian probability or other statistical

approaches. In some embodiments, at block 730 the tracking combination interface 204 also

considers prior patient position estimates in estimating the new patient position. For example,

the tracking combination interface can use Kalman filtering or other prediction approaches.



The process ends at block 732. In a complete motion tracking system, such as the motion

tracking system 200 shown in FIG. 2, the process illustrated in FIG. 7 can be performed

continuously throughout an imaging scan to continuously develop position estimates and

adjust the scanner in real time.

FIG. 8 depicts an embodiment of a process flow diagram illustrating an example of

estimating tracking quality during an imaging scan. The process shown in FIG. 8 illustrates

estimating deformation of an object of interest and estimating the internal consistency of

tracking data, and then combining each of those estimates to estimate an overall tracking

quality. The overall tracking quality is used to create a veto flag or signal as needed when

tracking quality is insufficient, as described above. The process begins at block 802. At block

804 new and old patient movement data is received, for example, from detectors, such as the

detectors 102 shown in the motion tracking system 400 of FIG. 4 . The patient movement

data may comprise, for example, images, distance estimates, or the like.

At blocks 810, 812, 814, 816, and 818 deformation of the subject or object of interest

is estimated using various deformation filters, such as the deformation detectors 404 shown in

FIG. 4 . The various deformation filters can use different detection methods, such as anatomy

shape analysis, three dimensional surface modeling, distance estimation, and/or skin folding

analysis, as described above. At blocks 820, 822, 824, 826, and 828, each deformation

detector provides a deformation factor representing at least partially the estimated accuracy of

the estimate produced by each deformation detector. The deformation factors may include an

absolute measure of deformation, a measure of nonlinear warping, an error estimate, a

probability, a confidence level, or another measure related to the accuracy of the estimate of

deformation of the object of interest.

At block 830 the internal consistency of the tracking data from the tracking controllers

or filters is estimated. This function may be performed by, for example, an internal

consistency controller, such as the internal consistency controller 402 shown in FIG. 4 . The

internal consistency controller 402, as described above, analyzes the positional data from the

various tracking controllers or filters and determines if there are inconsistencies between the

various controllers or filters that exceed a certain level.



At block 832 a controller, such as the veto controller 406 shown in FIG. 4, estimates

the overall tracking quality of the motion tracking data. For example, the veto controller 406,

as described above, combines the deformation detector data with the internal consistency

controller data and determines whether the tracking data is of sufficient quality. At block 834,

if the veto controller determines the overall tracking quality is of insufficient quality, the veto

controller creates a veto flag or signal for a scanner controller or an image processing system,

such as the scanner controller 106 shown in FIG. 4 or the image processing system 902 shown

in FIG. 10. At block 836 the process is complete. In a complete motion tracking system,

such as the motion tracking system 400 shown in FIG. 4, the process illustrated in FIG. 8 can

be performed continuously throughout an imaging scan to continuously develop tracking

quality estimates and inform the scanner controller or image processing system when tracking

quality is insufficient.

FIG. 9 is an embodiment of a schematic diagram illustrating a motion tracking system

900. The motion tracking system 900 comprises detectors 102, a detector processing

interface 104, an image processing system 902, a scanner image acquisition interface 904, and

a scanner 108. In the motion tracking system 900, the detector processing interface analyzes

patient movement data from the detectors 102 to estimate patient/object of interest movement

during a scan. The detector processing interface 104 generates tracking data defining the

estimates of the patient/object of interest's movement and sends the tracking data to an image

processing system 902. In this embodiment, the motion tracking system 900 corrects for

patient motion during image reconstruction or post-processing rather than adjusting a scanner

in real time to compensate for patient movement. One advantage of the embodiment shown in

FIG. 9 is that the motion tracking system 900 does not require a scanner with the ability to

adjust imaging parameters, such as scan planes, locations, or orientations, in real time. In

some embodiments, a motion tracking system includes features of both the motion tracking

system 100 shown in FIG. 1 and the motion tracking system 900 shown in FIG. 9 . For

example, a motion tracking system can be configured to adjust some scanner parameters in

real time while other parameters are compensated for during image reconstruction or post

processing.



FIG. 10 is a block diagram depicting an embodiment of a motion tracking system

1000. The motion tracking system 1000 comprises one or more detectors 102, a detector

processing interface 104, an image processing system 902, a scanner image acquisition

interface 904, and a scanner 108. The motion tracking system 1000 operates similarly to the

motion tracking system 200 shown in FIG. 2 . However, the motion tracking system 1000

sends tracking data from the detector processing interface 104 to an image processing system

902 instead of a scanner controller 106. The scanner acquisition interface 904 receives images

from the scanner 108 and sends the images to the image processing system 902. The image

processing system 902 is configured to receive image data from the scanner image acquisition

interface 904 and tracking data from the detector processing interface 104. The image

processing system 902 is configured to adjust the image data based on the tracking data

received from the detector processing interface 104 to compensate for patient movement.

FIG. 11 is a block diagram depicting an embodiment of a motion tracking system

1100. The motion tracking system 1100 is similar to the motion tracking system 400 shown

in FIG. 4; however, the motion tracking system 1100 is configured to correct for patient

movement during image reconstruction or post-processing rather than adjusting a scanner in

real time due to patient movement. In the motion tracking system 1100, tracking data and/or

a veto signal from the detector processing interface 104 are sent to an image processing

system 902, instead of to a scanner controller 106. The image processing system 902 uses

tracking data from the detector processing interface 104 to correct images received from the

scanner image acquisition interface 904 for patient motion during image reconstruction or

post-processing. The image processing system 902 can be configured to not adjust certain

images for motion during image reconstruction when the image processing system 902

receives a veto signal from the detector processing interface 104. The veto controller 406

operates to generate the veto signal as describe above in reference to various other

embodiments.

FIG. 12 depicts an embodiment of a process flow diagram illustrating an example of

tracking and compensating for motion in biomedical imaging using a motion tracking system.

The process shown in FIG. 12 can be implemented by, for example, the motion tracking

system 900 shown in FIG. 9 . At block 1202 the process begins. The system provides baseline



data representing a patient's pre-scan position at block 1204. For example, detectors 102

detect information, such as images of a patient or object of interest, and send this information

to a detector processing interface 104. The detector processing interface 104 uses various

tracking controllers or filters 202 and a tracking combination interface 204, as described

above, to then determine a baseline positioning of the patient or object of interest. At block

1206 the imaging scan of the patient or object of interest is begun.

At block 1208 new patient movement data, for example images, distance estimates, or

the like, is acquired using the detectors 102. At block 1210 the new patient movement data is

analyzed and compared to the baseline patient data to determine a new patient positioning

estimate as described above. Block 1210 is performed by, for example, the detector

processing interface 104 shown in FIG. 10. At block 1212 the system generates motion

tracking data. The motion tracking data can be generated by, for example, the tracking

combination interface 204 shown in FIG. 10, and describes the motion estimate generated by

the tracking combination interface 204. At block 1214 scanner data is acquired. For example,

the scanner 108 shown in FIG. 10 acquires scanner image data and sends the data to the

scanner image acquisition module 904.

At block 1216 the image processing system, such as the image processing system 902

shown in FIG. 10, utilizes the acquired scanner data and generated tracking data to modify

scanner images to compensate for patient movement. At block 1218 the process varies

depending on whether the imaging scan is complete. If the imaging scan is not complete the

process proceeds back to block 1208 and acquires new patient movement data from the

detectors 102. The process then continues as described above. This process continues

throughout the imaging scan to continuously modify the scanner images based on patient

motion. If the imaging scan is complete at block 1218, the process proceeds to block 1220

and the process is complete.

FIG. 13 depicts an embodiment of a process flow diagram illustrating an example of

tracking and compensating for motion in biomedical imaging using a motion tracking system.

The process illustrated in FIG. 13 can be performed by, for example, the motion tracking

system 1100 shown in FIG. 11 . The process begins at block 1302. At block 1304 baseline

data representing a baseline patient position is provided. For example, the detectors 102 can



detect images of the patient and send that data to the detector processing interface 104 for

determination of a baseline patient position. At block 1306 an imaging scan of the patient is

begun by the scanner 108.

At block 1308 new patient movement data (for example, images, distance estimates, or

the like) is acquired from the detectors. At block 1310 the new patient movement data from

the detectors is analyzed to estimate a new patient position. For example, the various tracking

controllers or filters 202 analyze the data from the detectors 102 to develop estimates of the

new patient positioning, as described above. The tracking combination interface 204 then

combines the estimates from the various tracking controllers or filters to generate one unitary

patient positioning estimate, as described above.

At block 1312 the system analyzes the detector data and/or the patient position data

from the tracking controllers or filters to estimate a quality of the movement data. For

example, as described above, the deformation detectors 404 and internal consistency interface

402 can analyze data from the detectors 102 and/or tracking controllers or filters 202 to

estimate a level of quality. At block 1314 tracking data is generated. For example, the

tracking combination interface 204 generates tracking data based on a combination of the

various estimates from the tracking controllers or filters 202.

At block 1316 the process determines whether the tracking quality is sufficient. For

example, the veto controller 406 analyzes the data from the internal consistency controller 402

and deformation detectors 404, as described above, to determine whether a certain level of

quality has been met and therefore whether a veto signal should be generated and sent to, for

example, the image processing system 902. If the tracking quality is not sufficient, at block

1318 the process pauses or holds scanner acquisition and/or instructs the scanner 108 to

acquire dummy scanner data. The process then proceeds back to block 1308 and acquires

new patient movement data from detectors. If the tracking quality is determined to be

sufficient at block 1316, then the process proceeds to block 1320. At block 1320 the process

varies depending on whether the scan is complete. If the scan is not complete, the process

moves to block 1322 and scanner data is acquired by the scanner 108. At block 1324 the

image processing system 902 utilizes the scanner data from the scanner 108 and scanner image

acquisition interface 904 to adjust the image data to compensate for patient movement based



on the tracking data received from the detector processing interface 104. The process then

proceeds back to block 1308 and acquires new patient movement data from the detectors. If

the scan is determined to be complete at block 1320, then the process proceeds to block 1326

and the process is complete.

FIG. 14 depicts an embodiment of a process flow diagram illustrating an example of

tracking and compensating for motion in biomedical imaging using a motion tracking system.

The process embodied in FIG. 14 illustrates another example of tracking patient movement

and analyzing the quality of the movement tracking data. If the movement tracking data is not

of sufficient quality, then the process is configured to ignore scanner data. The process begins

at block 1402. At block 1404 baseline data representing the patient's baseline position is

provided. For example, the detectors 102 of the motion tracking system 1100 detect patient

movement data and send that data to the detector processing interface 104. The detector

processing interface 104 uses its tracking controllers or filters 202 and tracking combination

interface 204 to determine the baseline patient positioning estimate.

At block 1406 the imaging scan of the patient is begun. At block 1408 new patient

movement data from the detectors 102 is acquired. At block 1410, the detector processing

interface 104 analyzes the new patient movement data to determine a new patient position

estimate. The detector processing interface 104 determines the new patient positioning

estimate using its tracking controllers or filters 202 and tracking combination interface 204 as

described above. At block 1412 the detector processing interface 104 analyzes the detector

data and/or the new patient position estimate data to determine a quality of the overall patient

movement estimate data. For example, the detector processing interface 104 utilizes the

internal consistency controller 402 and deformation detectors 404 to analyze a quality of the

data from the detectors 102 and tracking controller 202, as described above.

At block 1414 tracking data is generated. The tracking data is generated by the

tracking combination interface 204 to be sent to the image processing system 902, as

described above. At block 1416 the scanner 108 acquires scanner data. At block 1418 the

process varies depending on whether the tracking quality is sufficient. For example, the veto

controller 406 determines whether the quality as estimated by the deformation detectors 404

and internal consistency controller 402 exceeds a certain quality level. If the tracking quality



is not sufficient, the process moves to block 1420, wherein the image processing system 902 is

instructed to ignore the relevant scanner data. The process then moves back to block 1408

and acquires new patient movement data from the detectors. The process repeats in this

fashion until the tracking quality is found to be sufficient. When the tracking quality is found

to be sufficient at block 1418, the process moves to block 1422. At block 1422 the process

varies depending on whether the scan is complete. If the scan is not complete the process

moves to block 1424. At block 1424 the image processing system 902 utilizes the tracking

data from the detector processing interface 104 to compensate for patient movement in the

acquired images. The process then moves back to block 1408 and acquires new patient

movement data from detectors. The process continues in this fashion until the imaging scan is

complete. When the scan is complete at block 1422 the process moves to block 1426 and the

process is complete.

FIG. 15 depicts another embodiment of a process flow diagram illustrating an example

of tracking and compensating for motion in biomedical imaging using a motion tracking

system. The process shown in FIG. 15 illustrates an example of tracking a jointed object,

such as a human knee joint. The process shown in FIG. 15 can be performed by various

motion tracking systems, for example the motion tracking system 200 shown in FIG. 2 . The

process begins at block 1502. At block 1504 baseline data representing the position of an

object of interest is provided. For example, the object of interest may be a knee joint of a

human being. At blocks 1506 and 1508 baseline data is provided representing positions of a

first related object and a second related object. For example, at block 1506 baseline positional

data representing a position of the patient's upper leg is provided. At block 1508, baseline

positional data representing the position of the patient's lower leg is provided. The baseline

positional data provided in blocks 1504, 1506, and 1508 can be provided as described above

using detectors 102 and a detector processing interface 104.

At block 1510 an imaging scan of the patient/object of interest is begun. At block

1512 new patient movement data is acquired from the detectors, such as the detectors 102

shown in FIG. 2 . At block 1514 the new patient movement data is analyzed to determine the

new position of related object 1, such as the patient's upper leg. At block 1516 the new

patient movement data is analyzed to estimate the new position of related object 2, such as the



patient's lower leg. The new positions of related objects 1 and 2 can be determined as

described above using, for example, the detector processing interface 104 shown in FIG. 2 .

At block 1518 a new position of the object of interest is derived from the new

positions of related objects 1 and 2 . For example, a knee joint position or orientation can be

derived from an estimated positioning of the patient's upper leg and lower leg. At block

1520, tracking data is generated to enable the scanner to track movement of the object of

interest, such as the patient's knee joint. The tracking data can be generated by the detector

processing interface 104 as described above.

At block 1522, a scanner controller, such as the scanner controller 106 shown in FIG.

2, utilizes the tracking data to adjust the scanner in real time to compensate for movement of

the object of interest. At block 1524 the process varies depending on whether the imaging

scan is complete. If the imaging scan is not complete, the process goes back to block 1512

and acquires new patient movement data from the detectors. The process continues in this

fashion until the imaging scan is complete. If the imaging scan is complete, the process moves

to block 1526, and the process is complete.

FIG. 16 depicts an embodiment of a process flow diagram illustrating an example of

tracking and compensating for motion in biomedical imaging using a motion tracking system.

The process shown in FIG. 16 can be used, for example, to increase an accuracy of tracking

an object of interest by additionally tracking related objects and combining estimates based on

directly tracking the object of interest and estimates derived from tracking the related objects.

The process begins at block 1602. At block 1604 baseline data representing the position of

the object of interest is provided. For example, when tracking a knee joint of a human being,

baseline positional information of the knee joint is provided. The baseline positional

information can be provided by, for example, utilizing the motion tracking system 200 shown

in FIG. 2 . At blocks 1606 and 1608 baseline data representing position estimates of two

related objects are provided. At block 1606 an estimate of a position of a first related object,

such as the patient's upper leg, is provided. At block 1608 a position estimate of a related

object 2 is provided, such as the patient's lower leg.

At block 1610 the imaging scan of the patient is begun. At block 1612 new patient

movement data is acquired from the detectors 102. At block 1614 the new patient movement



data is analyzed to estimate a new position of related object 1 . For example, the detector

processing interface 104 shown in FIG. 2 is used as described above to estimate the new

position of the patient's upper leg. At block 1616 the new patient movement data is analyzed

to estimate the new position of related object 2 . For example, the detector processing

interface 104 is used to estimate a position of the patient's lower leg. At block 1618 the

patient movement data is analyzed to determine a first estimate of the new position of the

object of interest. For example, the detector processing interface 104 is used as described

above to estimate the new position of the patient's knee joint.

At block 1620 a confidence level is provided for the first estimate of the position of

the object of interest. The confidence level can be a weighting factor, a probability, or another

measure related to accuracy. The confidence level can be an indication of how accurately the

detector processing interface has estimated the new position of the object of interest.

At block 1622 a second estimate of the new position of the object of interest is

calculated by deriving the estimate from the new position estimates of related objects 1 and 2 .

For example, when tracking a knee joint, an estimate of the position or orientation of the knee

joint can be derived from estimates of the patient's upper leg and lower leg positioning. At

block 1624 the system provides a confidence level for the second estimate of the object of

interest's position. The confidence level can be an error estimate, a probability, or other

measure related to accuracy.

At block 1626 a third estimate of the new positioning of the object of interest is

calculated by combining the first and second estimates. In some embodiments, the first and

second estimates are combined with a simple average or weighted average, weighting each

estimate based on its relative confidence level. In other embodiments, the first estimate and

second estimate are combined in a winner takes all approach. For example, the estimate with

the highest relative confidence level may be used and the other one discarded. In other

examples, the first estimate and second estimate can be combined using Bayesian probability

or other statistical approaches. At block 1628 the system generates tracking data based on a

differential between the third estimate of the patient's new positioning and the old or prior

positioning estimate of the object of interest. This tracking data can be generated, for

example, by the tracking combination controller 204 as described above.



At block 1630 the scanner controller utilizes the tracking data to adjust the scanner to

compensate for movement of the patient or object of interest. At block 1632 the process

varies depending on whether the imaging scan is complete. If the imaging scan is not

complete, the process goes back to block 1612 and acquires new patient movement data from

the detectors. The process continues in this fashion until the imaging scan is complete. When

the imaging scan is complete at block 1632, the process proceeds to block 1634 and is

complete.

In some embodiments of motion tracking systems, the motion tracking system is

configured to associate subject motion or movement tracking data with image data acquired

from a scanner and to display the tracking data along with the associated image data by, for

example, overlaying the tracking data over the image data. For example, FIG. 18 illustrates

an embodiment of a scanner image 1802 combined with a tracking data overlay 1804 and a

pictorial tracking overlay 1806. The scanner image 1802 is, for example, a magnetic

resonance image acquired using a magnetic resonance scanner, such as the scanner 108 shown

in FIG. 17. While the scanner image 1802 shown in FIG. 18 depicts an entire human body,

the scanner image 1802 can be an image of any object being scanned, for example, a human

brain, a knee joint, or the like.

The tracking data overlay 1804 shown in FIG. 18 can be configured to display

information related to motion of the subject or object of interest that occurred during the scan

represented by the scanner image 1802 and that was tracked by a motion tracking system,

such as the motion tracking system 1700 shown in FIG. 17. For example, the tracking data

overlay 1804 can be configured to display a speed or velocity of tracked movement. The

speed or velocity can be displayed in numerical form (for example, 10 mm/sec), or in pictorial

form, for example, by displaying a horizontal bar having a relatively long length to represent a

relatively fast speed or a relatively short length to represent a relatively slow speed, or by

displaying a graph representing the temporal evolution of motion during the scan. The

tracking data overlay 1804 can also be configured to display a magnitude of tracked

movement. The magnitude can be displayed in numerical form (for example, 10 mm), or in

pictorial form, for example, by displaying a horizontal bar having a relatively long length to



represent a relatively large movement or a relatively short length to represent a relatively small

movement.

The tracking data overlay 1804 can additionally be configured to display a direction of

tracked movement. The direction can be displayed in numerical or pictorial form. For

example, the direction can be depicted as numerical values representing the three translations

and three rotations in the detector and/or scanner coordinate systems. In some embodiments,

the direction can be depicted using a pictorial representation or representations of a rotated or

translated coordinate system or of a motion path of the tracked subject (for example, using the

motion indicators 2104 shown in FIG's 21, 22A-22D, and 23A-23C).

In some embodiments, a pictorial representation can be configured to show a speed,

magnitude, or direction of tracked motion, or any combination thereof. For example, an

arrow, such as the motion indicator 2104 shown in FIG. 21, can be configured to display

directions by the direction or directions the arrow or segments of the arrow are pointing,

magnitude by lengths of the arrow segments, and/or velocity by a color or thickness of the

arrow segments.

In some embodiments, the tracking data overlay 1804 can be configured to display

absolute values, average values, median values, minimum values, maximum values, variance

values, range values, and the like, or any combination thereof.

The tracking data overlay 1804 can also be configured to indicate whether or not

motion compensation was applied to the scanner image 1802. For example, the tracking data

overlay 1804 can be configured to display text, such as "Comp: ON" or "Comp: OFF" to

indicate that motion compensation was or was not applied, respectively. The motion tracking

system can alternatively be configured to display whether motion compensation was applied to

the scanner image 1802 is various other ways. For example, a portion of the scanner image

1802, such as a border, a graphic, a bar, text, or the like, can be configured to be a different

color depending on whether or not motion tracking was applied.

In some embodiments, a scanner image 1802 can be combined with multiple tracking

data overlays 1804. For example, in a motion tracking system configured to adjust or update

scanner parameters based on tracked motion more than one time during the creation of each

scanner image 1802, the scanner image 1802 can be configured to display a separate tracking



data overlay 1804 for each adjustment or update to the scanner parameters. Alternatively, the

system can be configured to combine all adjustments or updates into one tracking data overlay

1804 by providing, for example, average values, median values, minimum values, maximum

values, variance values, range values, or the like.

The pictorial tracking overlay 1806 shown in FIG. 18 can be configured to indicate

pictorially the position of the subject or object of interest during the creation of the scanner

image 1802. For example, the pictorial tracking overlay 1806 illustrates a human head turned

slightly to the left. The positioning of the head shown in the pictorial tracking overlay 1806

can indicate, for example, the positioning of the subject's head at the beginning of scan

illustrated by scanner image 1802, at the end of the scan, at the middle of the scan, or, for

example, an average position of the subject's head during the scan.

In some embodiments, the pictorial tracking overlay 1806 can additionally or

alternatively be configured to display motion that was tracked during the creation of scanner

image 1802. For example, a series of semi-transparent depictions of a human head can be

shown on top of one another but slightly translated or rotated with respect to each other to

depict the tracked motion. In other examples, as illustrated in FIGS. 21, 22A-22D, and 23A-

23C, various motion indicators 2104 can be configured to display tracked motion.

In some embodiments, a motion tracking system, such as the motion tracking system

1700 shown in FIG. 17, can be configured to display a video depiction of tracked motion. For

example, the system can be configured to electronically display the scanner image 1802 with

an animated pictorial tracking overlay 1806 showing the subject's tracked motion. If the

system tracked a subject's head moving from right to left during creation of the scanner image

1802, then the pictorial tracking overlay 1806 can, for example, depict an animated head

moving from right to left.

Although the pictorial tracking overlay 1806 illustrated in FIG. 18 shows a

representation of a human head, in some embodiments the pictorial tracking overlay 1806 can

alternatively include a representation of any other organ being scanned or even an arbitrary

shape, cross, coordinate system axes depiction, or the like. In some embodiments, the

pictorial tracking overlay 1806 can include a visual photographic image and/or video of the

subject, for example, as acquired by one or more of the detectors 102.



FIG. 2 1 illustrates an embodiment of a tracked motion display 2100. The tracked

motion display 2100 includes a subject representation 2102 and a motion indicator 2104. The

subject representation 2102 can be, for example, a representation of a human head or any

other object of interest being scanned. The motion indicator 2104 comprises an arrow with

multiple segments indicating motion that was tracked during a scan. For example, in this

embodiment, the motion indicator 2104 is displaying that the patient rotated his or her head

generally up and to the left during a scan. The tracked motion display 2100 can be used as a

pictorial tracking overlay 1806 as described above. The tracked motion display 2100 can

alternatively be displayed on a separate electronic display or on a separate printout.

FIGS. 22A-22D illustrate various embodiments of tracked motion displays 2200. The

tracked motion displays 2200 include a subject representation 2102, a motion indicator 2104,

and a compensation indicator 2202. In some embodiments, the tracked motion displays 2200

represent individual frames of an animated video showing tracked motion and whether or not

motion compensation was applied. In other embodiments, the tracked motion displays 2200

are static displays associated with specific scanner images and displayed along with their

associated scanner images by, for example, being used as a pictorial tracking overlay 1806 as

described above or being displayed on an electronic display while a user is viewing the

scanned images.

The compensation indicators 2202 are configured to display whether or not motion

compensation was applied to the scanner image or images associated with each tracked

motion display 2200. For example, if compensation was not applied, the compensation

indicator 2202 is configured to be colored red and to say "No Prospective Motion

Correction." If compensation was applied, the compensation indicator 2202 is configured to

be colored green and to say "Prospective Motion Correction Enabled." In other

embodiments, the compensation indicators 2202 can be configured to display whether motion

compensation was applied in various other ways. For example, the compensation indicators

2202 can be a colored border or background that changes colors depending on whether

motion compensation was applied.

The motion indicator 2104 is configured to indicate motion of the patient or object of

interest that was tracked during the scan. In some embodiments, the motion indicator 2104 is



configured to only display motion tracked during creation of the scanned image associated

with that tracked motion display 2200. In other embodiments, the motion indicator 2104 is

configured to be cumulative. For example, in some embodiments, the motion indicator 2104

is configured to display motion tracked during creation of the scanned image associated with

that tracked motion display 2200, but also to display motion tracked during prior scanned

images. In some embodiments, the subject representation 2101 is also configured to display

tracked motion. For example, in FIG. 22C, the subject representation 2101 is shown tilted to

the right, indicating the patient had his or her head tilted to the right during the creation of the

scanned image or images associated with that tracked motion display 2200.

FIGS. 23A-23C illustrate additional embodiments of tracked motion displays 2300.

The tracked motion displays 2300 include a subject representation 2102, a motion indicator

2104, and a reference indicator 2304. The motion indicators 2104 comprise a representation

of coordinate system axes configured to show all three translations and all three rotations of

the object of interest through rotations and/or translations of the motion indicators 2104. The

reference indicator 2304 is configured to show where the patient's head or other object of

interest was located at the start of a scan. In some embodiments, as shown in FIG. 23B, the

subject representation 2102 remains static, along with the reference indicator 2304, and only

the motion indicator 2104 moves to display tracked motion. In other embodiments, as shown

in FIG. 23C, both the subject representation 2102 and motion indicator 2104 move to display

tracked motion. In some embodiments, the motion indicator 2104 and/or reference indicator

2304 are displayed using different colors to allow a user to more easily differentiate between

them. For example, as shown in FIGS. 23A-23C, the motion indicator 2104 is shown using a

red color and the reference indicator 2304 is shown using a blue color. In some embodiments,

the indicators are illustrated using different line styles to allow a user to more easily

differentiate between them. For example, as shown in FIGS. 23A-23C, the motion indicator

2104 is shown using solid lines and the reference indicator 2304 is shown using dashed lines.

In various embodiments, motion indicators, such as those shown in FIGS. 21, 22A-22D, and

23A-23C, can be configured to be displayed using a different color than the subject

representation to allow a user to more easily differentiate between the subject representation



and motion indicator. For example, the subject representations in various figures are

illustrated as black, while the motion indicators are illustrated as blue or red.

FIG. 17 is a block diagram depicting an embodiment of a motion tracking system

1700. The motion tracking system 1700 comprises one or more detectors 102, a detector

processing interface 104, a scanner controller 106, a scanner 108, a scanner image acquisition

interface 904, an image overlay interface 1702, and an image data database 1704. The

detector processing interface further comprises several tracking controllers or filters 202 and a

tracking combination interface 204, as described above and illustrated in, for example, motion

tracking system 200. The motion tracking system 1700 operates similarly to the motion

tracking system 200 shown in FIG. 2, with the addition of the scanner image acquisition

controller 904, image overlay interface 1702, and image data database 1704, as described

below.

Although motion tracking system 1700 is illustrated using multiple tracking controllers

or filters 202 utilizing both markerless tracking techniques (for example, anatomical landmark

tracking, distance tracking, or the like) and marker-based tracking techniques, the concepts

described herein relating to image overlay techniques can be applied to any motion tracking

system, including, but not limited to, systems using markerless tracking controllers, tracking

controllers utilizing markers, or any combination thereof. The image overlay techniques

described herein can additionally be used with motion tracking systems that utilize only one

method of tracking and therefore do not comprise a tracking combination interface 204.

In operation, the scanner controller 106 shown in FIG. 17 receives tracking data

describing tracked motion of the object of interest from the detector processing interface 104.

The scanner controller 106 optionally uses this tracking data to adjust one or more parameters

of the scanner 108 to compensate for the tracked motion. The scanner controller 106

additionally sends the tracking data and an indicator of whether or not the scanner controller

106 adjusted the scanner 108 for the tracked motion to the image overlay interface 1702. The

image overlay interface 1702 utilizes the tracking data and indicator from the scanner

controller 106 to generate data representing, for example, the tracking data overlay 1804

and/or the pictorial tracking overlay 1806 shown in FIG 18, as described above.



In some embodiment, the image overlay interface 1702 communicates with the scanner

image acquisition interface 904 to apply one or more tracking overlays to the scanner images

acquired by the scanner image acquisition interface 904. In some embodiments, the scanner

image acquisition interface 904 sends acquired scanner images to the image data database

1704 for later retrieval and display. The image overlay interface 1702 can additionally be

configured to send data representing, for example, the tracking data overlay 1804 and/or the

pictorial tracking overlay 1806, to the image data database 1704 and to associate this overlay

data with the acquired scanner image or images in the database to which it should be applied.

Scanner images can be retrieved from the image data database 1704 along with the associated

overlay data to be, for example, printed, displayed on an electronic display device, transmitted

through a network for display at a remote terminal, or the like.

FIG. 19 depicts an embodiment of a process flow diagram illustrating an example of

tracking and compensating for motion in biomedical imaging using a motion tracking system.

This embodiment additionally illustrates an example of storing and/or overlaying tracking data

for display along with acquired scanner images. At block 1902 the process begins. At block

1904 the system provides baseline data representing a patient position. For example, the

detectors 102 as shown in the motion tracking system 1700 of FIG. 17 acquire information

about a subject, such as images of the subject, and send this data to the detector processing

interface 104. The detector processing interface 104 is configured to analyze this data and

determine a baseline positioning of the patient or the object of interest. At block 1906 a

scanner, such as the scanner 108 of the motion tracking system 1700, begins an imaging scan

of the patient. For example, an MRI scanner begins a magnetic resonance imaging scan of the

patient.

At block 1908 the detectors acquire new patient movement data. For example, the

detectors acquire new images, camera frames, distance estimates, or the like of the patient or

the object of interest. At block 1910 the system analyzes the new patient movement data to

estimate a new patient positioning. For example, the data from the detectors 102 is analyzed

by each of the tracking controllers or filters 202 as described above, and each tracking

controller 202 generates an estimate of the new patient position. The estimates from the

various tracking controllers or filters 202 are then fed into the tracking combination interface



204. The tracking combination interface 204 combines the various estimates from the

tracking controllers or filters 202 and generates a single estimate to send to the scanner

controller 106. At block 1912 the tracking combination interface generates tracking data

containing the single estimate derived from the various estimates from the tracking controllers

or filters 202. At block 1914 the scanner controller optionally utilizes the tracking data from

the tracking combination interface to adjust the scanner to compensate for patient movement.

For example, the scanner controller 106 adjusts in real time scan planes, locations, or

orientations of the scanner. In some cases the scanner controller may not adjust the scanner,

because, for example, a veto signal indicates the current tracking data is unreliable.

At block 1916, scanner data is acquired. For example, the scanner image acquisition

interface 904 shown in FIG. 17 receives data from the scanner 108 representing an image of

the subject or object of interest. At block 1918, tracking data associated with the acquired

scanner data is stored in a database and associated with the scanner data and/or overlaid onto

an image generated by the scanner image acquisition interface 904. For example, the image

overlay interface 1702 shown in FIG. 17 associates tracking data received from the scanner

controller 106 with the appropriate image data in the image data database 1704 and/or

generates data describing a tracking overlay, as described above.

At block 1920 the process varies depending on whether the imaging scan is complete.

If the imaging scan is not complete, the process returns to block 1908 and acquires new

patient movement data from the detectors. This process continues throughout the imaging

scan to continuously adjust the scanner based on patient motion and to store tracking data to

be overlaid onto the resulting scanner images. When the imaging scan is complete, the

process moves from block 1920 to the end of the process at block 1922.

FIG. 20 depicts an embodiment of a process flow diagram illustrating an example of

tracking and compensating for motion in biomedical imaging using a motion tracking system.

This embodiment additionally illustrates an example of storing and/or overlaying tracking data

for display along with acquired scanner images. The process shown in FIG. 20 can be

implemented by, for example, the motion tracking system 900 shown in FIG. 9 . At block

2002 the process begins. The system provides baseline data representing a patient's pre-scan

position at block 2004. For example, detectors 102 detect information, such as images of a



patient or object of interest, and send this information to a detector processing interface 104.

The detector processing interface 104 uses various tracking controllers or filters 202 and a

tracking combination interface 204, as described above, to then determine a baseline

positioning of the patient or object of interest. At block 2006 the imaging scan of the patient

or object of interest is begun.

At block 2008 new patient movement data, for example images, distance estimates, or

the like, is acquired using the detectors 102. At block 2010 the new patient movement data is

analyzed and compared to the baseline patient data to determine a new patient positioning

estimate as described above. Block 2010 is performed by, for example, the detector

processing interface 104 shown in FIG. 10. At block 2012 the system generates motion

tracking data. The motion tracking data can be generated by, for example, the tracking

combination interface 204 shown in FIG. 10, and describes the motion estimate generated by

the tracking combination interface 204. At block 2014 scanner data is acquired. For example,

the scanner 108 shown in FIG. 10 acquires scanner image data and sends the data to the

scanner image acquisition interface 904.

At block 2016 the image processing system, such as the image processing system 902

shown in FIG. 10, optionally utilizes the acquired scanner data and generated tracking data to

modify scanner images to compensate for patient movement. The image processing system

902 may not modify the scanner images in some cases, because, for example, a veto signal

indicates the tracking data is unreliable.

At block 2018, tracking data associated with the scanner images from the scanner

image acquisition interface 904 is stored in a database and associated with the scanner images

and/or overlaid onto the scanner images. For example, the image processing system 902 may

further comprise an image overlay interface 1702 and/or image data database 1704, as shown

in FIG. 17, to generate and/or store data representing tracking overlays associated with

scanner images, such as the tracking data overlay 1804 and/or pictorial tracking overlay 1806

shown in FIG. 18.

At block 2020 the process varies depending on whether the imaging scan is complete.

If the imaging scan is not complete the process proceeds back to block 2008 and acquires new

patient movement data from the detectors 102. The process then continues as described



above. This process continues throughout the imaging scan to continuously modify the

scanner images based on patient motion and to store tracking data to be overlaid onto the

scanner images. If the imaging scan is complete at block 2020, the process proceeds to block

2022 and the process is complete.

Detector Positions

For any of the embodiments disclosed herein, one of ordinary skill in the art will

appreciate that there can be a number of ways to position the detectors with respect to the

medical imaging scanner. Disclosed below are several embodiments for positioning detectors

with respect to the medical imaging scanner.

Any of the embodiments disclosed herein can be combined with the system illustrated

in FIG. 24. FIG. 24 is a schematic diagram illustrating a side view of the medical imaging

scanner 108 as part of the motion compensation system 2400. The motion compensation

system 2400 is similar to the motion compensation system 100 illustrated in FIG. 1 .

However, the motion compensation system 100, as described above, illustrates three detectors

102. In the motion compensation system 2400, the detectors 2408 are positioned at a 90

degree angle 422 (also referred to as a scissor angle) to each other. The detectors 2408 of the

motion compensation system 2400 are configured to view the landmark 110a along two

different lines of sight 420. The motion compensation system 2400 illustrates that the

detectors 2408 can be positioned in various ways, as long as each detector 2408 views the

landmark 110a along a different line of sight. The angle 422 can vary and can be larger or

smaller. In an embodiment, the angle 422 can be between 100 degrees and 70 degrees. In an

embodiment, the angle 422 can be between 100 degrees and 20 degrees. In an embodiment,

the angle 422 can be 30 degrees. For example, FIG. 33 illustrates a motion compensation

system 490 similar to the motion compensation system 2400, except that the angle 422 is 30

degrees. In other embodiments, the angle can be various other angles, as long as the two lines

of sight 420 are different.

Any of the embodiments disclosed herein can be combined with the system illustrated

in FIGS. 25 and 26. FIG. 25 is another embodiment of a schematic diagram illustrating a

front view of a medical imaging scanner 108 as part of a motion compensation system 430.

FIG. 26 is a schematic diagram illustrating a side view of the medical imaging scanner 108 as a



part of the motion compensation system 430. The motion compensation system 430 is similar

to the motion compensation system 100 illustrated in FIG. 1 . However, the motion

compensation system 430 further comprises a head cage or head coil 432 configured to be

positioned around a patient's head. In certain medical imaging tasks, such as certain MRI

head scans, a head cage 432 can be utilized and positioned around the patient's head. The

head cage can make it more difficult for a detector 2408 to image the landmark 110a if the

detectors 2408 were mounted to the bore of the scanner body 108. Accordingly, the motion

compensation system 430 comprises two detectors 2408 mounted to the head cage instead of

the scanner body. The detectors 2408 and motion tracking system 102 are configured to

operate similarly to as described above. The term head cage as utilized herein may be used to

describe a device configured to help position the head of a patient during an MRI scan. The

term head cage may also refer to a head coil device configured to wrap around a patient's

head to perform MRI scanning functions.

Any of the embodiments disclosed herein can be combined with the system illustrated

in FIGS. 27 and 28. FIG. 27 is another embodiment of a schematic diagram illustrating a

front view of a medical imaging scanner 108 as part of a motion compensation system 440.

FIG. 28 is a schematic diagram illustrating a side view of the medical imaging scanner 108 as a

part of the motion compensation system 440. The motion compensation system 440 is similar

to the motion compensation system 430 illustrated in FIGS. 25 and 26. However, in some

cases, there can be limited space within the bore of a scanner 108 and/or the cage 432. In

those cases, it can be difficult to position detectors 2408 to have a direct line of sight between

their lens and the landmark 110a. Accordingly, the motion compensation system 440

comprises two detectors 2408 positioned flat against the head cage 432 with a line of sight

420 being through a mirror 442 to the landmark 110a. The mirrors 442 enable an indirect line

of sight to make the system more compact but to still enable viewing of the landmark 110a

from along two different lines of sight 420. Although this embodiment illustrates the use of

mirrors with detectors mounted to a head cage, various other embodiments may use mirrors

and/or detectors attached to the scanner body, the head cage, or any other location, as long as

the detectors can view the optical marker through the mirrors. In some embodiments,

multiple mirrors are used to redirect the line of sight 420 multiple times. For example, a



detector 2408 may be positioned outside of the scanner and have its line of sight pass through

one or more mirrors positioned within the scanner to image the optical marker.

Although the motion compensation system 440 comprises mirrors to redirect the lines

of sight, other methods of redirecting a line of sight may be used, alone or in combination with

mirrors. For example, fiber optics or prisms may be used to redirect a line of sight and create

a virtual scissor angle.

Any of the embodiments disclosed herein can be combined with the system illustrated

in FIG. 29. FIG. 29 is another embodiment of a schematic diagram illustrating a front view of

a medical imaging scanner 108 as part of a motion compensation system 450. The motion

compensation system 450 is similar to the motion compensation system 100 illustrated in FIG.

1 . However, the motion compensation system 450 comprises two landmarks 110a. In this

embodiment, each of the two landmarks 110a are directly in the line of sight of one of the

detectors 2408. However, in other embodiments, multiple landmarks 110a may be selected.

For example, multiple landmarks can be selected at various rigid or substantially rigid portions

of the object being imaged. For example, as further described below, one landmark 110a can

be a patient's top teeth, while one or more other landmarks can be selected from a patient's

forehead.

Landmarks may also be selected from locations that are not rigid or substantially rigid.

For example, a landmark may be selected from a patient's skin. In an embodiment, such as

when the landmark is selected from a patient's skin, due to skin movement or skin elasticity,

the landmark may at times move in relation to the object being scanned, which can introduce

inaccuracies into a medical imaging scan. Accordingly, in some embodiments, a motion

compensation system can be configured to differentiate between movements of the object

being scanned, such as a patient's head, and skin movement, which may not correlate to actual

movement of the object being scanned. In some embodiments, the system can be configured

to compare the positioning of two or more landmarks relative to themselves in order to

differentiate between head movement and skin movement.

Utilizing multiple landmarks 110a can have various benefits. For example, multiple

landmarks may be used for redundancy, in case one or more landmarks is not currently visible

to one or more detectors based on the current object's pose. Another advantage is that



multiple landmarks can be analyzed simultaneously by the motion tracking system 102a to

obtain multiple object pose estimates. Those multiple object pose estimates can then be

combined to generate a single more accurate estimate. For example, the multiple estimates

can be averaged to come up with an average estimate. In another example, there may be a

measure of margin of error for each estimate and the estimates may be combined using a

weighted average based on the margin of error. In other embodiments, only the most accurate

estimate is used and other estimates are dropped.

Any of the embodiments disclosed herein can be combined with the system illustrated

in FIGS. 30-31. FIGS. 30-31 illustrate additional embodiments of motion compensation

systems configured to use indirect lines of sight. Given that many medical imaging systems

have limited space within the bore of the device, it can be advantageous to position detectors

to be generally flat against a bore of the device or flush within the bore of the device. The

embodiment of a motion tracking system 460 shown in FIG. 30 illustrates a system wherein

two optical detectors 2408 are positioned flat against a bore of the medical imaging scanner

108. In this embodiment, the detectors 2408 are positioned facing each other along a

longitudinal axis of the bore. Two mirrors 442 are positioned relatively close to the detectors

to redirect their lines of sight 120 toward the landmark 110a. In this embodiment, the scissor

angle 422 is significantly smaller than 90 degrees. However, in other embodiments, the

detectors and/or mirrors may be positioned differently to increase or decrease the scissor

angle 422.

The motion compensation system 470 illustrated in FIG. 31 is similar to the motion

compensation system 460 illustrated in FIG. 30. However, the motion compensation system

470 comprises two detectors 2408 and two mirrors 442 mounted within the medical imaging

scanner 108 such that they do not protrude into the bore of the scanner 108. The scanner 108

body can comprise openings to enable the lines of sight 420 to pass from the landmark 110a

to the detectors 2408. In some embodiments, detectors may be positioned on a surface of the

scanner bore, partially within the body of the scanner, fully within the body of the scanner,

and/or the like. One determining factor of whether detectors can be mounted within a scanner

body and/or whether any of the detector must protrude beyond the scanner body is the size of

the detectors and the space available within the scanner body. More space available within the



scanner body and/or smaller detectors may enable more or all of the detectors to be positioned

within the scanner body.

Any of the embodiments disclosed herein can be combined with the system illustrated

in FIG. 32. FIG. 32 illustrates a motion compensation system 480. The motion compensation

system 480 is similar to the motion compensation system 460 illustrated in FIG. 30.

However, the motion compensation system 480 comprises a head cage 432, and the detectors

2408 and mirrors 442 are mounted opposite each other on opposite ends of the head cage

432, rather than being mounted to the bore of the scanner. In various embodiments, the

detectors 2408 may be mounted in various positions, not necessarily facing each other. For

example, both detectors 2408 may be positioned on the same side of the head cage 432. As

can be seen in FIG. 32, each of the two detectors 2408 is configured to view the landmark

110a along a line of sight 420 viewing the landmark 110a along a different angle relative to

the landmark 110a. The line of sight 420 on the left-hand side is at a shallower angle than the

line of sight 420 on the right-hand side. In other embodiments, the positioning of the

detectors, the optical marker, and/or the mirrors may be adjusted to adjust the angles of each

of the lines of sight relative to the marker and/or to adjust the scissor angle.

Computing System

FIG. 34 is a block diagram depicting an embodiment of a computer hardware system

configured to run software for implementing one or more embodiments of the motion tracking

systems described herein.

In some embodiments, the computer clients and/or servers described above take the

form of a computing system 3400 illustrated in FIG. 34, which is a block diagram of one

embodiment of a computing system that is in communication with one or more computing

systems 3417 and/or one or more data sources 3419 via one or more networks 3416. The

computing system 3400 may be used to implement one or more of the systems and methods

described herein. In addition, in one embodiment, the computing system 3400 may be

configured to manage access or administer a software application. While FIG. 34 illustrates

one embodiment of a computing system 3400, it is recognized that the functionality provided

for in the components and modules of computing system 3400 may be combined into fewer

components and modules or further separated into additional components and modules.



Detector Processing Interface

In one embodiment, the computing system 3400 comprises a detector processing

interface 3406 that carries out the functions described herein with reference to tracking

motion during a scan, including any one of the motion tracking techniques described above.

In some embodiments, the computing system 3400 additionally comprises a scanner

controller, an anatomy configuration module, an image processing system, a scanner image

acquisition module, and/or an image overlay module that carries out the functions described

herein with reference to tracking motion during a scan and/or storing or overlaying tracking

data with associated scanner images. The detector processing interface 3406 and/or other

modules may be executed on the computing system 3400 by a central processing unit 3402

discussed further below.

In general, the word "module," as used herein, refers to logic embodied in hardware or

firmware, or to a collection of software instructions, possibly having entry and exit points,

written in a programming language, such as, for example, COBOL, CICS, Java, Lua, C or

C++. A software module may be compiled and linked into an executable program, installed in

a dynamic link library, or may be written in an interpreted programming language such as, for

example, BASIC, Perl, or Python. It will be appreciated that software modules may be

callable from other modules or from themselves, and/or may be invoked in response to

detected events or interrupts. Software instructions may be embedded in firmware, such as an

EPROM. It will be further appreciated that hardware modules may be comprised of

connected logic units, such as gates and flip-flops, and/or may be comprised of programmable

units, such as programmable gate arrays or processors. The modules described herein are

preferably implemented as software modules, but may be represented in hardware or

firmware. Generally, the modules described herein refer to logical modules that may be

combined with other modules or divided into sub-modules despite their physical organization

or storage.

Computing System Components

In one embodiment, the computing system 3400 also comprises a mainframe computer

suitable for controlling and/or communicating with large databases, performing high volume

transaction processing, and generating reports from large databases. The computing system



3400 also comprises a central processing unit ("CPU") 3402, which may comprise a

conventional microprocessor. The computing system 3400 further comprises a memory 3404,

such as random access memory ("RAM") for temporary storage of information and/or a read

only memory ("ROM") for permanent storage of information, and a mass storage device

3408, such as a hard drive, diskette, or optical media storage device. Typically, the modules

of the computing system 3400 are connected to the computer using a standards based bus

system. In different embodiments, the standards based bus system could be Peripheral

Component Interconnect (PCI), MicroChannel, SCSI, Industrial Standard Architecture (ISA)

and Extended ISA (EISA) architectures, for example.

The computing system 3400 comprises one or more commonly available input/output

(I/O) devices and interfaces 3412, such as a keyboard, mouse, touchpad, and printer. In one

embodiment, the I/O devices and interfaces 3412 comprise one or more display devices, such

as a monitor, that allows the visual presentation of data to a user. More particularly, a display

device provides for the presentation of GUIs, application software data, and multimedia

presentations, for example. In one or more embodiments, the I/O devices and interfaces 3412

comprise a microphone and/or motion sensor that allow a user to generate input to the

computing system 3400 using sounds, voice, motion, gestures, or the like. In the embodiment

of FIG. 34, the I/O devices and interfaces 3412 also provide a communications interface to

various external devices. The computing system 3400 may also comprise one or more

multimedia devices 3410, such as speakers, video cards, graphics accelerators, and

microphones, for example.

Computing System Device/Operating System

The computing system 3400 may run on a variety of computing devices, such as, for

example, a server, a Windows server, a Structure Query Language server, a Unix server, a

personal computer, a mainframe computer, a laptop computer, a tablet computer, a cell

phone, a smartphone, a personal digital assistant, a kiosk, an audio player, an e-reader device,

and so forth. The computing system 3400 is generally controlled and coordinated by

operating system software, such as z/OS, Windows 95, Windows 98, Windows NT, Windows

2000, Windows XP, Windows Vista, Windows 7, Windows 8, Linux, BSD, SunOS, Solaris,

Android, iOS, BlackBerry OS, or other compatible operating systems. In Macintosh systems,



the operating system may be any available operating system, such as MAC OS X . In other

embodiments, the computing system 3400 may be controlled by a proprietary operating

system. Conventional operating systems control and schedule computer processes for

execution, perform memory management, provide file system, networking, and I/O services,

and provide a user interface, such as a graphical user interface ("GUI"), among other things.

Network

In the embodiment of FIG. 34, the computing system 3400 is coupled to a network

3416, such as a LAN, WAN, or the Internet, for example, via a wired, wireless, or

combination of wired and wireless, communication link 3414. The network 3416

communicates with various computing devices and/or other electronic devices via wired or

wireless communication links. In the embodiment of FIG. 34, the network 3416 is

communicating with one or more computing systems 3417 and/or one or more data sources

3419.

Access to the detector processing interface 3406 of the computer system 3400 by

computing systems 3417 and/or by data sources 3419 may be through a web-enabled user

access point such as the computing systems' 3417 or data source's 3419 personal computer,

cellular phone, smartphone, laptop, tablet computer, e-reader device, audio player, or other

device capable of connecting to the network 3416. Such a device may have a browser module

that is implemented as a module that uses text, graphics, audio, video, and other media to

present data and to allow interaction with data via the network 3416.

The browser module may be implemented as a combination of an all points addressable

display such as a cathode-ray tube (CRT), a liquid crystal display (LCD), a plasma display, or

other types and/or combinations of displays. In addition, the browser module may be

implemented to communicate with input devices 3412 and may also comprise software with

the appropriate interfaces which allow a user to access data through the use of stylized screen

elements such as, for example, menus, windows, dialog boxes, toolbars, and controls (for

example, radio buttons, check boxes, sliding scales, and so forth). Furthermore, the browser

module may communicate with a set of input and output devices to receive signals from the

user.



The input device(s) may comprise a keyboard, roller ball, pen and stylus, mouse,

trackball, voice recognition system, or pre-designated switches or buttons. The output

device(s) may comprise a speaker, a display screen, a printer, or a voice synthesizer. In

addition a touch screen may act as a hybrid input/output device. In another embodiment, a

user may interact with the system more directly such as through a system terminal connected

to the score generator without communications over the Internet, a WAN, or LAN, or similar

network.

In some embodiments, the system 3400 may comprise a physical or logical connection

established between a remote microprocessor and a mainframe host computer for the express

purpose of uploading, downloading, or viewing interactive data and databases on-line in real

time. The remote microprocessor may be operated by an entity operating the computer system

3400, including the client server systems or the main server system, an/or may be operated by

one or more of the data sources 3419 and/or one or more of the computing systems 3417. In

some embodiments, terminal emulation software may be used on the microprocessor for

participating in the micro-mainframe link.

In some embodiments, computing systems 3417 who are internal to an entity operating

the computer system 3400 may access the detector processing interface 3406 internally as an

application or process run by the CPU 3402.

User Access Point

In an embodiment, a user access point or user interface comprises a personal

computer, a laptop computer, a tablet computer, an e-reader device, a cellular phone, a

smartphone, a GPS system, a Blackberry® device, a portable computing device, a server, a

computer workstation, a local area network of individual computers, an interactive kiosk, a

personal digital assistant, an interactive wireless communications device, a handheld

computer, an embedded computing device, an audio player, or the like.

Other Systems

In addition to the systems that are illustrated in FIG. 34, the network 3416 may

communicate with other data sources or other computing devices. The computing system

3400 may also comprise one or more internal and/or external data sources. In some

embodiments, one or more of the data repositories and the data sources may be implemented



using a relational database, such as DB2, Sybase, Oracle, CodeBase and Microsoft® SQL

Server as well as other types of databases such as, for example, a flat file database, an entity-

relationship database, and object-oriented database, and/or a record-based database.

Conditional language, such as, among others, "can," "could," "might," or "may,"

unless specifically stated otherwise, or otherwise understood within the context as used, is

generally intended to convey that certain embodiments include, while other embodiments do

not include, certain features, elements and/or steps. Thus, such conditional language is not

generally intended to imply that features, elements and/or steps are in any way required for

one or more embodiments or that one or more embodiments necessarily include logic for

deciding, with or without user input or prompting, whether these features, elements and/or

steps are included or are to be performed in any particular embodiment. The headings used

herein are for the convenience of the reader only and are not meant to limit the scope of the

inventions or claims.

Although this invention has been disclosed in the context of certain preferred

embodiments and examples, it will be understood by those skilled in the art that the present

invention extends beyond the specifically disclosed embodiments to other alternative

embodiments and/or uses of the invention and obvious modifications and equivalents thereof.

Additionally, the skilled artisan will recognize that any of the above-described methods can be

carried out using any appropriate apparatus. Further, the disclosure herein of any particular

feature, aspect, method, property, characteristic, quality, attribute, element, or the like in

connection with an embodiment can be used in all other embodiments set forth herein. For all

of the embodiments described herein the steps of the methods need not be performed

sequentially. Thus, it is intended that the scope of the present invention herein disclosed

should not be limited by the particular disclosed embodiments described above.



WHAT IS CLAIMED IS:

1 . A biomedical system for tracking motion of an object during biomedical

imaging and for compensating for motion of the object, the biomedical system comprising:

a biomedical imaging scanner configured to perform scanning of the object to

generate biomedical images of the object;

at least one detector for generating data describing at least one landmark of the

object, wherein the at least one detector is configured to be positioned relative to the

object to enable the at least one detector to detect movement of said landmark during

the scanning;

a detector processing interface configured to determine motion of the object

based on analyzing said data received from the at least one detector, the detector

processing interface configured to generate motion tracking data of the object; and

a scanner controller for controlling at least one parameter of the biomedical

imaging scanner, wherein the scanner controller is configured to adjust scanner

parameters based on the motion tracking data, the scanner parameters configured for

controlling the biomedical imaging scanner to account for motion of the object during

the scanning of the object.

2 . The biomedical system of Claim 1, wherein the at least one detector is

positioned within a bore of the biomedical imaging scanner.

3 . The biomedical system of Claim 2, wherein the at least one detector only

comprises components configured to not interfere with the biomedical imaging scanner.

4 . The biomedical system of Claim 1, wherein the at least one landmark

comprises a facial feature of the subject.

5 . The biomedical system of Claim 4, wherein the facial feature comprises at least

one tooth of the upper jawbone.

6 . The biomedical system of Claim 1, wherein the landmark comprises an organ

of the subject.

7 . The biomedical system of Claim 1, wherein the at least one landmark

comprises an image projected onto the subject.



8 . The biomedical system of Claim 1, wherein the at least one detector processing

interface is configured to utilize an atlas-segmentation technique for identifying the at least

one landmark of the object.

9 . The biomedical system of Claim 1, wherein the at least one detector is

configured to generate data describing a first landmark and a second landmark of the object,

wherein the detector processing interface is configured to utilize a first motion tracking

technique to determine motion of the first landmark, and a second motion tracking technique

to determine the motion of the second landmark, the detector processing interface configured

to determine motion of the object based on analyzing the determined motion of the first

landmark and the second landmark.

10. The biomedical system of Claim 9, wherein the detector processing interface is

configured to apply a first weighting factor to the determined motion of the first landmark and

apply a second weighting factor to the determined motion of the second landmark, wherein

the first weighting factor is based on a historical accuracy of the first motion tracking

technique and the second weighting factor is based on a historical accuracy of the second

motion tracking technique.

11 . A computer implemented-method for tracking motion of an object during

biomedical imaging by a scanner and for compensating for motion of the object, the computer

implemented-method comprising:

accessing, by a computer system, an image of the object;

identifying, by the computer system, in the image a landmark of the object, the

landmark being a feature naturally existing in the object;

accessing, by the computer system, a plurality of images of the object;

tracking, by the computer system, movement of the landmark in the plurality of

images of the object;

translating, by the computer system, the movement in a first reference plane to

a second reference plane of the scanner;

generating, by the computer system, data parameters based on the movement

in the second reference plane, the data parameters configured to adjust the scanning

parameters of the scanner to account for motion of the object; and



transmitting, by the computer system, the data parameters to a scanner

controller, the scanner controller configured to control the scanning parameters of the

scanner.

12. The computer-implemented method of Claim 11, wherein the image is from a

video.

13. The computer-implemented method of Claim 11, wherein the accessing of the

image of the object is from at least one detector that is positioned within a bore of the

scanner.

14. The computer-implemented method of Claim 13, wherein the at least one

detector only comprises components configured to not interfere with the scanner.

15. The computer-implemented method of Claim 11, wherein the landmark

comprises a facial feature.

16. The computer-implemented method of Claim 15, wherein the facial feature

comprises at least one tooth of the upper jawbone.

17. The computer-implemented method of Claim 11, wherein the landmark

comprises an organ.

18. The computer-implemented method of Claim 11, wherein the identifying

comprises utilizing an atlas-segmentation technique for identifying the landmark of the object.

19. The computer-implemented method of Claim 11, further comprising

identifying, by the computer system, in the image a second landmark, the identifying of the

landmark performed by utilizing a first motion tracking technique to determine motion of the

landmark, and the identifying of the second landmark performed by utilizing a second motion

tracking technique to determine the motion of the second landmark, the tracking comprises

determining the movement of the landmark and the second landmark in the plurality of images

of the object, wherein the movement is an average of the motion of the landmark and the

motion of the second landmark.

20. The computer-implemented method of Claim 19, wherein the movement is

determined by applying a first weighting factor to the determined motion of the landmark to

generate a first weighted motion, and applying a second weighting factor to the determined

motion of the second landmark to generate a second weighted motion, and averaging the first



and second weighted motions, wherein the first weighting factor is based on a historical

accuracy of the first motion tracking technique and the second weighting factor is based on a

historical accuracy of the second motion tracking technique.
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