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THREE DIMENSIONAL MAPPING DISPLAY
SYSTEM FOR DIAGNOSTIC ULTRASOUND
MACHINES AND METHOD

1. CROSS REFERENCE TO RELATED
APPLICATION

[0001] The present invention is a continuation of and
claims priority to U.S. application Ser. No. 12/288,478, filed
Oct. 20, 2008, which claims the benefit of U.S. Provisional
Patent Application Ser. No. 60/999,789, filed Oct. 19, 2007,
the disclosures of which are incorporated herein by reference.

1I. TECHNICAL FIELD

[0002] The present invention relates to diagnostic ultra-
sound technology and, more particularly, to a diagnostic
ultrasound system in which ultrasound probe position regis-
tration is automated, the position of each pixel in the ultra-
sound image in reference to predetermined anatomical refer-
ence points is calculated, and specified information is stored
on command. Moreover, the system, during real time ultra-
sound scanning enables the ultrasound probe position and
orientation to be continuously displayed over a body or body
part diagram, thereby facilitating the storage of information.

1II. BACKGROUND OF THE INVENTION

[0003] Ultrasound is an important imaging modality for
medical diagnostic purposes and as a guidance tool for diag-
nostic or therapeutic procedures, like soft tissue needle
biopsy, tumor ablation, etc. Ultrasound can be used over the
entire human body and has certain advantages over other
modalities, including, among others: the ability to locate and
characterize medical problems; lower cost compared to
modalities such as MRI and CT; real time operation; and, the
lack of ionizing radiation with the known associated health
risks.

[0004] Ultrasound imaging systems transmit sound waves
of very high frequency (e.g., 1 MHz to 20 MHz) into the
patient’s body and the echoes scattered from structures in the
patient’s body are processed to create and display images and
information related to these structures.

[0005] Ultrasound imaging can be applied to various
regions or organs in the body.

[0006] Forexample, a breast ultrasound procedure involves
the placement of an ultrasound transducer over a region of
interest of the breast, with the radiologist or other medical
professional (the “user”) viewing a real-time ultrasound
image output on a display. The ultrasound machine monitor
usually displays relevant text and/or graphical information
next to the ultrasound image for simultaneous viewing by the
user. The user can freeze the display, and the corresponding
image can be printed on a printer or stored in digital format.

[0007] Two dimensional (“2D”) ultrasound imaging, the
most common technique used today, represents a slice
through the region of interest. Three-dimensional (“3D”)
ultrasound scanning is available; however, it is usually used in
conjunction with 2D scanning techniques. Currently, most
diagnostic studies are performed using 2 D scanning tech-
nique.

[0008] The vast majority of ultrasound guided biopsies and
other invasive ultrasound guided invasive procedures done by
free hand and other more automated modes use the ultrasound
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machine 2D display mode. Therefore, it is desirable to have a
fast and accurate way to find the target during such invasive
procedures.

[0009] Itis important to accurately store positional annota-
tions for later evaluation, since this is essential for final inter-
pretation, diagnosis, and treatment. As digital storage and
communication of medical information replace hard copy
based storage and communication technologies, the accurate
and consistent annotation of ultrasound and other medical
images is critical. Correlation of ultrasound images with
images of the same body region obtained with other modali-
ties (MRI, CT, mammograms, PET, etc.) becomes increas-
ingly important for medical diagnostic and therapeutic pur-
poses. As aresult, precise positional registration of the targets
is important.

[0010] This importance is illustrated by noting that finding
asmall tumor can save a patient’s life. The smaller the tumor
is before treatment, the higher the probability of long term
patient survival; however, a small tumor is difficult to find in
a patient’s body and differentiate from other structures in the
same region. Many times a suspicious small finding can coex-
ist in the same region with multiple benign findings (cysts,
solid benign nodules, etc), which may create confusion dur-
ing a follow up exam and may lead to missing the suspicious
lesion. As imaging diagnostic devices provide ever greater
detail and sub-millimeter resolution, accurate position regis-
tration and mapping of lesions is becoming increasingly
important in order to take advantage of the increased capa-
bilities.

[0011] Ultrasound procedures are highly dependent on the
device user’s experience and training Position recording of
certain findings is important, especially for the small targets
and/or multiple targets. Most frequently, an ultrasound user
will hold the ultrasound transducer in one hand and use the
other hand to operate the ultrasound machine controls. It is
desirable to obtain the instant recording of target coordinates
seen in the ultrasound image in relation to the anatomical
reference (for example, a nipple) and the simultaneous
recording of the transducer position. Currently, the automated
recording of the transducer position in real time scanning is
limited due to the motion of the pre-selected anatomical ref-
erence secondary to body and transducer induced motion.
Therefore, it is desirable to continuously update the position
of the anatomical references, or landmarks, and apply the
correction to the obtained measurements.

[0012] The American College of Radiology (ACR) recom-
mends that all ultrasound images be properly labeled. For
example, for breast ultrasound images, the position, in hourly
format or other format, and distance from nipple should be
displayed with each diagnostic image containing significant
findings. Currently, ultrasound findings are manually labeled
by an operator, which is time consuming and prone to errors.
Manual labeling involves the typing of an approximate posi-
tion in the organ or part of the body, since an accurate position
registration is time consuming and, importantly, difficult for
the user.

[0013] Although multiple ultrasound guidance systems and
devices already exist, they do not offer a practical and accu-
rate solution to mapping patient findings in 2D or 3D images
in relation to set anatomical reference point(s), which is
operator independent during a routine examination, with real
time correction for the patient’s motion. It would be benefi-
cial, therefore, to obtain the accurate position of selected
targets in the ultrasound images in relation to set anatomical
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reference point(s) with the corresponding ultrasound trans-
ducer position and orientation by selecting the target in the
ultrasound image at the time of examination or at a later date
in the stored images with attached positional information.
The present invention provides such an advance to the art.

IV. OBIECTS AND ADVANTAGES OF THE
PRESENT INVENTION

[0014] It is an object of the present invention to signifi-
cantly reduce the time of the examination by eliminating the
time consuming manual labeling of images and speeding up
the target finding at subsequent examinations.

[0015] Itisa further object of the present invention to obtain
the accurate position of selected targets in ultrasound images
in relation to set anatomical reference point(s) with the cor-
responding ultrasound transducer position and orientation by
selecting the target in the ultrasound image at the time of
examination or at a later date in the stored images with
attached positional information in both 2D or 3D imaging
techniques.

[0016] It is a further object of the present invention to
enhance correlation capability with other diagnostic imaging
modalities like CT scans, MRI, mammograms etc.

[0017] Itis yet a further object of the present invention to
eliminate or minimize errors due to inaccurate position label-
ing, therefore reducing the risk of costly lawsuits due to
missed diagnosis and decrease the number of callbacks for
the patients for repeat examination.

[0018] One advantage, among the many that will be appre-
ciated by those skilled in the arts, is that the present invention
provides an easy, uniform, method of communicating the
target position among healthcare providers by guiding the
ultrasound to a previously recorded target through following
the real time display of the ultrasound transducer position in
relation to the target coordinates from a previous examina-
tion.

V. SUMMARY OF THE INVENTION

[0019] The present invention provides an apparatus and
method of use for automated ultrasound probe position reg-
istration, calculating the position of each pixel in the ultra-
sound image in reference to the predetermined anatomical
reference points (AR), and storing selected information on
demand. The present invention further enables, during real
time ultrasound scanning, continuous ultrasound probe posi-
tion and orientation display, which display be permanently
stored in the system’s memory at the users command.

[0020] The Present invention comprises a hardware/soft-
ware application and real time commercial 3D position reg-
istration system interfaced with an ultrasound machine.

[0021] Afterinitial calibration and selection of one or more
anatomical reference (nipple, umbilicus etc), positional infor-
mation associated with each individually recorded image
frame or each image in a cine loop is stored with the corre-
sponding image. Using a pointing device with the system
display, spatial numerical coordinates of the selected pixel or
region, including the distance from the anatomical reference,
depth, angle to the body axis and a graphical representation,
are displayed next to the ultrasound image. Also displayed are
the real time position of the ultrasound probe and target
position in a diagram shown next to the real time ultrasound
image, providing orientation help for the ultrasound operator.
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[0022] Each ultrasound saved image or set of images in a
cine loop will have attached the positional information cor-
responding to each pixel in the ultrasound frame and the
diagram with the body part with the ultrasound transducer
position and orientation in reference to the anatomical refer-
ence(s) and position of a target pixel(s), if any are selected.
Other body parts or regions can be recorded with correspond-
ing anatomical reference points, ex.: liver with umbilicus,
neck with thyroid cartilage etc. Target pixel selection can be
made at the time of the image capture, before saving the
image, or at a later time at the review station.

[0023] During future examinations, the user is guided to the
target by entering the target coordinates obtained at the pre-
vious examination, display the target in the body diagram and
adjust the transducer position in the real time body diagram to
overlap the target.

[0024] For the accurate automated recording of body tar-
gets and transducer position related to certain anatomical
references, a user continuously obtains positional informa-
tion from the preset anatomical references and the motion
correction instantly applied to the transducer positional coor-
dinates.

[0025] This is achieved by continuously monitoring the
preset anatomical reference point(s) position, which in the
preferred embodiment can be achieved with a magnetic sen-
sor placed next to the anatomical reference on the skin. In an
alternate embodiment the anatomical reference tracking can
be obtained with an overhead tracking system using digital
infrared or optical cameras with or without skin markers. In
this embodiment, one camera can be used, or two or more
cameras can be also used to achieve a three dimensional
stereoscopic effect.

[0026] There has been outlined, rather broadly, the more
important features of the invention in order that the detailed
description thereof that follows may be better understood,
and in order that the present contribution to the art may be
better appreciated. There are, of course, additional features of
the invention that will be described hereinafter and that will
form the subject matter of the invention.

VI. BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 depicts an overview illustration of the inven-
tive apparatus placed in an ultrasound system.

[0028] FIG. 2 illustrates the functional block diagram for
the inventive device preferred embodiment with a magnetic
sensor used for anatomical reference tracking.

[0029] FIG. 3 depicts an alternate embodiment illustrating
an overhead infrared or optical anatomical reference tracking
system.

[0030] FIG. 4 illustrates the functional block diagram for
the inventive device in the alternate embodiment with an
overhead infrared or optical anatomical reference tracking
system.

[0031] FIG. 5 depicts the inventive apparatus in a breast
ultrasound exam.

[0032] FIG. 6 depicts the image created during a breast
examination as illustrated in FIG. 5.

[0033] FIG. 7illustrates the ultrasound transducer with the
sensors in the calibrating tool.

[0034] FIG. 8 illustrates the steps of initial calibration.
[0035] FIG. 9 illustrates the steps needed to measure and
record the positional information associated with the diag-
nostic ultrasound images.
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VII. DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0036] Before explaining the preferred embodiment of the
present invention in detail, it is to be understood that the
present invention is not limited in its application to the details
of arrangements of the components set forth in the following
description. As will be appreciated by those skilled in the arts,
the present invention is capable of other embodiments and of
being practiced and carried out in various ways. Also, it is to
be understood that the phraseology and terminology
employed herein are for the purpose of description and should
not be regarded as limiting. It is also to be understood that
where ranges are provided for various aspects of the invention
and for examples, they are approximate ranges and are not to
be limiting except where noted otherwise.

[0037] Turning to FIG. 1, an over view of the physical
aspects of an ultrasound device employing the inventive
apparatus 20 is seen. Ultrasound machine 22 is a standard
device including display 24, interface with keyboard 26 and
pointer 28, chassis containing operating hardware (not seen)
30, transducer connecting cord 32, and transducer 34.
[0038] Inventive apparatus (also referred to as three dimen-
sional mapping display, or TDMD) 20 is depicted and com-
prises TDMD display 38, TDMD Chassis 40 containing hard-
ware (also referred to as a “processor”) and software (not
seen; described in detail below), 3D magnetic tracking mem-
ber 42 with the transmitter 44 connected to TDMD 20 by 3D
magnetic tracking member cord 46, first magnetic sensor 48
connected to TDMD 20 by first magnetic sensor cord 54 and
second magnetic sensor 52 connected to TDMD 20 by second
magnetic sensor cord 56.

[0039] For completeness in explaining FIG. 1, Patient A is
situated on examining table B.

[0040] Turning to FIG. 2, a block diagram illustrating the
various general working aspects of inventive device 20 are
shown. First magnetic sensor 48 and second magnetic sensor
52 provide the positional information to the TDMD 20 3D
position board/module 60 (not seen). Video output 24 from
ultrasound device 22 is digitized by the dedicated TDMD
module/board 40. It should be noted that the analog to digital
image conversion is not needed if the ultrasound machine can
be interfaced and it can directly provide the digital images to
the TDMD 20.

[0041] TDMD can continuously track one or several ana-
tomical reference markers or positional body markers, which
can increase the overall accuracy of the system. If multiple
positional body markers are used, not all of them need to be
continuously tracked. The positional body markers may be
surface markers, attached at the skin, or may be internal
markers, endocavitary, endoluminal or otherwise placed in
the body at a known position. A known internal structure, like
vessel crossing, may also serve as an anatomical reference
point but without the advantage of having the position con-
tinuously tracked.

[0042] Other configurations will work as well. For non-
limiting example, FIG. 3 illustrates an alternate configuration
in which second magnetic sensor 52 provides the positional
information to the TDMD 3D position board/module 60 (not
seen in TDMD computer 40). The overhead infrared or opti-
cal anatomical reference (AR) tracking system 43 provides
the positional information to the TDMD computer 40. Video
output 24 from the ultrasound device 22 is digitized by the
dedicated TDMD module/board 40. Again, analog to digital
image conversion is not required if the ultrasound device 22
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can be interfaced and directly provide the digital images to
TDMD computer 40. The digital ultrasound images with the
associated positional information are displayed in the TDMD
computer display 38 or stored for review and processing at a
later time.

[0043] Turning to FIG. 4, a block diagram illustrating the
various general working aspects of inventive device 20 are
shown. Second magnetic sensor 52 provides the positional
information to the TDMD 20 3D position board/module 60
and overhead infrared position detector 43 transmits posi-
tional information to TDMD computer 40. Video output 24
from ultrasound device 22 is digitized by the dedicated
TDMD module/board 40. It should be noted that the analog to
digital image conversion is not needed if the ultrasound
machine can be interfaced and it can directly provide the
digital images to the TDMD 22.

[0044] Returning to FI1G. 1, second magnetic sensor 52 is
attached to the exterior of transducer 34 and, as seen in more
detail in FIG. 5, first magnetic sensor 48 is positioned at the
anatomical reference, here, the breast nipple C of Patient A.

[0045] Ultrasound device 22 video output 24 is directed to
TDMD video capture board at TMDS Chassis 40 through
video output cord 58 as is 3D magnetic tracking member 42
through 3D magnetic tracking member cord 46. TDMS dis-
play 38 is then enabled to shows images D captured by ultra-
sound device 22 and associated positional data as collected
from 3D tracking member 42, first magnetic sensor 48 and
second magnetic sensor 52.

[0046] Turning to FIG. 5, a detailed view of transducer 34
with the second magnetic sensor 52 and first magnetic sensor
48 applied at the upper margin of the right nipple. First
magnetic sensor 48 continuously tracks the anatomical refer-
ence position, the nipple in this case, to compensate for
motion artifacts during the ultrasound exam. FIG. 6 illustrates
TDMD display 38 with the captured video image D from the
ultrasound machine and the body diagram of F1G. 5 with the
transducer 34 position and orientation at the time of image
capture D and two different targets F and G in body part
diagram 1, and F' and G' as selected in image D image capture.

[0047] Additionally, each target, F and G, is displayed with
the associated position (hourly representation or degrees to
longitudinal axis and anatomical reference as center) and
distance (cm) from the selected anatomical reference, nipple
C. Positional coordinates are displayed under body part dia-
gram I in FIG. 6. While the inventive device enable any
number of coordinates to be displayed, here the example
includes Target number (T), example F and G, Positional in
reference to anatomical reference in hour format (here, 9:30
for F and 9:00 for G), position from anatomical reference
point in degrees (here, 15° for F and 0° for G), and distance
from anatomical reference point in centimeters (cm) (here,
10.5 cm for F and 7.41 cm for G). Also, transducer 34 position
location is identified at transducer position Icon E.

[0048] Additionally, an additional display function is to
show a cumulative area of the transducer positions (via icon
E) over the body diagram, where the ultrasound images were
recorded during patient examination. This will allow for the
quick evaluation of an vltrasound examination completeness,
at the time of examination or at a later time.

[0049] In the preferred embodiment, any off the shelf
generic PC computer with Windows XP® (by Microsoft Cor-
poration, Redmond, Wash.) can be used to run instructions
compiled in C++ and dotnet languages. While preferred,
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those skilled in the arts will understand that the invention can
be implemented on any other computer platform and operat-
ing system.

[0050] The software to run the program is that incorporated
by reference above. The software substantially used to pro-
cess the data received by the processor form the at least one
sensor and data from the ultrasound to manipulate the data for
identifying, and storing in memory as selected by the user,
target site location and size information in relation to selected
anatomical reference points for simultaneous review and
interpretation and later retrieval for comparative purposes
with later examination, whether compared in real time or a
later time based upon saved data. The inventive device
enabling a user to accurately review, evaluate, and compare
examination results by having anatomical reference point
guides to isolate target sites.

[0051] The body diagram representation is not limited to
the “bird’s eye view” type like the “clock” representation for
the breast, but more complex and realistic three dimensional
representations of the body or body regions, including images
obtained using contour rendering algorithms, can be used.
The calculated and recorded positional data can be displayed
in these representations. The ultrasound transducer position,
orientation, can be depicted in a realistic appearance in space
so it can be easily reproduced at subsequent examinations.
[0052] Additionally, the preferred 3D position registration
system 1s based on magnetic tracking technology (for
example, like that manufactured by Ascension Technology,
Burlington, Vt.); however, any other suitable technology,
such as optical or ultrasound, may be employed. Moreover,
the inventive device can be deployed as an add on to any
existing ultrasound unit, and can outfit DICOM compatible
and non DICOM machines as well. The infrared sensors, also
commercially available (Natural Point inc., Corvallis, Oreg.),
comprise at least one infrared cameras with the dedicated
hardware and software receiving reflected infrared light from
the reflectors applied over the anatomical references. The
infrared cameras can be replaced with optical cameras and the
infrared reflectors with optical markers. One or more infrared
or optical cameras can also be used.

[0053] The ultrasound probe and anatomical reference
point real time tracking is not limited to the above solution,
but other tracking modalities like ultrasound, optical, inertial
etc. can be used for the ultrasound probe and optical/pattern
recognition, magnetic, etc. for the anatomical reference point
real time tracking. It should also be noted that tracking
modalities can be used in combination with one another, for
non-limiting example, ultrasound tracking with optical track-
ing. It is also notable that the described TDMD system and
method can optionally be used with the anatomical reference
tracking feature disabled.

[0054] Inanyoftheabove configurations, initial calibration
is needed to register the ultrasound probe scanning plane
orientation and position. The initial calibration may be pet-
formed with or without the use of a second positional sensor
62 (F1G. 7), however the use of a second magnetic sensor
makes the calibration task easier and more precise. Without
second positional sensor 62, scanhead center of transducer 34
and plane orientation need to be manually entered. This initial
calibration is done once only, unless a different ultrasound
probe is used or the fixed magnetic sensor position on the
ultrasound transducer is modified. As those skilled in the arts
will understand, there are many ways and methods to cali-
brate ultrasound equipment. For non-limiting example, one
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method includes placing ultrasound transducer 34 in a dedi-
cated holder 61 which has the calibrating magnetic sensor 62
attached to correspond exactly to the center of the ultrasound
transducer 34 scanning head, in a position aligned with the
scanning plane of the transducer.

[0055] The initial system calibration steps are shown in
FIG. 8. When performing the second magnetic sensor 52
calibration, TDMD computer 40 registers the 3D position of
sensor 52 in relation to the center of the transducer 34 scan-
ning head 64 and in relation to the transducer scanning plane
68, so it can accurately define the position of each pixel in the
ultrasound image in relation to the transducer scanning head
and first magnetic sensor 48. That coordinate is then saved 70.
In addition to the above sensor initial calibration, the ultra-
soundimage size calibration is needed for each transducer 72,
in dots per inch (dpi) or per mm and it can be done automati-
cally in systems where this information is passed from the
ultrasound machine, 22, to the TDMD computer. For systems
where this is not possible, the manual calibration for image
size: depth and width, is needed and can be performed by
manually entering the calculated values, obtained by dividing
the number of pixels to the size of markers of known size in
the ultrasound image. This information is then saved 74. The
process is repeated 76 until all required values are calculated
and saved 76. The initial calibration process is then exited 78.

[0056] Turning to FIG. 9, the TDMD operation steps
required to record the 3D position of targets in relation to
anatomical reference points are shown. For each patient, at
the beginning of examination the anatomical reference spatial
position and the ultrasound probe orientation relative to the
body is defined and recorded, 501. One method is to hold the
ultrasound transducer scanhead center at the anatomical ref-
erence, for ex. on the nipple, with the transducer held in the
presetorientation, ex. sagittal plane, horizontal, parallel to the
patient and examination table long axis (FIG. 1). At least one
anatomical reference point needs to be defined at the begin-
ning of each examination, however more than one anatomical
reference points can be defined, which can increase the mea-
surements accuracy. When a second magnetic sensor is used
to track the anatomical reference position, the first magnetic
sensor 48 position in relation to the anatomical reference
point is recorded and computed by the TDMD 40 during the
anatomical reference setting step, so it can continuously track
the anatomical reference point. This additional calculation is
necessary when the first magnetic sensor 48 is applied in close
proximity, but slightly off the selected anatomical reference.
In other embodiments where the anatomical reference sensor
or marker, for example when using the overhead anatomical
reference tracking system with infrared reflectors or markers
or optical markers, is applied exactly at the anatomical refer-
ence point, this additional correction is not necessary and can
be skipped. If the magnetic anatomical reference marker can
be applied exactly at the anatomical reference point, this
additional correction is not necessary and can be skipped.

[0057] Continuing with FIG. 9, at 502 the transducer 34
position and orientation and anatomical reference point are
continuously displayed in TDMD computer display 38 or
ultrasound display 24, as a moving icon over the body part
diagram, in reference to the anatomical reference point, with
an “out of range” warning when the transducer is moved out
of the scanning region range or too far from the magnetic
transmitter. The frame images are entered and displayed in
the TDMD display 38 or if implemented at the ultrasound
machine host computer, ultrasound display 24. In the pre-
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ferred embodiment, the ultrasound user can “freeze” the 2D
still image of interest or capture short video cine loops or 3D
images, 503 (FIG. 9). The “frozen” image or the video clip
can be saved in TDMD computer 40 or a host computer with
the positional information associated to each frame or set of
frame images, in a local database, 504, (FIG. 9).

[0058] The coordinates associated with a target in a still
image, in relation to the anatomical reference point, can be
displayed by pointing to the target (image pixel/region of
pixels) with a pointing device in the image displayed on the
TDMD display 38 or Ultrasound display 24, step 505 (FIG.
9). The target position can be also determined at a later time
in the same TDMD computer or a remote computer with the
TDMD software, from the saved ultrasound images with the
associated positional information. The target positional infor-
mation can be displayed at the time of the ultrasound exami-
nation or at a later date, it also can be printed and stored in
digital format at any time after the acquisition.

[0059] For the images in cine loops, the position display
process is similar to the still images, after the cine loop is
“frozen” at a certain frame. For 3D ultrasound probes, the
same principle applies when a 2D image is reconstructed
from the recorded 3D data and the positioning information is
applied to the ultrasound 2D image.

[0060] The position of each pixel in an ultrasound image in
reference to the anatomical reference(s) is calculated from the
ultrasound probe tracking system data and corrections
applied to theanatomical reference points from the secondary
tracking system that monitors the anatomical reference
points. Both tracking systems provide 3D positional data. The
positional information displayed for each image is presented
in alphanumerical format as distance and angle from the
anatomical reference, hourly coordinates, where the position
of a target is assigned an hour from 1 to 12 o’clock, when the
region (breast or abdomen) is viewed from above as a clock,
with the anatomical reference, nipple or umbilicus respec-
tively, imagined in the middle of the clock and also as a
graphic diagram of the region, see, e.g., FIG. 6. Additional
data fields are also available, including the position of the
patient during the examination (supine, lateral decubitus,
etc). The graphic diagram points to the relative position of a
target over a diagram of a body part, the breast, for example.
Accordingly, it is easy to see that multiple targets can be
selected/displayed or erased.

[0061] The TDMD computer allows for the manual or auto-
matic entry and display of target coordinates from previous
exams over the body diagram or body part diagram, with the
ultrasound probe icon position and orientation in relation to
the anatomical reference point and body axis, represented in
real time in the diagram. This feature allows for ultrasound
device operator orientation and guidance to help moving the
ultrasound transducer and find a known target from a previous
examination.

[0062] Accordingly, the present invention is a system and
method where atarget position in a human or animal body can
be automatically recorded in reference to any preset anatomi-
cal reference point, when performing an ultrasound exami-
nation. The system allows for automatic correction for body
or anatomical reference motion during the examination.
[0063] It is to be understood that while the invention has
been described as being implemented on the ultrasound
machine itself, it is capable of other deployments as well. For
non-limiting example, it could be deployed at the level of a
host computer or a separate computer from the ultrasound
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system where the separate computer is connected to the ultra-
sound machine so it can simultaneously display the image
outputs from the ultrasound machine and the diagnostic
image positional information in graphic and alphanumeric
modes from the TDMD device. The information from the
separate computer can be stored as hardcopy or it can be
digitally stored.

[0064] Itis also to be understood, that even though numer-
ous characteristics and advantages of the preferred and alter-
native embodiments have been set forth in the foregoing
description, together with details of the structure and function
of the embodiments, the disclosure is illustrative only, and
changes may be made in detail within the principles of the
invention to the full extent indicated by the broad general
meaning of the terms in which the appended claims are
expressed.

What is claimed is:
1. An image registration system comprising:
an imaging probe configured to acquire image data during
an examination,;
an anatomical reference marker configured to identify an
anatomical reference point on a patient during the
examination; and
a processor programmed to:
record a position of the anatomical reference marker
relative to the patient;
record a position of the imaging probe relative to the
patient;
continuously track a realtime location of the anatomical
reference marker during the examination;

continuously track a realtime location of the imaging
probe during the examination; and

display the location of the imaging probe as an overlay
on a graphic diagram of the patient during the exami-
nation.

2. The image registration system of claim 1 wherein the
processor is further programmed to:

record a position of a target in the patient relative to the
anatomical reference marker; and

display the position of the target on the graphic diagram of
the patient.

3. The image registration system of claim 2 wherein the
processor is further programmed to simultaneously display
the location of the target as an overlay on a medical image of
the patient.

4. The image registration system of claim 1 wherein the
anatomical reference marker comprises a magnetic sensor.

5. The image registration system of claim 1 wherein the
anatomical reference marker comprises one of an optical
marker and an infrared marker.

6. The image registration system of claim 1 wherein the
imaging probe comprises a three-dimensional (3D) ultra-
sound probe.

7. The image registration system of claim 1 wherein the
processor is further programmed to display the location of the
imaging probe as at least one of a position in reference to the
anatomical reference marker and a body axis of the patient in
an hour format, a position in reference to the anatomical
reference marker and the body axis of the patient in degrees,
and a longitudinal distance from the anatomical reference
marker.
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8. The image registration system of claim 1 wherein the
processor is further programmed to display the location of the
imaging probe as a moving icon on the graphic diagram of the
patient.

9. The image registration system of claim 1 further com-
prising a magnetic sensor coupled to imaging probe; and

wherein the processor is further programmed to register a

position of the magnetic sensor in relation to a scanning
plane of the imaging probe and a center of the imaging
probe.

10. The image registration system of claim 1 wherein the
processor is further programmed to:

calculate a position of each pixel of the image data in

reference to the anatomical reference marker and a body
axis of the patient; and

correct the image data based on the calculated pixel posi-

tions to account for movement of the patient during the
examination.

11. A method comprising:

defining a position of an anatomical reference point on a

patient;

identifying a position of an imaging probe of an imaging

system relative to the patient;

acquiring image data from the patient using the imaging

probe during a first examination,

reconstructing an image of the patient from the image data,

the image comprising a plurality of pixels;

calculating a position of each of the plurality of pixels in

the image in reference to the anatomical reference point
and the patient;

identifying a target within the image; and

displaying coordinates of the target relative to the position

of the anatomical reference point and the patient on a
display.

12. The method of claim 11 further comprising:

detecting motion of the anatomical reference point during

the first examination; and

generating a corrected medical image based on the

detected motion of the anatomical reference point.

13. The method of claim 11 further comprising aligning the
imaging probe with a plane of the patient to register the
orientation of the imaging probe relative to the patient.

14. The method of claim 11 further comprising continu-
ously displaying at least one of a location of the anatomical
reference point and a location of the imaging probe during
acquisition of image data on the display.

15. The method of claim 11 further comprising:

monitoring a distance between the anatomical reference

point and the imaging probe; and

detecting and displaying an out-of-range indicator if the

monitored distance exceeds a threshold.

16. The method of claim 11 further comprising displaying
the target on an image reconstructed from image data
acquired during a second examination.

17. The method of claim 11 wherein displaying coordi-
nates of the target comprises displaying coordinates in an
hour format.

18. The method of claim 11 further comprising displaying
a cumulative coverage area of the imaging probe for the first
examination on a body diagram of the patient.

19. A system comprising:
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an ultrasound system configured to acquire ultrasound data
from a patient and reconstruct an image from the ultra-
sound data, the ultrasound system comprising an ultra-
sound transducer;

a first sensor coupled to the ultrasound transducer;

a second sensor coupleable to the patient; and

a tracking system coupled to the first and second sensors,
the tracking system comprising:

a display; and
a processor programmed to:
register the first sensor to the second sensor at the
beginning of an examination;
continuously monitor a location of the ultrasound
transducer via the first sensor during the examina-
tion;
continuously monitor a location of an anatomical ref-
erence point on the patient via the second sensor
during the examination;
output the monitored location of the ultrasound trans-
ducer to the display in realtime; and
record a position of the plurality of pixels of the image
in relation to the menitored locations of the ultra-
sound transducer and the anatomical reference
point in a database.

20. The system of claim 19 wherein the display further
comprises:

a reconstructed ultrasound image of a region of interest of

the patient;

a body part diagram of the region of interest;

a first marker overlaid on the reconstructed ultrasound
image, the first marker indicating the location of a first
target within the region of interest; and

a second marker overlaid on the body part diagram, the
second marker indicating the location of the first target
on the body part diagram.

21. The system of claim 20 wherein the processor is further
programmed to record the location of the first target relative to
the anatomical reference point in at least one of a plurality of
still images and a plurality of frames of a video clip.

22. The system of claim 20 wherein the display further
comprises:

a third marker overlaid on the reconstructed ultrasound
image, the third marker indicating a location of a second
target within the region of interest; and

a fourth marker overlaid on the body part diagram, the
fourth marker indicating the location of the second target
on the body part diagram.

23. The system of claim 20 wherein the display further
comprises hourly coordinates of the location of the first target
relative to the anatomical reference point and a body axis of
the patient.

24. The system of claim 19 wherein the processor is further
programmed to correct motion in the image using the moni-
tored location of the anatomical reference point.

25. The system of claim 19 wherein the processor is further
programmed to:

monitor a distance between the location of the ultrasound
transducer and the location of the anatomical reference
point; and

output an alarm if the monitored distance exceeds a thresh-
old.

26. The system of claim 19 wherein the processor is further

programmed to record the monitored location of the ultra-
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sound transducer and the monitored location of the anatomi-
cal reference point for the image in a database.

27. The system of claim 19 wherein the processor is further
programmed to record the monitored location of the ultra-
sound transducer and the monitored location of the anatomi-
cal reference.
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