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(7) ABSTRACT

A system, method, and non-transitory computer-readable
medium The system includes a processor configured to
receive ultrasound data from an ultrasound reflected wave
reflected from specimen features in an organic specimen
resultant from an ultrasound incident wave transmitted into
the organic specimen; to identify each region having data
obtained from anatomic model data related to the organic
specimen that satisfies selection criteria in comparison to the
received ultrasound data; and to repeat consecutively, if the
number of identified regions is not equal to one and the
number of times the selection criteria are adjusted is less
than a specified maximum number of adjustments, removal
of identified status from each identified region, adjustment
of the selection criteria in accordance with adjustment rules
and identification of each region having data obtained from
anatomic model data that satisfies the adjusted selection
criteria in comparison to the received ultrasound data.
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IDENTIFICATION OF ORGANIC SPECIMEN
MODEL DATA REGION WITH
ULTRASOUND PROPAGATION REGION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the priority of U.S. patent
application Ser. No. 13/135,350, now issued as U.S. Pat. No.
8,805,627, by Cliff A. Gronseth and John E. Tobey, filed 1
Jul. 2011, and entitled “METHOD AND SYSTEM FOR
ORGANIC SPECIMEN FEATURE IDENTIFICATION IN
ULTRASOUND IMAGE” of which the entire contents are
incorporated herein by reference, claims the priority of U.S.
patent application Ser. No. 14/322,640 now issued as U.S.
Pat. No. 9,357,979 by CIiff A. Gronseth and John E. Tobey,
filed 2 Jul. 2014, and entitled “METHOD AND SYSTEM
FOR ORGANIC SPECIMEN FEATURE IDENTIFICA-
TION IN ULTRASOUND IMAGE” of which the entire
contents are incorporated herein by reference and claims the
priority of U.S. patent application Ser. No. 15/143,628 by
Cliff A. Gronseth and John E. Tobey, filed 1 May 2016, and
entitled “METHOD AND SYSTEM FOR ORGANIC
SPECIMEN FEATURE IDENTIFICATION IN ULTRA-
SOUND IMAGE” of which the entire contents are incor-
porated herein by reference.

BACKGROUND

[0002] Ultrasonic waves are used in various cleaning
applications, in medical diagnostic and therapeutic applica-
tions, and for a number of research and investigative pur-
poses. Ultrasound has become a widely used, medical diag-
nostic tool and is generally considered to be safe as well as
non-invasive. One of the more well known medical appli-
cations is in the creation of visual images of fetuses in the
human womb for diagnostic purposes. In other medical
areas, however, ultrasound is now used as a diagnostic tool
in the creation of visual images of muscles, tendons, and
various internal organs. In such applications, the size, struc-
ture, and pathological lesions of bodily soft tissues can be
captured via real time tomographic images.

[0003] Compared with other diagnostic technologies, such
as magnetic resonance imaging (MRI) and computed tomog-
raphy (CT), ultrasound machines are relatively inexpensive
and portable. While X-rays are useful for medical purposes
in obtaining images of bones, ultrasonic waves find their
medical applications in the creation of soft tissue images. An
advantage of ultrasonic waves is that they do not have the
negative biological effects associated with X-rays or with
other techniques involving radioactive materials.

SUMMARY

[0004] In a first representative embodiment, a system is
disclosed. The system comprises an ultrasound transducer
configured for transmitting ultrasound incident waves into
selected regions of an organic specimen, detecting resultant
ultrasound reflected waves from specimen features of the
organic specimen, and transferring ultrasound data in the
resultant ultrasound reflected waves for each of multiple
selected ultrasound incident waves to a processor; a location
detection unit configured for detecting locations of the
ultrasound transducer and the organic specimen and for
transferring that location data to the processor; a memory
module configured for storing anatomic model data for at

May 2, 2019

least part of the organic specimen; the processor configured
for identifying the region associated with selected ultra-
sound data using location data and one or more sets of
ultrasound data resultant from reflections of recognized
specimen features, creating an ultrasound image from the
selected ultrasound data, obtaining model extracted data
from the anatomic model data corresponding to that of the
selected ultrasound data region, creating a model image
from that model extracted data, and transferring the ultra-
sound image and the model image to a display module; and
the display module configured for displaying the ultrasound
image and the model image.

[0005] In a second representative embodiment, a method
is disclosed. The method comprises specifying a reference
model image region in model extracted data obtained from
anatomic model data of at least part of an organic specimen;
transmitting ultrasound incident waves into the organic
specimen and receiving thereby ultrasound data from ultra-
sound reflected waves from specimen features in the organic
specimen, wherein positional awareness of each ultrasound
reflected wave relative to the organic specimen is main-
tained; identifying a reference propagation region corre-
sponding to the reference model image region from paired
recognized specimen features in the ultrasound data and in
the model extracted data; transmitting at least one subse-
quent ultrasound incident wave into the organic specimen
and receiving thereby subsequent ultrasound data from
ultrasound reflected waves from one or more specimen
features, wherein positional awareness 1is maintained
between the reference propagation region and the propaga-
tion region of the subsequent ultrasound data; and for the
subsequent ultrasound data, creating an ultrasound image,
creating a model image for a model image region from the
anatomic model data corresponding to the propagation
region of the subsequent ultrasound data, and displaying the
ultrasound image and the model image on a display module.

[0006] In an optional aspect of the second representative
embodiment, the method further comprises identifying at
least one specimen feature on the ultrasound image from a
corresponding model feature on the model image.

[0007] In a third representative embodiment, a means for
identification of an organic specimen feature in an ultra-
sound image is disclosed. The means comprises an ultra-
sound means for transmitting ultrasound incident waves into
selected regions of an organic specimen, detecting resultant
ultrasound reflected waves from specimen features of the
organic specimen, and transferring ultrasound data in the
resultant ultrasound reflected waves for each of multiple
selected ultrasound incident waves to a processor means; a
location detection means for detecting locations of the
ultrasound means and the organic specimen and for trans-
ferring that location data to the processor means; a memory
means for storing anatomic model data for at least part of the
organic specimen; the processor means for identifying a
region of the organic specimen associated with selected
ultrasound data using location data and one or more sets of
ultrasound data resultant from reflections of recognized
specimen features, creating an ultrasound image from the
selected ultrasound data, obtaining model extracted data
from the anatomic model data corresponding to that of the
selected ultrasound data region, creating a model image
from the model extracted data, and transferring the ultra-
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sound image and the model image to a display means; and
the display means configured for displaying the ultrasound
image and the model image.

[0008] In a fourth representative embodiment, a computer
program product stored on a non-transitory computer read-
able storage medium for carrying out a method when
executed on a computer is disclosed. The method comprises
specifying a reference model image region in model
extracted data obtained from anatomic model data of at least
part of an organic specimen; instructing an ultrasound trans-
ducer to transmit ultrasound incident waves into the organic
specimen and receiving thereby ultrasound data from ultra-
sound reflected waves from specimen features in the organic
specimen, wherein positional awareness of each ultrasound
reflected wave relative to the organic specimen is main-
tained; identifying a reference propagation region corre-
sponding to the reference model image region from paired
recognized specimen features in the ultrasound data and in
the model extracted data; instructing an ultrasound trans-
ducer to transmit at least one subsequent ultrasound incident
wave into the organic specimen and receiving thereby sub-
sequent ultrasound data from ultrasound reflected waves
from one or more specimen features, wherein positional
awareness is maintained between the reference propagation
region and the propagation region of the subsequent ultra-
sound data; and for the subsequent ultrasound data, creating
an ultrasound image, creating a model image for a model
image region from the anatomic model data corresponding
to the propagation region of the subsequent ultrasound data,
and instructing a display module to display the ultrasound
image and the model image.

[0009] In a fifth representative embodiment, a non-transi-
tory computer-readable medium having computer-execut-
able instructions for causing a computer comprising a pro-
cessor and associated memory to carry out a method is
disclosed. The method comprises specifying a reference
model image region in model extracted data obtained from
anatomic model data of at least part of an organic specimen;
instructing an ultrasound transducer to transmit ultrasound
incident waves into the organic specimen and receiving
thereby ultrasound data from ultrasound reflected waves
from specimen features in the organic specimen, wherein
positional awareness of each ultrasound reflected wave
relative to the organic specimen is maintained; identifying a
reference propagation region corresponding to the reference
model image region from paired recognized specimen fea-
tures in the ultrasound data and in the model extracted data;
instructing an ultrasound transducer to transmit at least one
subsequent ultrasound incident wave into the organic speci-
men and receiving thereby subsequent ultrasound data from
ultrasound reflected waves from one or more specimen
features, wherein positional awareness is maintained
between the reference propagation region and the propaga-
tion region of the subsequent ultrasound data; and for the
subsequent ultrasound data, creating an ultrasound image,
creating a model image for a model image region from the
anatomic model data corresponding to the propagation
region of the subsequent ultrasound data, and instructing a
display module to display the ultrasound image and the
model image.

[0010] Various other representative embodiments are also
disclosed herein including the following ones.

[0011] In a fourteenth representative embodiment, a sys-
tem is disclosed. The system comprises a processor config-
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ured to receive ultrasound data from an ultrasound reflected
wave reflected from specimen features in an organic speci-
men resultant from an ultrasound incident wave transmitted
into the organic specimen by an ultrasound transducer,
wherein positional awareness of the ultrasound incident
wave relative to the organic specimen is maintained using
location of the ultrasound transducer detected by a location
detection unit; to identify each region having data obtained
from anatomic model data that satisfies one or more selec-
tion criteria in comparison to the received ultrasound data,
wherein the anatomic model data correspond to at least part
of the organic specimen; and to repeat consecutively, if the
number of identified regions is not equal to one and the
number of times the one or more selection criteria are
adjusted is less than a specified maximum number of adjust-
ments, removal of identified status from each identified
region, adjustment of the one or more selection criteria in
accordance with one or more adjustment rules and identifi-
cation of each region having data obtained from anatomic
mode] data that satisfies the adjusted one or more selection
criteria in comparison to the received ultrasound data.

[0012] In a fifteenth representative embodiment, a non-
transitory computer-readable medium having computer-ex-
ecutable instructions for causing a computer comprising a
processor and associated memory to carry out a method is
disclosed. The method comprises receiving ultrasound data
from an ultrasound reflected wave reflected from specimen
features in an organic specimen resultant from an ultrasound
incident wave transmitted into the organic specimen by an
ultrasound transducer, wherein positional awareness of the
ultrasound incident wave relative to the organic specimen is
maintained using location of the ultrasound transducer
detected by a location detection unit; identifying each region
having data obtained from anatomic model data that satisfies
one or more selection criteria in comparison to the received
ultrasound data, wherein the anatomic model data corre-
spond to at least part of the organic specimen; and repeating
consecutively, if the number of identified regions is not
equal to one and the number of times the one or more
selection criteria are adjusted is less than a specified maxi-
mum number of adjustments, removal of identified status
from each identified region, adjustment of the one or more
selection criteria in accordance with one or more adjustment
rules and identification of each region having data obtained
from anatomic model data that satisfies the adjusted one or
more selection criteria in comparison to the received ultra-
sound data.

[0013] In a sixteenth representative embodiment, a
method is disclosed. The method comprises receiving ultra-
sound data from an ultrasound reflected wave reflected from
specimen features in an organic specimen resultant from an
ultrasound incident wave transmitted into the organic speci-
men by an ultrasound transducer, wherein positional aware-
ness of the ultrasound incident wave relative to the organic
specimen is maintained using location of the ultrasound
transducer detected by a location detection unit; identifying
each region having data obtained from anatomic model data
that satisfies one or more selection criteria in comparison to
the received ultrasound data, wherein the anatomic model
data correspond to at least part of the organic specimen; and
repeating consecutively, if the number of identified regions
is not equal to one and the number of times the one or more
selection criteria are adjusted is less than a specified maxi-
mum number of adjustments, removal of identified status
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from each identified region, adjustment of the one or more
selection criteria in accordance with one or more adjustment
rules and identification of each region having data obtained
from anatomic model data that satisfies the adjusted one or
more selection criteria in comparison to the received ultra-
sound data.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The accompanying drawings provide visual repre-
sentations which will be used to more fully describe various
representative embodiments disclosed herein. They can be
used by those skilled in the art to better understand the
representative embodiments. In these drawings, like refer-
ence numerals identify corresponding elements.

[0015] FIG. 1A is a block diagram of a system for iden-
tification of organic specimen features in ultrasound images
as described in various representative embodiments.
[0016] FIG. 1B is a block diagram of another system for
identification of organic specimen features in ultrasound
images as described in various representative embodiments.
[0017] FIG. 1C is a block diagram of still another system
for identification of organic specimen features in ultrasound
images as described in various representative embodiments.
[0018] FIG. 1D is a block diagram of yet another system
for identification of organic specimen features in ultrasound
images as described in various representative embodiments.
[0019] FIG. 1E is a block diagram of yet still another
system for identification of organic specimen features in
ultrasound images as described in various representative
embodiments.

[0020] FIG. 1F is a block diagram of a system for the
identification of corresponding features in ultrasound data
obtained from an organic specimen and in model data for
that organic specimen as described in various representative
embodiments.

[0021] FIG. 1G is a block diagram of another system for
the identification of corresponding features in ultrasound
data obtained from an organic specimen and in model data
for that organic specimen as described in various represen-
tative embodiments.

[0022] FIG. 1H is a block diagram of still another system
for the identification of corresponding features in ultrasound
data obtained from an organic specimen and in model data
for that organic specimen as described in various represen-
tative embodiments.

[0023] FIG. 11is a block diagram of yet another system for
the identification of corresponding features in ultrasound
data obtained from an organic specimen and in model data
for that organic specimen as described in various represen-
tative embodiments.

[0024] FIG. 2 is a front view of the patient of FIGS. 1A,
1B, 1C, 1D, 1E, 1F, 1G, 1H and 1I with the ultrasound
transducer coupled to the shoulder of the patient.

[0025] FIG. 3 is a side view of the arrangement whose
front view is shown in FIG. 2.

[0026] FIG. 4 is a side view of a modified arrangement of
the side view shown in FIG. 3.

[0027] FIG. 5is a side view of a three-dimensional recon-
structed model from the anatomic model data for the
arrangement of F1G. 4.

[0028] FIG. 6 is another drawing of the display module of
FIGS. 1A, 1B, 1C, 1D, 1E, 1F, 1G, 1H and 1I with the
ultrasound transducer placed as in FIG. 4.
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[0029] FIG. 7 is a drawing of an alternative embodiment
of a display module for the systems of FIGS. 1A, 1B, 1C,
1D, 1E, 1F, 1G, 1H and 11.

[0030] FIG. 8 is a flow chart of a method for the identi-
fication of organic specimen features in ultrasound images
as described in various representative embodiments.
[0031] FIG. 9 is a flow chart of another method for the
identification of organic specimen features in ultrasound
images as described in various representative embodiments.
[0032] FIG. 10 is a flow chart of a segment of a method for
the identification of organic specimen features in ultrasound
data using a client computer and a server computer as
described in various representative embodiments.

[0033] FIG. 11 is a flow chart of another segment of a
method for the identification of organic specimen features in
ultrasound data using a client computer and a server com-
puter as described in various representative embodiments.
[0034] FIG. 12 is a flow chart of still another segment of
a method for the identification of organic specimen features
in ultrasound data using a client computer and a server
computer as described in various representative embodi-
ments.

[0035] FIG. 13A is a diagram of an external receiving
system for the reception of external sensor data as described
in various representative embodiments.

[0036] FIG. 13B is another diagram of the external receiv-
ing system of FIG. 13A.

[0037] FIG. 13C is yet another diagram of the external
receiving system of FIG. 13A.

[0038] FIG. 13D is still another diagram of the external
receiving system of FIG. 13A.

[0039] FIG. 13E is still yet another diagram of the external
receiving system of FIG. 13A.

[0040] FIG. 14 is a diagram of a system for the identifi-
cation of anatomic type models using the external sensor
data as described in various representative embodiments.
[0041] FIG. 15 is a flow chart of a method for the
identification of one or more anatomic type models using an
external sensor as described in various representative
embodiments.

[0042] FIG. 16A is a diagram of a receiving system for the
reception of ultrasound data from an ultrasound transducer
coupled to an organic specimen as described in various
representative embodiments.

[0043] FIG. 16B is another diagram of the receiving
system of FIG. 16A.

[0044] FIG. 16C is yet another diagram of the receiving
system of FIG. 16A.

[0045] FIG. 16D is still another diagram of the receiving
system of FIG. 16A.

[0046] FIG. 16E is still yet another diagram of the receiv-
ing system of FIG. 16A.

[0047] FIG. 16F is yet still another diagram of the receiv-
ing system of FIG. 16A.

[0048] FIG. 17 is a diagram of a system for the identifi-
cation of one or more sets of anatomic model data as
described in various representative embodiments.

[0049] FIG. 18 is a flow chart of a method for the
identification of one or more sets of anatomic model data as
described in various representative embodiments.

[0050] FIG. 19 is an additional diagram of a receiving
system for the reception of ultrasound data from an ultra-
sound transducer coupled to an organic specimen as
described in various representative embodiments.
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[0051] FIG. 20 is a diagram of a system for identification
of regions in anatomic model data using selection criteria as
described in various representative embodiments.

[0052] FIG. 21 is a part of a flow chart of a method for the
identification of model regions in the anatomic model data
as described in various representative embodiments.
[0053] FIG. 22 is a continuation of the flow chart of the
method of FIG. 21.

DETAILED DESCRIPTION

[0054] Novel techniques are disclosed herein of methods
and systems for the identification of organic features in
ultrasound images of organic specimens as shown in the
drawings for purposes of illustration. An organic specimen
is any living or deceased organism or a portion of a living
or deceased organism. In particular, the organic specimen
could be a human, another animal, a plant, or a portion of a
human, another animal, or a plant. The human could be a
baby, an infant, a child, an adolescent, a teenager, or an
adult.

[0055] Ultrasound has been used to monitor fetus devel-
opment in the womb and more recently for diagnosis in
musculoskeletal applications. Musculoskeletal applications
include the diagnosis of muscle tears, tendon tears such as
rotator cuff tears, nerve problems, blood clots in the vascular
system, and the like. Musculoskeletal ultrasound images
differ from those obtained in monitoring fetus development
in the womb in that the musculoskeletal ultrasound trans-
ducer transmits its signal in a straight line rather than a
curve. As such, a straight tendon will be displayed as a
straight line on the ultrasound monitor. Such ultrasound
machines are being used more and more in outpatient
settings. MRI, as well as ultrasound, can be used to create
images of soft, internal body tissues, but MRIs are expen-
sive. Nuclear methods can also be used but are less desirable
than ultrasound as they expose the body to radiation.
Another advantage of ultrasound is that it can be used to
create dynamic pictures rather than the static pictures of
MRI. Ultrasound diagnostic systems provide immediate
images, are portable, are safe, and are economical.

[0056] However, current systems require extensive train-
ing to develop the skills necessary for interpreting ultra-
sound images. Even after extensive training, inaccurate
diagnoses are not uncommon, and results are often incon-
sistent from one operator to another. Correctly identifying a
patient’s internal features in an ultrasound image has been
strongly dependent upon the skill of the operator that is
interpreting the image. The greatest barrier to the use of
ultrasound is that it must be practiced over and over again
which is time consuming and expensive. The operator must
be able to correctly identify the tissue displayed in an
ultrasound image which means that he/she must also know
anatomy in great detail as there are a large number of
different parts of the human anatomy that can be detected by
ultrasound. The number of operators that have had an
acceptable level of this skill has been very limited, and the
cost of obtaining this skill has been expensive.

[0057] Conversely, the representative embodiments dis-
closed herein provide systems and methods that can signifi-
cantly reduce operator training time and thereby training
expense, can reduce the incidence of an inaccurate diagnosis
by the correct identification of tissues, and can reduce the
variation from operator to operator in a diagnosis.
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[0058] While the present invention is susceptible to
embodiment in many different forms, there is shown in the
drawings and will herein be described in detail one or more
specific embodiments, with the understanding that the pres-
ent disclosure is to be considered as exemplary of the
principles of the invention and is not intended to limit the
invention to the specific embodiments shown and described.
In the following description and in the several figures of the
drawings, like reference numerals are used to describe the
same, similar, or corresponding parts in the several views of
the drawings.

[0059] In representative embodiments, an ultrasound
image obtained from an organic specimen under study is
correlated with data that represents or models all or part of
that organic specimen. By first identifying certain features
and anatomic patterns in the organic specimen that are
relatively easy to identify and correlating that information
with data from the model of the organic specimen, a
reference position of an ultrasound transducer with respect
to the organic specimen can be identified. Then while
maintaining knowledge of any subsequent movement of the
ultrasound transducer and/or any subsequent movement of
the organic specimen relative to the reference locations of
the ultrasound transducer and the organic specimen, subse-
quent ultrasound images of the organic specimen can be
correlated with images created from the model. This corre-
lation enables an operator to relatively easily identify fea-
tures in the organic specimen on the ultrasound image. A
software program could be used to automatically identify
such features. To facilitate identification of features of the
organic specimen, the ultrasound and model images can be
displayed simultaneously either on two separate displays or
together on a single display. In alternative embodiments, the
two images could be overlaid, and certain features in one or
the other images could be differentially colored, displayed
with dashes, dots, or otherwise differentiated lines and areas,
labeled and/or otherwise appropriately identified. Also, one
or the other images could be faded in and out. A computer
program could provide texted or auditory identification of a
specific tissue upon request. In addition, the operator could
preselect particular features of interest to be emphasized
when found in an ultrasound image. Such emphasis can also
be added by, for example, the addition of a preselected color
to the feature of interest, a flashing indicator, displayed with
dashes, dots, or otherwise differentiated lines and areas,
labels and/or other appropriate means. Movement of the
ultrasound transducer could be programmatically controlled
so as 1o locate preselected features on the organic specimen
with little or no operator assistance.

[0060] As the ultrasound transducer is moved, the location
of the ultrasound transducer relative to its identified, refer-
ence location can be maintained by a mechanical fixture
attached to the ultrasound transducer, by the detection of
targets placed on the ultrasound transducer using mechani-
cal, infrared, optical, radio frequency, inertial means, or by
any other acceptable means. The location of the organic
specimen relative to the identified, reference location of the
ultrasound transducer can be maintained by holding the
organic specimen immobilized, by a mechanical fixture
attached to a non-moving surface and to the organic speci-
men, or by the detection of targets placed on the organic
specimen using, mechanical coupling, infrared, optical,
radio frequency, inertial means, or by any other acceptable
means.
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[0061] The Visible Human Project® (VHP) is an effort to
create a detailed data set from cross-sectional photographs
of the human body. The Visible Human Project® is a
registered trademark of the National Library of Medicine. To
obtain the data, successive layers of a male and a female
cadaver were removed by grinding away the top surface at
regular intervals. Each of the revealed planar surfaces was
photographed and stored electronically. Image data for each
pixel in the two-dimensional photographs are stored in
digital format along with their associated three-dimensional
coordinates. Pixel image and associated coordinate data can
be used to create two-dimensional and three-dimensional
images of a representative human body (male or female) at
diverse selected depths and angular orientations.

[0062] In representative embodiments, anatomic model
data which could be, for example, the VHP data are used in
combination with ultrasound data and a three-dimensional
location detection device to create correlated model and
ultrasound images in a human patient as well as other
organic entities. These correlated images can be used to
facilitate the identification of specific features in the ultra-
sound images of the human patient or other organic speci-
men. A location detection unit could use a set of targets
coupled to the organic specimen and another set of targets
coupled to the ultrasound transducer to acquire the location
and orientation of the ultrasound transducer relative to the
organic specimen. These targets could be identified and
located by mechanical coupling means, optical, infrared,
radio frequency, inertial means, or other appropriate tech-
niques or by a combination of such techniques. Once the
reference location of the ultrasound transducer relative to the
patient (the organic specimen) is set, the location detection
unit monitors any subsequent motion of the ultrasound
transducer and/or the patient, identifies the related subse-
quent location of the ultrasound transducer and patient, and
identifies, thereby, the location and orientation of the ultra-
sound image and the associated model image. A split screen,
dual screen, or other appropriate display module can be used
to view the ultrasound and model images obtained. By
correlating the ultrasound and model images and by identi-
fying features on the model image by some means which
could be, for example, by the use of tags, features on the
ultrasound image can be readily identified by an operator.
Using such embodiments, it is no longer necessary for the
operator to receive the extensive training that has previously
been required. Previously several years of expensive train-
ing typically have been needed for an operator to attain the
needed skill level.

[0063] Due to the large amount of data that can be
associated with any given model, it may be advantageous to
divide the model into different specific areas of interest such
as, for example, a shoulder, an elbow, a wrist, a hip, or other
specific body part. Once the operator identifies a known
feature of the patient, which could be, for example, the small
notch in the bones of a shoulder in which the bicep tendon
passes through or other readily identifiable feature, the
operator could push a button or click a mouse button to
select that feature as one used for setting a plane of refer-
ence. Once the reference frame is selected, the operator
could select a feature on the ultrasound image by a mouse
click or other means and a program could then identify that
feature and notify the operator of its identity. In represen-
tative embodiments, systems and methods disclosed herein
could be used as a diagnostic tool and/or as a teaching tool.
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[0064] Pathology in the anatomic model data could be
digitally repaired so that the model is in pristine condition
prior to its use with ultrasound images. The human anatomic
mode] data might have, for example, a rotator cuff tear or
other damage. Repairing this tear in the anatomic model data
would facilitate detecting similar damage in the patient.
Based on the distances between features in the ultrasound
image used to set the reference location of the ultrasound
transducer relative to the patient (the organic specimen), the
mode] image can be appropriately scaled to match the size
of the patient. Alternatively, the anatomic model data could
have previously been scaled to certain preset representative
patient sizes such as, for example, small, medium, and large
and adjusted to known anatomic variants.

[0065] While the representative embodiments disclosed
herein are discussed in terms of static two-dimensional
model and ultrasound images, the representative embodi-
ments can also be implemented using time varying two-
dimensional model and ultrasound images, static three-
dimensional model and ultrasound images, and time varying
three-dimensional model and ultrasound images. As appro-
priate, these images can be displayed on a two-dimensional
display system as static or time varying two-dimensional
images and on a three-dimensional display system as static
or time varying three-dimensional images.

[0066] The descriptor “image” is used generally herein to
describe a data set or data stream which is representative of
at least a portion of a model of an organic specimen or as
found in or from data of ultrasound data obtained from the
organic specimen. The descriptor “image” may be, but is not
limited to, a data set representative of at least a part of a file
or data stream of the organic specimen or model thereof
which is intended for visual display. Further, the descriptor
“image” otherwise may be a data set representative of at
least a part of a file or data stream of the organic specimen
or model thereof which is not intended for visual display.
[0067] FIG. 1A is a block diagram of a system 100 for
identification of organic specimen 160 features in ultrasound
images 180 as described in various representative embodi-
ments. An ultrasound image 180 is also referred to herein as
ultrasound image data 180. The system 100 comprises an
ultrasound transducer 110, an ultrasound controller 120, a
display module 135, a location detection unit 190, and a
computer 132. The computer 132 comprises a memory
module 125 and a processor 130. In FIG. 1A, the display
module 135 comprises an ultrasound display 140 also
referred to herein as a first display 140 and a model display
145 also referred to herein as a second display 145. The
memory module 125 comprises an anatomic model memory
126, an ultrasound memory 127, and an extracted model
memory 128. The location detection unit 190 comprises an
emitter device 196, a receptor device 197, and a location
identification module 195.

[0068] The ultrasound transducer 110 is separately
coupled to the ultrasound controller 120 and to the processor
130. The processor 130 is also coupled to the location
detection unit 190 which transfers information regarding the
relative locations of the ultrasound transducer 110 and the
organic specimen 160 via location data 194 to the processor
130, to the memory module 125 within which the processor
130 is coupled to the anatomic model memory 126, the
ultrasound memory 127, and the extracted model memory
128, to the display module 135 within which the processor
130 is coupled to the ultrasound display 140 and the model
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display 145, and to the ultrasound controller 120. Coupling
between the various components of the system 100 could be
via electronic cables, optical fibers, pairs of radio frequen-
cies or infrared transmitter/receivers, or other appropriate
means for transmitting or transferring signals.

[0069] The ultrasound memory 127 is configured to store
sets of ultrasound data 187 obtained from the ultrasound
transducer 110. The anatomic model memory 126 is con-
figured to store anatomic model data 186 which is a model
of and representative of at least part 155 of an organic
specimen 160. The extracted model memory 128 is config-
ured to store sets of model extracted data 188. In represen-
tative embodiments, a set of model extracted data 188 can be
obtained from the anatomic model data 186 for each set of
ultrasound data 187 and can be associated with each set of
ultrasound data 187. Each associated set of ultrasound data
187 and model extracted data 188 can be used to create
associated ultrasound and model images 180,185 wherein
the model image 185 is a model of the region from which the
ultrasound image 180 is obtained. A model image 185 is also
referred to herein as model image data 185. The terms
ultrasound image 180 and ultrasound image data 180 gen-
erally refer to data sets or data streams which are represen-
tative of at least a portion of an organic specimen 160. They
may or may not be intended for or in a format for visual
presentation on a display. The terms model image 185 and
model image data 185 generally refer to data sets or data
streams which are representative of at least a portion of a
model of an organic specimen 160. They may or may not be
intended for or in a format for visual presentation on a
display. The processor 130 is configured to obtain the
appropriate set of model extracted data 188 and correlate it
with its associated set of ultrasound data 187. In an alternate
representative embodiment, the model image 185 can be
created from the set of model extracted data 188 without
storage of the model extracted data 188. And in another
alternate representative embodiment, the set of ultrasound
data 187 and the set of model extracted data 188 are stored
jointly in a single memory which could be the ultrasound
memory 127. The ultrasound image 180 can be displayed on
the ultrasound display 140, and concurrently the model
image 185 associated with the ultrasound image 180 can be
displayed on the model display 145.

[0070] The location identification module 195 is config-
ured to instruct the emitter device 196 to transmit location
interrogation signals 192 to transducer targets 230 (see FIG.
2 and discussion therewith) on the ultrasound transducer 110
and to specimen targets 240 (see FIG. 2 and discussion
therewith) on an organic specimen 160 which could be a
patient 160. Upon reception of the location interrogation
signals 192 by the transducer targets 230 and the specimen
targets 240, the transducer targets 230 and the specimen
targets 240 separately respond with location information
signals 193 which can be received by the receptor device
197. Information from the location information signals 193
received by the receptor device 197 is transferred from the
receptor device 197 to the location identification module
195. The location identification module 195 is further con-
figured to extract location information for the transducer
targets 230 and the specimen targets 240 from the informa-
tion in the location information signals 193 and/or from the
location interrogation signals 192. The extracted location
information for the transducer targets 230 and the specimen
targets 240 is transferred to the processor 130 as location
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data 194. The location data 194 can be used by the processor
130 to associate a specific set of ultrasound data 187 with the
relative locations and orientations of the ultrasound trans-
ducer 110 and the organic specimen 160 for which that set
of ultrasound data 187 was obtained. The location data 194
can also be used by the processor 130 to obtain a set of
model extracted data 188 from the anatomic model data 186
for the region from which the set of ultrasound data 187 is
obtained. This set of model extracted data 188 is thereby
associated with that set of ultrasound data 187.

[0071] In representative embodiments, an operator 150
holds the ultrasound transducer 110 against, for example, a
shoulder 155 of a patient 160. The patient 160 shown in FIG.
1A could more generally be any organic specimen 160 and
more particularly could be a person 160, a baby 160, another
animal 160, a plant 160 or the like. However, the term
organic specimen 160 as used herein more generally means
any living or deceased organism or any portion of a living
or deceased organism. In particular, the organic specimen
could be a human, another animal, a plant, a portion of a
human, a portion of another animal, or a portion of a plant.
The shoulder 155 shown in FIG. 1A could more generally be
apart 155 of any organic specimen 160. The initiation signal
171, the activation signal 172 and reflected data signal 173
will be more completely described with the description of
FIG. 2. The anatomic model data 186 stored in the memory
module 125 could be anatomic model data 186 of at least
part 155 of the organic specimen 160. In representative
embodiments, the anatomic model data 186 could be
obtained, for example, from the Visible Human Project®
(VHP) or other appropriate data which can be used, for
example, to create two-dimensional model images 185 of a
representative human body (male or female) at diverse
selected depths and angular orientations. The VHP data and
other model data sources could be used to create static
two-dimensional, static three-dimensional, time varying
two-dimensional, and/or time varying three-dimensional
model images 185. Various components of FIG. 1A will be
more completely described with the description of subse-
quent figures.

[0072] While the representative embodiments disclosed
herein are discussed in terms of static two-dimensional
model] and ultrasound images 185,180, the representative
embodiments can also be implemented using time varying
two-dimensional model and ultrasound images 185,180,
static three-dimensional model and ultrasound images 185,
180, and time varying three-dimensional model and ultra-
sound images 185,180. As appropriate, these images can be
displayed, for example, on a two-dimensional display sys-
tem as static or time varying two-dimensional images and on
a three-dimensional display system as static or time varying
three-dimensional images.

[0073] FIG. 1B is a block diagram of another system 100
for identification of organic specimen 160 features in ultra-
sound images 180 as described in various representative
embodiments. The system 100 of FIG. 1B differs from that
of FIG. 1A by the inclusion of the functions of the ultrasound
controller 120 in the processor 130. In this embodiment, the
processor 130 comprises the ultrasound controller 120
which creates the activation signal 172 directly and then
transfers the activation signal 172 to the ultrasound trans-
ducer 110. Again, the activation signal 172 and the reflected
data signal 173 will be more completely described with the
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description of FIG. 2, and various other components of FIG.
1B will be more completely described with the description
of subsequent figures.

[0074] FIG. 1C is a block diagram of still another system
100 for identification of organic specimen 160 features in
ultrasound images 180 as described in various representative
embodiments. The system 100 of FIG. 1C differs from that
of FIG. 1A in that the ultrasound controller 120 receives the
reflected data signal 173 from the ultrasound transducer 110
and then transfers the reflected data signal 173 to the
processor 130 either as received or as appropriately modi-
fied. The system 100 of FIG. 1C also differs from that of
FIG. 1A in that the functions of the location identification
module 195 are included in the processor 130 with the
emitter device 196 and the receptor device 197 located
external to the processor 130. The location detection unit
190 comprises the emitter device 196, the receptor device
197, and the location identification module 195. Again, the
activation signal 172 and the reflected data signal 173 will
be more completely described with the description of FIG.
2, and various other components of FIG. 1C will be more
completely described with the description of subsequent
figures.

[0075] In alternative embodiments, the location detection
unit 190 of FIG. 1A could replace the location detection unit
190 of FIG. 1C in the configuration of FIG. 1C, the location
detection unit 190 of FIG. 1C could replace the location
detection unit 190 of FIG. 1A in the configuration of FIG.
1A, and the location detection unit 190 of FIG. 1C could
replace the location detection unit 190 of FIG. 1B in the
configuration of FIG. 1B.

[0076] FIG. 1D is a block diagram of yet another system
for identification of organic specimen 160 features in ultra-
sound images 180 as described in various representative
embodiments. The system 100 of FIG. 1D differs from that
of FIG. 1A in that the processor 130 comprises an ultrasound
logic module 120a, a location identification logic module
1954, and a correlation logic module 105.

[0077] The ultrasound logic module 120a can be config-
ured to perform the functions associated with the ultrasound
controller 120 of FIGS. 1A, 1B, and/or 1C and is operatively
coupled to the ultrasound transducer 110 and to the corre-
lation logic module 105. upon instructions from the proces-
sor 130, the ultrasound logic module 120a initiates trans-
mission of the activation signal 172 to the ultrasound
transducer 110 and receives the subsequent reflected data
signal 173. The ultrasound logic module 120a then transfers
ultrasound data 187 from the reflected data signal 173 to the
correlation logic module 105.

[0078] FIG. 1E is a block diagram of yet still another
system for identification of organic specimen features in
ultrasound images as described in various representative
embodiments. The system 100 of FIG. 1E differs from that
of FIG. 1D in that the processor 130 comprises a computer
program 133 which is also referred to herein as a computer
program product 133.

[0079] The computer program product 133 comprises
instructions for carrying out a method 900 when executed by
the processor 130 on the computer 132. The computer
program product 133 is stored on a computer readable
storage medium which could be the memory module 125
and/or the memory of the processor 130. The computer
readable storage medium could be the hard drive of a
computer, a floppy disk, a CD, a DVD, a USB chip, a RAM

May 2, 2019

memory, or other acceptable storage medium. In a repre-
sentative embodiment, the computer program product 133
comprises an ultrasound logic module 120q, a location
identification logic module 1954, and a correlation logic
module 105. These logic modules comprise instructions for
performing a method 900, wherein the method 900 com-
prises: specifying a reference model image region 520a in
mode] extracted data 188 obtained from anatomic model
data 186 of at least part 155 of an organic specimen 160;
instructing an ultrasound transducer 110 to transmit ultra-
sound incident waves 201 into the organic specimen 160 and
receiving thereby ultrasound data 187 from ultrasound
reflected waves 202 from specimen features 210 in the
organic specimen 160, wherein positional awareness 194 of
each ultrasound reflected wave 202 relative to the organic
specimen 160 is maintained; identifying a reference propa-
gation region 220a corresponding to the reference model
image region 520a from paired recognized specimen fea-
tures 210 in the ultrasound data 187 and in the model
extracted data 188; instructing the ultrasound transducer 110
to transmit at least one subsequent ultrasound incident wave
201 into the organic specimen 160 and receiving thereby
subsequent ultrasound data 187 from ultrasound reflected
waves 202 from one or more specimen features 210, wherein
positional awareness is maintained between the reference
propagation region 220q and the propagation region 220 of
the subsequent ultrasound data 187; and for the subsequent
ultrasound data 187, creating an ultrasound image 180,
creating a model image 185 for a model image region 520
from the anatomic model data 186 corresponding to the
propagation region 220 of the subsequent ultrasound data
187, and instructing a display module 135 to display the
ultrasound image 180 and the model image 185.

[0080] The location identification logic module 195q is
configured to instruct the emitter device 196 to transmit
location interrogation signals 192 to transducer targets 230
(see FIG. 2 and discussion therewith) on the ultrasound
transducer 110 and to specimen targets 240 (see FIG. 2 and
discussion therewith) on an organic specimen 160 which
could be a patient 160 and to receive location information
from subsequent location information signals 193 received
by the receptor device 197. The location identification logic
module 195¢ is further configured to extract location infor-
mation for the transducer targets 230 and/or the specimen
targets 240 from the information in the location information
signals 193 and/or from the location interrogation signals
192. This location information is then transferred to the
correlation logic module 105. In FIG. 1D, the location
detection unit 190 comprises the emitter device 196, the
receptor device 197, and the location identification logic
module 1954.

[0081] The correlation logic module 105 is configured to
receive ultrasound data 187 from the ultrasound logic mod-
ule 120q and location information from the location identi-
fication logic module 1954, to obtain model extracted data
188 from the anatomic model data 186 in the memory
module 125, to identify a reference model image plane 5204
in the model extracted data 188, to identify a corresponding
reference propagation plane 220¢ from recognized specimen
features 210 in the ultrasound data 187 and associated
location information from the location identification logic
module 1954, to receive ultrasound data 187 from subse-
quent ultrasound reflected waves 202 from one or more
specimen features 210 wherein positional awareness is
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maintained between the reference propagation plane 220a
and the propagation plane 220 of the subsequent ultrasound
data 187, and for the subsequent ultrasound data 187 to
create an ultrasound image 180, to create a model image 185
for a model image plane 520 from the anatomic model data
186 corresponding to the propagation plane 220 of the
subsequent ultrasound data 187, and to transfer the ultra-
sound image 180 and the model image 185 to the display
module 135. As appropriate, the correlation logic module
105 can be further configured to store the ultrasound data
187, the model extracted data 188, the ultrasound images
180, and/or the model images 185.

[0082] In alternative representative embodiments, the
ultrasound logic module 120q, the location identification
logic module 1954, and/or the correlation logic module 105
can be implemented in hardware, as a software program, or
in firmware either external to or internal to the processor
130. The software program and/or the firmware could be
configured to provide instructions to the computer 132 to
perform various method steps and/or functions disclosed
herein. In other alternative embodiments, the ultrasound
logic module 120q, the location identification logic module
1954, and/or the correlation logic module 105 can be
replaced respectively by the ultrasound controller 120, the
location identification module 195, and or the functions of
the processor 130 as in the configurations of FIGS. 1A, 1B,
and/or 1C.

[0083] FIG. 1F is a block diagram of a system 100 for the
identification of corresponding features in ultrasound data
187 obtained from an organic specimen 160 and in anatomic
model data 186 for that organic specimen 160 as described
in various representative embodiments. The system 100 of
FIG. 1F comprises an ultrasound transducer 110, an uvltra-
sound machine 115, a location detection apparatus 191, a
combination computer 132-I, an optional client display
module 135-C and an optional server display module 135-S.
The combination computer 132-1 comprises a client com-
puter 132-C, also referred to herein as a second computer
132-C, and a server computer 132-S, also referred to herein
as a first computer 132-S.

[0084] The client computer 132-C comprises a client
memory module 125-C, also referred to herein as a client
computer memory 125-C, as a second memory module
125-C, and as a second memory 125-C, and a client pro-
cessor 130-C, also referred to herein as a second processor
130-C. The client memory module 125-C may store any
appropriate data and/or computer programs associated with
the disclosed system. The client processor 130-C comprises
an ultrasound logic module 120a and a location identifica-
tion logic module 195a. The client display module 135-C
comprises a client ultrasound display 140-C also referred to
herein as a first client display 140-C and a client model
display 145-C also referred to herein as a second client
display 145-C.

[0085] The server computer 132-S comprises a server
memory module 125-S, also referred to herein as a server
computer memory 125-3, as a first memory module 125-S,
and as a first memory 125-S, and a server processor 130-S,
also referred to herein as a first processor 130-S. The server
processor 130-S comprises a correlation logic module 105.
The server memory module 125-S comprises an anatomic
model memory 126 which is configured to store anatomic
model data 186, an ultrasound memory 127 which is con-
figured to store ultrasound data 187 and optionally an
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extracted model memory 128 configured to store model
extracted data 188. The server display module 135-S com-
prises a server ultrasound display 140-S also referred to
herein as a first server display 140-S and a server model
display 145-S also referred to herein as a second server
display 145-S.

[0086] The location detection apparatus 191 comprises an
emitter device 196 and a receptor device 197. The ultra-
sound machine 115 comprises an ultrasound module 116
which could be a signal generator 116, an optional switch
117 and an optional ultrasound machine display 118.
[0087] As needed various components of FIG. 1F may be
coupled via appropriately located and configured input/
output devices (I/O devices) 199 which are not explicitly
shown in any of the figures.

[0088] The ultrasound transducer 110 is coupled to the
ultrasound module 116 in the ultrasound machine 115. The
switch 117 is optionally coupled to the ultrasound module
116, and the ultrasound machine display 118 is optionally
coupled to the ultrasound module 116. The ultrasound
module 116 of the ultrasound machine 115 is coupled to the
client computer 132-C with subsequent coupling to the
client processor 130-C within the client computer 132-C and
then to the ultrasound logic module 120a in the client
processor 130-C. The location detection apparatus 191 is
coupled to the client computer 132-C with subsequent
coupling to the client processor 130-C within the client
computer 132-C and then to the location identification logic
module 195¢ in the client processor 130-C. The client
processor 130-C is optionally coupled to the client display
module 135-C.

[0089] The client computer 132-C is coupled to the server
computer 132-S which may be either remotely located from
or locally located with the client computer 132-C. A
remotely located server computer 132-S could be hosted on
the Internet or other network to store, manage and process
data received from the client computer 132-C.

[0090] The ultrasound logic module 120a and the location
identification logic module 195a are coupled to the corre-
lation logic module 105 in the server processor 130-S of the
server computer 132-S. The correlation logic module 105 is
configured to access data from and store data in the server
memory module 125-S.

[0091] In representative embodiments, in response to an
initiation signal 171 from the ultrasound logic module 120a
the ultrasound module 116 transmits an activation signal 172
to the ultrasound transducer 110 to transmit one or more
ultrasound incident waves 201 into the organic specimen
160 receiving thereby via the ultrasound transducer 110 one
or more reflected data signals 173 from one or more asso-
ciated ultrasound reflected waves 202 reflected from speci-
men features 210 in the organic specimen 160 (see FIG. 2
and discussion therewith). In an alternative representative
embodiment, activation signals 172 to the ultrasound trans-
ducer 110 could be initiated by the ultrasound module 116.
In another representative embodiment, the ultrasound mod-
ule 116 could be free running Further, the ultrasound trans-
ducer 110 could be configured to control enablement of
transmission of ultrasound incident waves 201 essentially
performing a freeze frame common to current commercial
ultrasound machines. Reflected data signals 173 are coupled
to the ultrasound logic module 120a and can be displayed in
appropriate format on the ultrasound machine display 118.
The switch 117 could be activated by the operator 150 or by
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other means to select one or more specific reflected data
signals 173 to transfer to the ultrasound logic module 120a
thereby limiting the data to be processed. The switch 117
could be, for example, a foot switch 117, a rocker arm switch
117, a toggle switch 117, push-button switch 117, or any
other appropriate switch mechanism 117.

[0092] The location detection apparatus 191 is configured
to instruct the emitter device 196 to transmit location
interrogation signals 192 to transducer targets 230 on the
ultrasound transducer 110 and to specimen targets 240 on an
organic specimen 160 which could be a patient 160. Upon
reception of the location interrogation signals 192 by the
transducer targets 230 and the specimen targets 240, the
transducer targets 230 and the specimen targets 240 sepa-
rately respond with location information signals 193 which
can be received by the receptor device 197 (see FIG. 2 and
discussion therewith). Information from the location infor-
mation signals 193 received by the receptor device 197 is
transferred from the receptor device 197 to the location
identification logic module 195a. The location identification
logic module 195a is further configured to extract location
information for the transducer targets 230 and the specimen
targets 240 from the information in the location information
signals 193 and/or from the location interrogation signals
192. The extracted location information for the transducer
targets 230 and the specimen targets 240 is transferred to the
correlation logic module 105 in the server processor 130-3
of the server computer 132-S as location data 194.

[0093] Both the reflected data signals 173 and the location
data 194 could be, for example, tagged with a date-time
stamp using the clock of the client computer 132-C so that
both signals could be appropriately associated with each
other, or they could be associated by any other appropriate
means. The reflected data signals 173 could be, for example,
tagged with a date-time stamp by the ultrasound logic
module 120a being outputted from that module as tagged
reflected data signals 179, and the location data 194 could
be, for example, tagged with a date-time stamp by the
location identification logic module 195a. Both the tagged
reflected data signals 179 and the location data 194 are
transferred to the server computer 132-S.

[0094] Coupling between the various components of the
system 100 could be via electronic cables, optical fibers,
radio frequency transmitters/receivers, infrared transmitter/
receivers, or other appropriate means for transmitting or
transferring signals.

[0095] The location data 194 can be used by the correla-
tion logic module 105 in the server processor 130-S to
associate a specific set of ultrasound data 187 with the
relative locations and orientations of the ultrasound trans-
ducer 110 and the organic specimen 160 for which that set
of ultrasound data 187 was obtained. The location data 194
can also be used by the server processor 130-S to obtain a
set of model extracted data 188 from the anatomic model
data 186 for the region from which the set of ultrasound data
187 is obtained. This set of model extracted data 188 is
thereby associated with that set of ultrasound data 187.
[0096] The ultrasound memory 127 is configured to store
the one or more sets of ultrasound data 187 obtained from
the ultrasound transducer 110. The anatomic model memory
126 is configured to store anatomic model data 186 which is
a model of and representative of at least part 155 of an
organic specimen 160. The extracted model memory 128 is
configured to store sets of model extracted data 188. In
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representative embodiments, a set of model extracted data
188 can be obtained from the anatomic model data 186 for
each set of ultrasound data 187 and can be associated with
each set of ultrasound data 187. Hach associated set of
ultrasound data 187 and model extracted data 188 can be
used to create associated ultrasound and model images
180,185 wherein the model image 185 is a model of the
region from which the ultrasound image 180 is obtained.
Again a model image 185 is also referred to herein as model
image data 185. The terms ultrasound image 180 and
ultrasound image data 180 generally refer to data sets or data
streams which are representative of at least a portion of an
organic specimen 160. They may or may not be intended for
or in a format for visual presentation on a display. The terms
model] image 185 and model image data 185 generally refer
to data sets or data streams which are representative of at
least a portion of a model of an organic specimen 160. They
may or may not be intended for or in a format for visual
presentation on a display. The server processor 130-S is
configured to obtain the appropriate set of model extracted
data 188 and correlate it with its associated set of ultrasound
data 187. In an alternate representative embodiment, the
model] image 185 can be created from the set of model
extracted data 188 without storage of the model extracted
data 188. And in another alternate representative embodi-
ment, the set of ultrasound data 187 and the set of model
extracted data 188 are stored jointly in a single memory
which could be the ultrasound memory 127. The ultrasound
image 180 can be transferred to the client computer 132-C
and displayed there on the client ultrasound display 140-C,
and concurrently the model image 185 associated with the
ultrasound image 180 can be transferred to the client com-
puter 132-C and displayed there on the client model display
145-C. The ultrasound image 180 can also be displayed on
the server ultrasound display 140-S, and concurrently the
model image 185 associated with the ultrasound image 180
can be displayed on the server model display 145-S.

[0097] In representative embodiments, an operator 150
holds the ultrasound transducer 110 against, for example, a
shoulder 155 of a patient 160. The patient 160 shown in FIG.
1F could more generally be any organic specimen 160 and
more particularly could be a person 160, a baby 160, another
animal 160, a plant 160 or the like. However, the term
organic specimen 160 as used herein more generally means
any living or deceased organism or any portion of a living
or deceased organism. In particular, the organic specimen
could be a human, another animal, a plant, a portion of a
human, a portion of another animal, or a portion of a plant.
The shoulder 155 shown in FIG. 1F could more generally be
apart 155 of any organic specimen 160. The initiation signal
171, the activation signal 172 and reflected data signal 173
will be more completely described with the description of
FIG. 2. The anatomic model data 186 stored in the server
memory module 125-S could be anatomic model data 186 of
at least part 155 of the organic specimen 160. In represen-
tative embodiments, the anatomic model data 186 could be
obtained, for example, from the Visible Human Project®
(VHP) or other appropriate data which can be used, for
example, to create two-dimensional model images 185 of a
representative human body (male or female) at diverse
selected depths and angular orientations. The VHP data and
other model data sources could be used to create static
two-dimensional, static three-dimensional, time varying
two-dimensional, and/or time varying three-dimensional
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model images 185. Various components of FIG. 1F will be
more completely described with the description of subse-
quent figures.

[0098] While the representative embodiments disclosed
herein are discussed in terms of static two-dimensional
model and ultrasound images 185,180, the representative
embodiments can also be implemented using time varying
two-dimensional model and ultrasound images 185,180,
static three-dimensional model and ultrasound images 185,
180, and time varying three-dimensional model and ultra-
sound images 185,180. As appropriate, these images can be
displayed, for example, on a two-dimensional display sys-
tem as static or time varying two-dimensional images and on
a three-dimensional display system as static or time varying
three-dimensional images.

[0099] FIG. 1G is a block diagram of another system 100
for the identification of corresponding features in ultrasound
data 187 obtained from an organic specimen 160 and in
anatomic model data 186 for that organic specimen 160 as
described in various representative embodiments. The sys-
tem 100 of FIG. 1G is similar to but differs from that of FIG.
1F in that the client processor 130-C comprises a client
computer program 133-C, also referred to herein as a client
computer program product 133-C, as a second computer
program 133-C, and as a second computer program product
133-C, and a server computer program 133-S, also referred
to herein as a server computer program product 133-S, as a
first computer program 133-S, and as a first computer
program product 133-S,

[0100] The client computer program product 133-C com-
prises instructions for carrying out parts of methods 1000,
1100,1200 when executed by the client processor 130-C on
the client computer 132-C (see FIGS. 10, 11, and 12 and
discussion therewith). The client computer program product
133-C is stored on a computer readable storage medium
which could be the client memory module 125-C and/or the
memory of the client processor 130-C.

[0101] The server computer program product 133-S com-
prises instructions for carrying out parts of methods 1000,
1100,1200 when executed by the server processor 130-S on
the server computer 132-S (see FIGS. 10, 11, and 12 and
discussion therewith). The server computer program product
133-S is stored on a computer readable storage medium
which could be the server memory module 125-S and/or the
memory of the server processor 130-S. The computer read-
able storage medium for the client computer program prod-
uct 133-C and the server computer program product 133-S
could separately and independently be the hard drive of a
computer, a floppy disk, a CD, a DVD, a USB chip, a RAM
memory, or other acceptable storage medium.

[0102] 1In a representative embodiment, the client com-
puter program product 133-C comprises an ultrasound logic
module 120a and a location identification logic module
1954, and the server computer program product 133-S
comprises a correlation logic module 105. As previously
stated the logic modules of the client computer program
product 133-C and the server computer program product
133-S comprise instructions for performing the methods
1000, 1100 and 1200 and functions similar to that of FIG. 1F.
[0103] FIG. 1H is a block diagram of still another system
100 for the identification of corresponding features in ultra-
sound data 187 obtained from an organic specimen 160 and
in anatomic model data 186 for that organic specimen 160
as described in various representative embodiments. The
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system 100 of FIG. 1H comprises an ultrasound transducer
110, a location detection apparatus 191, a combination
computer 132-1, an optional client display module 135-C
and an optional server display module 135-S. The combi-
nation computer 132-1 comprises a client computer 132-C,
also referred to herein as a second computer 132-C, and a
server computer 132-S also referred to herein as a first
computer 132-S.

[0104] The client computer 132-C comprises a client
memory module 125-C, also referred to herein as a client
computer memory 125-C, as a second memory module
125-C, and as a second memory 125-C, and a client pro-
cessor 130-C, also referred to herein as a second processor
130-C. The client memory module 125-C may store any
appropriate data and/or computer programs associated with
the disclosed system. The client processor 130-C comprises
an ultrasound logic module 120a and a location identifica-
tion logic module 195a. The client display module 135-C
comprises a client ultrasound display 140-C also referred to
herein as a first client display 140-C and a client model
display 145-C also referred to herein as a second client
display 145-C.

[0105] The server computer 132-S comprises a server
memory module 125-S, also referred to herein as a server
computer memory 125-S, as a first memory module 125-S,
and as a first memory 125-S, and a server processor 130-S,
also referred to herein as a first processor 130-S. The server
processor 130-S comprises a correlation logic module 105.
The server memory module 125-S comprises an anatomic
model memory 126 which is configured to store anatomic
mode] data 186, an ultrasound memory 127 which is con-
figured to store ultrasound data 187 and optionally an
extracted model memory 128 configured to store model
extracted data 188. The server display module 135-S com-
prises a server ultrasound display 140-S also referred to
herein as a first server display 140-S and a server model
display 145-S also referred to herein as a second server
display 145-S.

[0106] The location detection apparatus 191 comprises an
emitter device 196 and a receptor device 197.

[0107] As needed various components of FIG. 1H may be
coupled via appropriately located and configured input/
output devices (I/O devices) 199 which are not explicitly
shown in any of the figures.

[0108] The ultrasound transducer 110 is coupled to the
client computer 132-C with subsequent coupling to the
client processor 130-C within the client computer 132-C and
then to the ultrasound logic module 120a in the client
processor 130-C. The location detection apparatus 191 is
coupled to the client computer 132-C with subsequent
coupling to the client processor 130-C within the client
computer 132-C and then to the location identification logic
module 195q¢ in the client processor 130-C. The client
processor 130-C is optionally coupled to the client display
module 135-C.

[0109] The client computer 132-C is coupled to the server
computer 132-S which may be either remotely located from
or locally located with the client computer 132-C. A
remotely located server computer 132-S could be hosted on
the Internet or other network to store, manage and process
data received from the client computer 132-C.

[0110] The ultrasound logic module 120q and the location
identification logic module 195a are coupled to the corre-
lation logic module 105 in the server processor 130-S of the
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server computer 132-S. The correlation logic module 105 is
configured to access data from and store data in the server
memory module 125-S.

[0111] In representative embodiments, the ultrasound
logic module 120a transmits an activation signal 172 to the
ultrasound transducer 110 to transmit one or more ultra-
sound incident waves 201 into the organic specimen 160
receiving thereby via the ultrasound transducer 110 one or
more reflected data signals 173 from one or more associated
ultrasound reflected waves 202 reflected from specimen
features 210 in the organic specimen 160 (see FIG. 2 and
discussion therewith). Further, the ultrasound transducer 110
could be configured to control enablement of transmission of
ultrasound incident waves 201. Reflected data signals 173
are coupled to the ultrasound logic module 120a and can be
displayed in appropriate format on the client ultrasound
display 140-C. A switch 117 which is not shown in FIG. 1H
could be located on the client computer 132-C, on the
ultrasound transducer 110 or other appropriate location and
could be activated by the operator 150 or by other means to
select one or more specific reflected data signals 173 to
transfer to the ultrasound logic module 1204 thereby limit-
ing the data to be processed. The switch 117 could be, for
example, a foot switch 117, a rocker arm switch 117, a toggle
switch 117, push-button switch 117, or any other appropriate
switch 117.

[0112] The location detection apparatus 191 is configured
to instruct the emitter device 196 to transmit location
interrogation signals 192 to transducer targets 230 on the
ultrasound transducer 110 and to specimen targets 240 on an
organic specimen 160 which could be a patient 160. Upon
reception of the location interrogation signals 192 by the
transducer targets 230 and the specimen targets 240, the
transducer targets 230 and the specimen targets 240 sepa-
rately respond with location information signals 193 which
can be received by the receptor device 197 (see FIG. 2 and
discussion therewith). Information from the location infor-
mation signals 193 received by the receptor device 197 is
transferred from the receptor device 197 to the location
identification logic module 195a. The location identification
logic module 195a is further configured to extract location
information for the transducer targets 230 and the specimen
targets 240 from the information in the location information
signals 193 and/or from the location interrogation signals
192. The extracted location information for the transducer
targets 230 and the specimen targets 240 is transferred to the
correlation logic module 105 in the server processor 130-S
of the server computer 132-S as location data 194

[0113] Both the reflected data signals 173 and the location
data 194 could be, for example, tagged with a date-time
stamp using the clock of the client computer 132-C so that
both signals could be appropriately associated with each
other, or they could be associated by any other appropriate
means. The reflected data signals 173 could be, for example,
tagged with a date-time stamp by the ultrasound logic
module 120a being outputted from that module as tagged
reflected data signals 179, and the location data 194 could
be, for example, tagged with a date-time stamp by the
location identification logic module 195a. Both the tagged
reflected data signals 179 and the location data 194 are
transferred to the server computer 132-S.

[0114] Coupling between the various components of the
system 100 could be via electronic cables, optical fibers,
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radio frequency transmitters/receivers, infrared transmitter/
receivers, or other appropriate means for transmitting or
transferring signals.

[0115] The location data 194 can be used by the correla-
tion logic module 105 in the server processor 130-S to
associate a specific set of ultrasound data 187 with the
relative locations and orientations of the ultrasound trans-
ducer 110 and the organic specimen 160 for which that set
of ultrasound data 187 was obtained. The location data 194
can also be used by the server processor 130-S to obtain a
set of model extracted data 188 from the anatomic model
data 186 for the region from which the set of ultrasound data
187 is obtained. This set of model extracted data 188 is
thereby associated with that set of ultrasound data 187.

[0116] The ultrasound memory 127 is configured to store
the one or more sets of ultrasound data 187 obtained from
the ultrasound transducer 110. The anatomic model memory
126 is configured to store anatomic model data 186 which is
a model of and representative of at least part 155 of an
organic specimen 160. The extracted model memory 128 is
configured to store sets of model extracted data 188. In
representative embodiments, a set of model extracted data
188 can be obtained from the anatomic model data 186 for
each set of ultrasound data 187 and can be associated with
each set of ultrasound data 187. Hach associated set of
ultrasound data 187 and model extracted data 188 can be
used to create associated ultrasound and model images
180,185 wherein the model image 185 is a model of the
region from which the ultrasound image 180 is obtained.
And again model image 185 is also referred to herein as
model image data 185. The terms ultrasound image 180 and
ultrasound image data 180 generally refer to data sets or data
streams which are representative of at least a portion of an
organic specimen 160. They may or may not be intended for
or in a format for visual presentation on a display. The terms
model] image 185 and model image data 185 generally refer
to data sets or data streams which are representative of at
least a portion of a model of an organic specimen 160. They
may or may not be intended for or in a format for visual
presentation on a display. The server processor 130-S is
configured to obtain the appropriate set of model extracted
data 188 and correlate it with its associated set of ultrasound
data 187. In an alternate representative embodiment, the
model] image 185 can be created from the set of model
extracted data 188 without storage of the model extracted
data 188. And in another alternate representative embodi-
ment, the set of ultrasound data 187 and the set of model
extracted data 188 are stored jointly in a single memory
which could be the ultrasound memory 127. The ultrasound
image 180 can be transferred to the client computer 132-C
and displayed there on the client ultrasound display 140-C,
and concurrently the model image 185 associated with the
ultrasound image 180 can be transferred to the client com-
puter 132-C and displayed there on the client model display
145-C. The ultrasound image 180 can also be displayed on
the server ultrasound display 140-S, and concurrently the
model image 185 associated with the ultrasound image 180
can be displayed on the server model display 145-S.

[0117] In representative embodiments, an operator 150
holds the ultrasound transducer 110 against, for example, a
shoulder 155 of a patient 160. The patient 160 shown in FIG.
1H could more generally be any organic specimen 160 and
more particularly could be a person 160, a baby 160, another
animal 160, a plant 160 or the like. However, the term
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organic specimen 160 as used herein more generally means
any living or deceased organism or any portion of a living
or deceased organism. In particular, the organic specimen
could be a human, another animal, a plant, a portion of a
human, a portion of another animal, or a portion of a plant.
The shoulder 155 shown in FIG. 1H could more generally be
a part 155 of any organic specimen 160. The activation
signal 172 and the reflected data signal 173 will be more
completely described with the description of FIG. 2. The
anatomic model data 186 stored in the server memory
module 125-S could be anatomic model data 186 of at least
part 155 of the organic specimen 160. In representative
embodiments, the anatomic model data 186 could be
obtained, for example, from the Visible Human Project®
(VHP) or other appropriate data which can be used, for
example, to create two-dimensional model images 185 of a
representative human body (male or female) at diverse
selected depths and angular orientations. The VHP data and
other model data sources could be used to create static
two-dimensional, static three-dimensional, time varying
two-dimensional, and/or time varying three-dimensional
model images 185. Various components of FIG. 1H will be
more completely described with the description of subse-
quent figures.

[0118] While the representative embodiments disclosed
herein are discussed in terms of static two-dimensional
model and ultrasound images 185,180, the representative
embodiments can also be implemented using time varying
two-dimensional model and ultrasound images 185,180,
static three-dimensional model and ultrasound images 185,
180, and time varying three-dimensional model and ultra-
sound images 185,180. As appropriate, these images can be
displayed, for example, on a two-dimensional display sys-
tem as static or time varying two-dimensional images and on
a three-dimensional display systen as static or time varying
three-dimensional images.

[0119] FIG. 11 is a block diagram of yet another system
100 for the identification of corresponding features in ultra-
sound data 187 obtained from an organic specimen 160 and
in anatomic model data 186 for that organic specimen 160
as described in various representative embodiments. The
system 100 of FIG. 11 is similar to but differs from that of
FIG. 1H in that the client processor 130-C comprises a client
computer program 133-C, also referred to herein as a client
computer program product 133-C, as a second computer
program 133-C, and as a second computer program product
133-C, and a server computer program 133-S, also referred
to herein as a server computer program product 133-S, a first
computer program 133-S, and as a first computer program
product 133-S.

[0120] The client computer program product 133-C com-
prises instructions for carrying out parts of methods 1000,
1100,1200 when executed by the client processor 130-C on
the client computer 132-C (see FIGS. 10, 11, and 12 and
discussion therewith). The client computer program product
133-C is stored on a computer readable storage medium
which could be the client memory module 125-C and/or the
memory of the client processor 130-C.

[0121] The server computer program product 133-S com-
prises instructions for carrying out parts of methods 1000,
1100,1200 when executed by the server processor 130-S on
the server computer 132-S (see FIGS. 10, 11, and 12 and
discussion therewith). The server computer program product
133-S is stored on a computer readable storage medium
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which could be the server memory module 125-S and/or the
memory of the server processor 130-S. The computer read-
able storage medium for the client computer program prod-
uct 133-C and the server computer program product 133-S
could separately and independently be the hard drive of a
computet, a floppy disk, a CD, a DVD, a USB chip. a RAM
memory, or other acceptable storage medium.

[0122] 1In a representative embodiment, the client com-
puter program product 133-C comprises an ultrasound logic
module 120¢ and a location identification logic module
1954, and the server computer program product 133-S
comprises a correlation logic module 105. As previously
stated the logic modules of the client computer program
product 133-C and the server computer program product
133-S comprise instructions for performing the methods
1000, 1100 and 1200 and functions similar to that of FIG.
1H.

[0123] FIG. 2 is a front view of the patient 160 of FIGS.
1A, 1B, 1C, 1D, 1E, 1F, 1G, 1H and 11 with the ultrasound
transducer 110 coupled to the shoulder 155 of the patient
160. In the embodiment of FIG. 2, the activation signal 172
is transferred to the ultrasound transducer 110 which con-
verts it to an ultrasound incident wave 201 and then trans-
mits the ultrasound incident wave 201 into the shoulder 155
of the patient 160 in a propagation plane 220. The propa-
gation plane 220 is considered in an ideal sense to extend to
infinity in two dimensions. However, only that part of the
propagation plane 220 into which the ultrasound incident
wave 201 is transmitted is shown in FIG. 2. The ultrasound
incident wave 201 is reflected by various specimen features
210, as well as patient unique features 450 (see FIG. 4 and
discussion therewith) which are also referred to herein as
organic specimen unique features 450, in the patient’s
shoulder 155 as ultrasound reflected waves 202. A patient
unique feature 450 could be a pathologic feature 450 such as
amuscle tear, a tendon tear such as a rotator cuff tear, a nerve
problem, a blood clot in the vascular system, or the like, or
it could be a foreign object 450 such as a metallic pin affixed
to a broken bone in the patient 160 or the like. The
ultrasound reflected waves 202 are detected by the ultra-
sound transducer 110 and converted into a reflected data
signal 173 which is in turn transferred back to the processor
130. The plane of the ultrasound image 180 created from the
reflected data signal 173 is from features in the propagation
plane 220 and, thus, the propagation plane 220 is also the
plane of the ultrasound image 180 and is also referred to as
the ultrasound image plane 220.

[0124] The three specimen features 210a, 2105, 210c¢ (first
specimen feature 2104, second specimen feature 2105, and
third specimen feature 210¢) separately reflect that part of
the ultrasound incident wave 201 incident on them as
associated ultrasound reflected waves 202a, 2025, 202¢ (first
ultrasound reflected wave 202a, second ultrasound reflected
wave 2025, and third ultrasound reflected wave 202¢). In the
representative embodiment of FIG. 2, these three specimen
features 2104, 2105, 210c¢ have separately identifiable speci-
men reference points 215 (first specimen reference point
2154, second specimen reference point 2155, and third
specimen reference point 215¢) that together specify a
reference propagation plane 220a which is used for speci-
fying the location of and identification of additional,
detected specimen features 210. The three specimen features
210a, 2105, 210¢ and their associated specimen reference
points 215a, 2155, 215¢ in the representative embodiment of
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FIG. 2 are shown for illustrative purposes only and are not
intended to represent any physical feature of the shoulder
155 or any other part 155 of the patient 160.

[0125] In locating the specimen reference points 2154,
215h, 215¢ which are typically selected previously for
locating, the operator 150 moves the ultrasound transducer
110 to different locations on the shoulder 155 of the patient
160 until the three specimen reference points 215a, 2155,
215¢ are found. For ease of illustration and discussion, all
three specimen reference points 215a, 2155, 215¢ are shown
in FIG. 2 as being detected with the ultrasound transducer
110 in a single location, i.e., with the three specimen
reference points 215q, 2155, 215¢ in a single reference
propagation plane 220a. In the more general case, however,
as long as current locations of the ultrasound transducer 110
are known relative to a previous location, detection of the
three specimen reference points 215a, 2155, 215¢ in sepa-
rate propagation planes 220, i.e., with the ultrasound trans-
ducer 110 in separate locations relative to the patient 160 can
be used to specify the reference propagation plane 220a.

[0126] Also shown in FIG. 2 are three transducer targets
230 (first transducer target 230a, second transducer target
2304, and third transducer target 230c¢) and three specimen
targets 240 (first specimen target 240a, second specimen
target 2405, and third specimen target 240¢). In representa-
tive embodiments, the emitter device 196 of the location
detection unit 190 transmits one or more location interro-
gation signals 192 which are received by the transducer
targets 230 and the specimen targets 240. In response to the
location interrogation signals 192, the transducer targets 230
and the specimen targets 240 return location information
signals 193 which are received by the receptor device 197.
The location identification module 195 monitors any move-
ment of the ultrasound transducer 110 and of the patient 160.
The location identification module 195 transfers information
regarding the locations of the ultrasound transducer 110 and
the organic specimen 160 via location data 194 to the
processor 130. The transducer and specimen targets 230,240
could transmit location information signals 193 in response
to location interrogation signals 192, actively transmit loca-
tion information signals 193 automatically without initiation
from the location interrogation signals 192, or passively
reflect the location interrogation signals 192 as location
information signals 193. The location interrogation signals
192 and location information signals 193 could be infrared,
optical, radio frequency or any other acceptable signal types.
In addition, information regarding the relative locations of
the ultrasound transducer 110 and the organic specimen 160
can be maintained as the ultrasound transducer 110 and/or
the organic specimen 160 are/is moved by a mechanical
fixture (see FIG. 3) attached to the ultrasound transducer 110
or by an inertial reference device (see FIG. 4) attached to the
ultrasound transducer 110.

[0127] FIG. 3 is a side view of the arrangement whose
front view is shown in FIG. 2. As indicated in the discussion
of FIG. 2, the three specimen features 210a, 2105, 210¢
separately reflect that part of the ultrasound incident wave
201 incident on them as associated ultrasound reflected
waves 202a, 202, 202¢ (first ultrasound reflected wave
202a, second ultrasound reflected wave 2025, and third
ultrasound reflected wave 202¢). In the representative
embodiment of FIGS. 2 and 3, these three specimen features
210a, 2105, 210c have separately identifiable specimen
reference points 215a, 215b, 215¢ that together specify a
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reference propagation plane 220a that will be used for
specifying the location of and identification of additional,
detected specimen features 210. The reference propagation
plane 220a of the ultrasound incident wave 201 is shown
edge on in FIG. 3 and therefore appears as a line in that
figure. As previously indicated, all three specimen reference
points 215a, 2155, 215¢ may be detected with the ultrasound
transducer 110 in a single location as shown in FIGS. 2 and
3. However, as long as any current location of the ultrasound
transducer 110 is known relative to a previous location, the
three specimen reference points 215a, 2156, 215¢ can be
detected in separate propagation planes 220, i.e., with the
ultrasound transducer 110 in separate locations.

[0128] Also, shown in FIG. 3 is a representative embodi-
ment wherein the emitter device 196 and the receptor device
197 of the location detection unit 190 are replaced by a
mechanical coupling device 310 which can be used to
maintain a reference between the location of the ultrasound
transducer 110 and the location of the patient 160. The
mechanical coupling device 310 comprises a mechanical
fixture 320 and a mechanical coupler 330. In order to reduce
or eliminate movement by the patient 160, the mechanical
fixture 320 is placed adjacent to the patient 160. The
mechanical coupler 330 is located between the mechanical
fixture 320 and the ultrasound transducer 110. Measure-
ments of various angular rotations of components in the
mechanical coupling device 310 relative to the reference
propagation plane 220a can be used to compute the new
propagation plane 220 following any movement of the
ultrasound transducer 110.

[0129] FIG. 4 1s a side view of a modified arrangement of
the side view shown in FIG. 3. In FIG. 4, the ultrasound
transducer 110 is again coupled to the shoulder 155 of the
patient 160. However, the ultrasound transducer 110 has
been moved to another location on the shoulder 155 of the
patient 160.

[0130] Also, shown in FIG. 4 is a representative embodi-
ment wherein the emitter device 196 and the receptor device
197 of the location detection unit 190 of FIGS. 1A, 1B, and
1C are replaced by an inertial reference device 410 which
can be used to maintain a reference between the location of
the ultrasound transducer 110 and the location of the patient
160. The inertial reference device 410 comprises a first
inertial module 420 and a second inertial module 430. The
first inertial module 420 is coupled to the ultrasound trans-
ducer 110 and a second inertial module 430 is coupled to the
patient 160. Communication between the first and the sec-
ond inertial modules 420, 430 and the processor 130 can be
effected by infrared, optical, radio frequency, or any other
acceptable communication technology. A combination of the
mechanical fixture 320 in FIG. 3 coupled to the patient 160
and the first inertial module 420 coupled to the ultrasound
transducer 110 can also be used to maintain information
regarding the location of the ultrasound transducer 110
relative to the patient 160.

[0131] As previously discussed, the ultrasound transducer
110 converts the activation signal 172 to an ultrasound
incident wave 201 and transmits it into the shoulder 155 of
the patient 160 in the propagation plane 220. The ultrasound
incident wave 201 in FIG. 4 is reflected in the patient’s
shoulder 155 by two additional specimen features 2104,
210e (fourth specimen feature 2104 and fifth specimen
feature 210e¢) and the patient unique feature 450 as addi-
tional ultrasound reflected waves 202d, 202¢, 202/ (fourth
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ultrasound reflected wave 2024, fifth ultrasound reflected
wave 202¢, and sixth ultrasound reflected wave 202f). The
ultrasound reflected waves 202d, 202e, 202f are detected by
the ultrasound transducer 110 and converted into the
reflected data signal 173. However, the three specimen
features 2104, 2105, 210¢ and their associated specimen
reference points 215a, 2155, 215¢ are not detectable by the
ultrasound transducer 110 with the ultrasound transducer
110 positioned as in FIG. 4 as these specimen features 210aq,
2105, 210¢ do not lie in the current propagation plane 220.
[0132] Also in FIG. 4 is an instrument 460 shown inserted
into the patient’s 160 shoulder 155. The placement of the
instrument 460 within the patient’s 160 shoulder 155 can be
adjusted using appropriate ultrasound transducer 110 posi-
tions and the resultant displayed ultrasound and model
images 180,185. The instrument 460 can be configured for
providing medical treatment to the patient 160 or for obtain-
ing diagnostic information regarding the patient 160 such as
obtaining a biopsy.

[0133] FIG. 5is a side view of a three-dimensional recon-
structed model 560 from the anatomic model data 186 for
the arrangement of FIG. 4. In FIG. 5 are shown a first, a
second, a third, a fourth, and a fifth model features 510q,
5105, 510¢, 5104, 510e that in order correspond to the first,
the second, the third, the fourth, and the fifth specimen
features 210a, 2105, 210c, 2104, 210e and a first, a second,
and a third model reference points 5154, 5156, 515¢ that in
order correspond to the first, the second, and the third
specimen reference points 215a, 2155, 215¢ shown in FIG.
4. Also shown in FIG. 5 is a model image plane 520 that
corresponds to the propagation plane 220 (the ultrasound
image plane 220) of FIG. 4. Note that the first, the second,
and the third model features 510a, 5105, 510c and their
associated first, second, and third model reference points
515a, 5155, 515¢ lie in another model image plane 520a
referred to herein as the reference model image plane 520a.
The reference model image plane 5204 for the model image
185 that includes the first, second, and third model reference
points 5154, 5155, 515¢ corresponds to the reference ultra-
sound image plane 220a for the ultrasound image 180 that
includes the first, second, and third specimen reference
points 215a, 215b, 215¢. Note also, that FIG. 5 does not
include a model feature 510 that corresponds to the patient
unique feature 450 as such items are not a part of the
anatomic model data 186.

[0134] FIG. 6 is another drawing of the display module
135 of FIGS. 1A, 1B, 1C, 1D, 1E, 1F, 1G, 1H and 11 with
the ultrasound transducer 110 placed as in FIG. 4. In FIG. 6,
as in FIGS. 1A, 1B, and 1C, the ultrasound image 180 is
displayed on the ultrasound display 140 and a corresponding
model image 185 is preferably displayed concurrently on the
model display 145. The model image 185 is a display of a
two-dimensional slice through a representative model of the
patient 160 for a plane that corresponds to the propagation
plane 220 of the ultrasound incident wave 201 shown in
FIG. 4. The ultrasound reflection of the fourth and the fifth
specimen features 2104, 210e and the patient unique feature
450 of the ultrasound image 180 of the patient’s shoulder
155 are indicated on the ultrasound display 140, and the
corresponding model features 510 (fourth model feature
5104 and fifth model feature 510e ¢) are shown on the model
image 185 displayed on the model display 145.

[0135] Other locations of the ultrasound transducer 110
will result in displayed ultrasound and model images 180,

May 2, 2019

185 for other propagation planes 220. A set of ultrasound
data 187 for the ultrasound image 180 can be stored for
future reference and future creation of ultrasound images
180 in the ultrasound memory 127 of the memory module
125. The stored set of ultrasound data 187 can be keyed to
or stored with a set of model extracted data 188 obtained
from the anatomic model data 186 for the region of that part
155 of the patient 160 from which the ultrasound data 187
was obtained.

[0136] The two specimen features 2104, 210¢, the patient
unique feature 450, and the two model features 5104, 510¢
in FIG. 6 are shown for illustrative purposes only and are not
intended to represent any particular feature 210 or patient
unique feature 450 in the shoulder 155 or any other part 155
of the patient 160.

[0137] FIG. 7 is a drawing of an alternative embodiment
of a display module 135 for the systems 100 of FIGS. 1A,
1B, 1C, 1D, 1E, 1F, 1G, 1H and 1I. The display module 135
of FIG. 7 comprises a single display 710 in a split screen
mode for the combined display of the ultrasound image 180
and the model image 185. For ease and clarity of illustration,
the two specimen features 210d, 210e and the patient unique
feature 450 as well as the corresponding two model features
5104, 510¢ are not labeled in FIG. 7 as they were in FIG. 6.
[0138] As in FIG. 6, other locations of the ultrasound
transducer 110 will result in displayed ultrasound and model
images 180,185 for other propagation planes 220. A set of
ultrasound data 187 for the ultrasound image 180 can be
stored for future reference and future creation of ultrasound
images 180 in the ultrasound memory 127 of the memory
module 125. The stored set of ultrasound data 187 can be
keyed to or stored with a set of model extracted data 188
obtained from the anatomic model data 186 for the region of
that part 155 of the patient 160 from which the ultrasound
data 187 was obtained.

[0139] FIG. 8 is a flow chart of a method 800 for the
identification of organic specimen 160 features 210 in ultra-
sound images 180 as described in various representative
embodiments. In block 805 of FIG. 8, three model reference
points 515 (first, second, and third model reference points
515a, 515b, 515¢) are selected. Block 805 then transfers
control to block 810.

[0140] In block 810, the ultrasound transducer 110 is
coupled to the organic specimen 160 which could be, for
example, the patient 160. Block 810 then transfers control to
block 815.

[0141] In block 815, the ultrasound transducer 110 is
moved until the three specimen reference points 215 (first,
second, and third specimen reference points 2154, 2155,
215¢) on the patient 160 that correspond to the three model
reference points 515 (first, second, and third model reference
points 5154, 5155, 515¢) are located and marked on the
ultrasound data 187. Block 815 then transfers control to
block 820.

[0142] Inblock 820, the reference propagation plane 220a
is identified based on the first, the second, and the third
specimen reference points 2154, 2155, 215¢. Block 820 then
transfers control to block 825.

[0143] In block 825, the ultrasound transducer 110 is
moved to a new location on the patient 160. Block 825 then
transfers control to block 830.

[0144] In block 830, data specifying the new location of
the ultrasound transducer 110 is transferred by the location
detection unit 190 to the processor 130, and the reflected
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data signal 173 is transferred to the processor 130 from
which a set of ultrasound data 187 is obtained. Block 830
then transfers control to block 835.

[0145] In block 835, the set of ultrasound data 187 is
stored in the ultrasound memory 127. Block 835 then
transfers control to block 837.

[0146] In block 837, a set of model extracted data 188 is
obtained from the anatomic model data 186 in the anatomic
model memory 126 for the region from which the set of
ultrasound data 187 is obtained. Block 837 then transfers
control to block 840.

[0147] In block 840, the corresponding set of model
extracted data 188 is stored in the extracted model memory
128. Block 840 then transfers control to block 845.

[0148] In block 845, an ultrasound image 180 is created
from the set of ultrasound data 187, and a corresponding
model image 185 is created from the associated set of model
extracted data 188. Block 845 then transfers control to block
850.

[0149] In block 850, the ultrasound image 180 and the
corresponding model image 185 are displayed on the display
module 135. Block 850 then transfers control to block 855.
[0150] Inblock 855, if an additional ultrasound image 180
and corresponding model image 185 are to be obtained,
block 855 transfers control back to block 825. Otherwise,
block 855 terminates the process.

[0151] FIG.9is a flow chart of another method 900 for the
identification of organic specimen 160 features 210 in ultra-
sound images 180 as described in various representative
embodiments. In block 905 of FIG. 9, a reference model
image plane 520¢ in anatomic model data 186 of at least a
part 155 of an organic specimen 160 is identified. Block 905
then transfers control to block 910.

[0152] Inblock 910, a corresponding reference ultrasound
image plane 220q is identified by transmitting one or more
ultrasound incident waves 201 into the organic specimen
160 and receiving corresponding one or more ultrasound
reflected waves 202. Positional awareness is maintained
between the one or more ultrasound reflected waves 202.
Block 910 then transfers control to block 915.

[0153] In block 915, at least one subsequent ultrasound
incident wave 201 is transmitted into the organic specimen
160 and at least one corresponding subsequent ultrasound
reflected wave 202 reflected from one or more specimen
features 210 in the organic specimen 160 is received.
Positional awareness is maintained between the reference
ultrasound plane 220q and a propagation plane 220 of the at
least one subsequent ultrasound incident wave 201. Block
915 then transfers control to block 920.

[0154] Inblock 920, for at least one subsequent ultrasound
reflected wave 202, an ultrasound image 180, is created
therefrom. Block 920 then transfers control to block 925.
[0155] In block 925, for the at least one subsequent
ultrasound reflected wave 202, a corresponding model
image 185 from the anatomic model data 186 for the model
image plane 520 that corresponds to the ultrasound image
plane 220 for the at least one subsequent ultrasound reflected
wave 202 is created. Block 925 then transfers control to
block 930.

[0156] In block 930, for the at least one subsequent
ultrasound reflected wave 202, the ultrasound image 180 and
the model image 185 are displayed on a display module 135.
Block 930 then transfers control to block 935.
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[0157] 1In block 935, for the at least one subsequent
ultrasound reflected wave 202, a specimen feature 210 on
the ultrasound image 180 is identified from a corresponding
mode] feature 510 on the model image 185. Block 935 then
terminates the process.

[0158] FIG. 10 is a flow chart of a segment of a method
1000 for the identification of organic specimen features 210
in ultrasound data 187 using a client computer 132-C and a
server computer 132-S as described in various representative
embodiments. In block 1005 of FIG. 10, a set of one or more
ultrasound incident waves 201 are transmitted into an
organic specimen 160. Block 1005 then transfers control to
block 1010.

[0159] In block 1010, a set of one or more location
interrogation signals 192 are transmitted to locate the ultra-
sound transducer 110 relative to the organic specimen 160.
Positional awareness between each of the set of one or more
ultrasound reflected waves 202 received by the ultrasound
transducer 110 can be maintained via the results of each of
the set of the one or more additional interrogation signals
192. Block 1010 then transfers control to block 1015.
[0160] In block 1015, a set of one or more reflected data
signals 173 obtained from a set of one or more ultrasound
reflected waves 202 responsive to the set of one or more
ultrasound incident waves 201 transmitted into the organic
specimen 160 are received back from the organic specimen
160. Block 1015 then transfers control to block 1020.
[0161] In block 1020, a set of one or more location
information signals 193 responsive to the set of transmitted
one or more location interrogation signals 192 are received
back from transducer targets 230 and specimen targets 240.
Block 1020 then transfers control to block 1025.

[0162] Inblock 1025, the set of one or more reflected data
signals 173 are transferred to the client computer 132-C.
Block 1025 then transfers control to block 1030.

[0163] In block 1030, the set of one or more location
information signals 193 are transferred to the client com-
puter 132-C. Block 1030 then transfers control to block
1035,

[0164] Inblock 1035, the set of one or more reflected data
signals 173 are appropriately tagged or otherwise labeled
such that the set of one or more reflected data signals 173 can
be associated with the set of one or more location informa-
tion signals 193. The various tags could comprise date-time
stamps using the clock of the client computer 132-C. Block
1035 then transfers control to block 1040.

[0165] In block 1040, the set of one or more location
information signals 193 are appropriately tagged or other-
wise labeled such that the set of one or more reflected data
signals 173 can be associated with the set of one or more
location information signals 193. The various tags could
comprise date-time stamps using the clock of the client
computer 132-C. Block 1040 then transfers control to block
1045.

[0166] Inblock 1045, the set of one or more reflected data
signals 173 are transferred to the server computer 132-S.
Block 1045 then transfers control to block 1050.

[0167] In block 1050, the set of one or more location
information signals 193 are transferred to the server com-
puter 132-S. Block 1050 then transfers control to block
1055.

[0168] In block 1055, a reference model image region
520¢ in anatomic model data 186 of at least a part 155 of an
organic specimen 160 and a corresponding reference ultra-
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sound image region 220¢ are identified from the set of one
or more reflected data signals 173 and the set of one or more
location information signals 193 that were transferred to the
server computer 132-S. Positional awareness was main-
tained between each of the set of one or more ultrasound
reflected waves 202 received by the ultrasound transducer
110. This positional awareness of the reflected data signals
173 could have been maintained by pairing each of the one
or more reflected data signals 173 with its corresponding
location information signal 193 by, for example, inspecting
the tags such as date-time stamps on each signal with the
appropriate coupling of each of the set of reflected data
signals 173 and corresponding location information signal
193. The correlation of the ultrasound data 187 from the
reflected data signals 173 and the anatomic model data 186
to determine a reference model image region 520q and a
reference ultrasound image region 220a could be performed
automatically by the correlation logic module 105. Block
1055 can then transfer control to Block 1105 of FIG. 11 or
can optionally transfer control to Block 1205 of FIG. 12.

[0169] FIG. 11 is a flow chart of another segment of a
method 1100 for the identification of organic specimen
features 210 in ultrasound data 187 using a client computer
132-C and a server computer 132-S as described in various
representative embodiments. In block 1105 of FIG. 11, a set
of one or more additional ultrasound incident waves 201 are
transmitted into the organic specimen 160. Block 1105 then
transfers control to block 1110.

[0170] In block 1110, a set of one or more additional
location interrogation signals 192 are transmitted to locate
the ultrasound transducer 110 relative to the organic speci-
men 160. Positional awareness between each of the set of
one or more additional ultrasound reflected waves 202
received by the ultrasound transducer 110 can be maintained
via the results of each of the set of the one or more additional
interrogation signals 192. Block 1110 then transfers control
to block 1115.

[0171] In block 1115, a set of one or more additional
reflected data signals 173 obtained from the set of one or
more additional ultrasound reflected waves 202 responsive
to the set of one or more additional ultrasound incident
waves 201 transmitted into the organic specimen 160 are
received back from the organic specimen 160. Block 1115
then transfers control to block 1120.

[0172] In block 1120, a set of one or more additional
location information signals 193 responsive to the transmit-
ted set of the set of one or more additional location inter-
rogation signals 192 are received back from transducer
targets 230 and specimen targets 240. Block 1120 then
transfers control to block 1125.

[0173] In block 1125, the set of one or more additional
reflected data signals 173 are transferred to the client com-
puter 132-C. Block 1125 then transfers control to block
1130.

[0174] In block 1130, the set of one or more additional
location information signals 193 are transferred to the client
computer 132-C. Block 1130 then transfers control to block
1135,

[0175] In block 1135, the set of one or more additional
reflected data signals 173 are appropriately tagged or oth-
erwise labeled such that the one or more additional reflected
data signals 173 can be associated with the set of one or
more additional location information signals 193. The vari-
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ous tags could comprise date-time stamps using the clock of
the client computer 132-C. Block 1135 then transfers control
to block 1140.

[0176] In block 1140, the set of one or more additional
location information signals 193 are appropriately tagged or
otherwise labeled such that the one or more additional
reflected data signals 173 can be associated with the set of
one or more additional location information signals 193. The
various tags could comprise date-time stamps using the
clock of the client computer 132-C. Block 1140 then trans-
fers control to block 1145.

[0177] In block 1145, the set of one or more additional
reflected data signals 173 are transferred to the server
computer 132-S. Block 1145 then transfers control to block
1150.

[0178] In block 1150, the set of one or more additional
location information signals 193 are transferred to the server
computer 132-S. Block 1150 then transfers control to block
1155.

[0179] In block 1155, a reference model image region
520a in anatomic model data 186 of at least a part 155 of an
organic specimen 160 and a corresponding reference ultra-
sound image plane 220a are identified from the set of one or
more additional reflected data signals 173 and the one or
more additional location information signals 193 that were
transferred to the server computer 132-S. Positional aware-
ness was maintained between the one or more additional
ultrasound reflected waves 202 received by the ultrasound
transducer 110 as well as the reference propagation region
220. This positional awareness of the additional reflected
data signals 173 could have been maintained by pairing each
of the one or more additional reflected data signals 173 with
its corresponding additional location information signal 193
by, for example, inspecting the tags such as date-time stamps
on each signal with the appropriate coupling of the addi-
tional reflected data signals 173 and the corresponding
additional location information signal 193. The correlation
of the ultrasound data 187 from the reflected data signals 173
and the anatomic model data 186 to determine a model
image region 520a and a corresponding ultrasound image
region 220a could be performed automatically by the cor-
relation logic module 105. Block 1155 can then transfer
control to Block 1205 of FIG. 12.

[0180] FIG. 12 is a flow chart of still another segment of
a method 1200 for the identification of organic specimen
features 210 in ultrasound data 187 using a client computer
132-C and a server computer 132-S as described in various
representative embodiments. The descriptor “image” as used
herein generally describes a data set or data stream which is
representative of at least a portion of a model of an organic
specimen or as found in or from data of ultrasound data
obtained from the organic specimen. It may, but is not
limited to, a data set representative of at least a part of a
visual image of the organic specimen or mode] thereof. The
steps of'the still another method segment 1200 of FIG. 12 are
applicable to any sets of one or more ultrasound image data
180 and/or sets of one or more model image data 185
including sets of one or more reference ultrasound image
data 180, sets of one or more reference model image data
185, sets of one or more additional ultrasound image data
180, and/or sets of one or more model image data 185.
[0181] Inblock 1205, ultrasound image data 180 is created
from the set of ultrasound data 187, and corresponding,
associated model image data 185 is created from the asso-
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ciated set of model extracted data 188. Block 1205 then
transfers control to block 1210.

[0182] In block 1210, optionally one or more ultrasound
images 180 and/or one or more model images 185 can be
displayed on the server display module 135-S. Block 1210
then transfers control to block 1215.

[0183] In block 1215, ultrasound image data 180 and
corresponding, associated model image data 185 from the
associated set of model extracted data 188 are analyzed.
Such analysis could be performed using model image data
185 from one or more sources such as, for example, the
Visible Human Project® (VHP), MRI data, X-Ray data,
other ultrasound data, or any other appropriate source. The
analysis could also be performed automatically by the server
processor. Block 1215 then transfers control to block 1220.
[0184] In block 1220, optionally a message 170 is created
and transferred to the client computer 132-C. The message
170 could also be transferred via cell phones or other
appropriate communication device as, for example, a voice
or text message—digital or analogue. This message 170
could, for example, request an action by the operator such as
a move to a designated region of the organic specimen 160.
Block 1220 then transfers control to block 1225.

[0185] In block 1225, ultrasound image data 180 and/or
model image data 185 are transferred to the client computer
132-C. Block 1225 then transfers control to block 1230.
[0186] In block 1230, optionally an ultrasound image 180
and/or a model image 185 can be displayed on the client
display module 135-C. Block 1230 can then terminate the
process or reinitiate the steps of FIG. 11 at block 1105.
[0187] In various representative embodiments herein, the
terms propagation plane 220, ultrasound image plane 220,
propagation region 220 and ultrasound image region 220 are
referred to interchangeably; the terms reference propagation
plane 220¢, reference ultrasound image plane 220a, refer-
ence propagation region 220a and reference ultrasound
image region 220q are referred to interchangeably; the terms
model image plane 520, model image region 520 and model
region 520 are referred to interchangeably; and the terms
reference model image plane 5204, reference model image
region 520a and reference model region 520a are referred to
interchangeably.

[0188] FIG. 13A is a diagram of an external receiving
system 1300 for the reception of external sensor data 1320
as described in various representative embodiments. An
external signal 1330 can be from an organic specimen 160
which, as in the example of FIG. 13A, is a human male. In
FIG. 13A, the external receiving system 1300 comprises an
external sensor 1310 and the processor 130. The external
sensor 1310 is coupled to the processor 130. The external
sensor 1310 receives the external signal 1330 from the
organic specimen 160 from which the external sensor 1310
obtains the external sensor data 1320 and then transfers the
external sensor data 1320 to the processor 130. The external
signal 1330 could be an optical, infrared, x-ray, ultrasound
or other appropriate signal.

[0189] Coupling between the ultrasound transducer 110
and the processor 130 could be via, for example, electronic
conductors of various configurations, optical fibers, pairs of
optical, electromagnetic frequency or infrared transmitter/
receivers, or other appropriate means for transmitting or
transferring signals. In addition, the ultrasound transducer
110 and the processor 130 could be coupled via appropri-
ately located and configured input/output devices (I/O
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devices) and other appropriate devices which are not explic-
itly shown in any of the figures.

[0190] FIG. 13B is another diagram of the external receiv-
ing system 1300 of FIG. 13A. In the example of FIG. 13B,
the organic specimen 160 is a human female.

[0191] FIG. 13C is yet another diagram of the external
receiving system 1300 of FIG. 13A. In the example of FIG.
13C, the organic specimen 160 is a German Shepherd.

[0192] FIG. 13D is still another diagram of the external
receiving system 1300 of FIG. 13A. In the example of FIG.
13D, the organic specimen 160 is a Labrador Retriever.

[0193] FIG. 13E is still yet another diagram of the external
receiving system 1300 of FIG. 13A. In the example of FIG.
13C, the organic specimen 160 is a cat.

[0194] FIG. 14 is a diagram of a system 1400 for the
identification of anatomic type models 1415 using the exter-
nal sensor data 1320 as described in various representative
embodiments. FIG. 14 includes the processor 130 of FIG.
13A.

[0195] The system 1400 of FIG. 14 comprises the proces-
sor 130, an anatomic type model memory module 1410, one
or more selection criteria 1420, one or more adjustment rules
1430, a specified maximum number of adjustments 1440
used to limit the number of adjustments and adjusted one or
more selection criteria 1450. The anatomic type model
memory module 1410 comprises one or more anatomic type
models 1415 shown in FIG. 14 as anatomic type models
14154, 14155, 1415¢, 14154, 1415¢, . . . . The one or more
adjustment rules 1430 could specify adjustments dependent
upon the history of previous adjustments made to the one or
more selection criteria 1420.

[0196] The system 1400 of FIG. 14 enables identification
of each anatomic type model 1415 in an anatomic type
model memory module 1410 that satisfies one or more
selection criteria 1420 in comparison to the received exter-
nal sensor data 1320. The processor 130 of FIG. 14 receives
external sensor data 1320 extracted from the external signal
1330 that is representative of at least part of the organic
specimen 160 from one or more external sensors 1310 as
shown, for example, in the representative embodiments of
FIGS. 13A, 13B, 13C, 13D and 13E. The processor 130
identifies each anatomic type model 1415 in the anatomic
type model memory module 1410 that satisfies one or more
selection criteria 1420 in comparison to the received exter-
nal sensor data 1320. If the number of identified anatomic
type models 1415 is not equal to one and the number of
times adjustments are made to the one or more selection
criteria 1420 is less than a specified maximum number of
adjustments 1440, the one or more selection criteria 1420 are
adjusted based on one or more adjustment rules 1430, the
processor 130 identifies each anatomic type model 1415 in
the anatomic type model memory module 1410 that satisfies
the adjusted one or more selection criteria 1450 in compari-
son to the received external sensor data 1320.

[0197] Coupling between the various components of the
system 1400 could be via, for example, electronic conduc-
tors of various configurations, optical fibers, pairs of optical,
electromagnetic frequency or infrared transmitter/receivers,
or other appropriate means for transmitting or transferring
signals. In addition, the various components of FIG. 14
could be coupled via appropriately located and configured
input/output devices (I/O devices) and other appropriate
devices which are not explicitly shown in any of the figures.
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[0198] FIG. 15 is a flow chart of a method for the
identification of one or more anatomic type models 1415
using the external sensor 1310 as described in various
representative embodiments. The anatomic type models
1415 could be as, for example, in FIGS. 13A, 13B, 13C,
13D, 13E or other appropriate anatomic type models 1415
and the system 1400 could be, for example, as in FIG. 14 or
other appropriate system.

[0199] Inblock 1510 of FIG. 15, external sensor data 1320
which is generally representative of at least part of an
organic specimen 160 is received from one or more external
sensors 1310. Block 1510 then transfers control to block
1520.

[0200] In block 1520 each anatomic type model 1415 of
one or more anatomic type models 1415 in an anatomic type
model memory module 1410 that satisfies one or more
selection criteria 1420 is identified in comparison to the
received external sensor data 1320. Block 1520 then trans-
fers control to block 1530.

[0201] Inblock 1530, if the number of identified anatomic
type models 1415 is not equal to one and the number of
times the one or more selection criteria 1420 are adjusted is
less than a specified maximum number of adjustments 1440,
block 1530 transfers control to block 1535. Otherwise, block
1530 transfers control to block 1560.

[0202] In block 1535 the identified status of each identi-
fied anatomic type model 1415 is removed. Block 1535 then
transfers control to block 1540.

[0203] In block 1540 the one or more selection criteria
1420 are adjusted in accordance with the one or more
adjustment rules 1430. Block 1540 then transfers control to
block 1550.

[0204] In block 1550 each anatomic type model 1415 of
the one or more anatomic type models 1415 in the anatomic
type model memory module 1410 that satisfies the adjusted
one or more selection criteria 1420 is identified in compari-
son to the received external sensor data 1320. Block 1550
then transfers control back to block 1530.

[0205] In block 1560 results of the identification of ana-
tomic type models 1415 is reported. Block 1560 then
optionally terminates the process or receives ultrasound data
187 from an ultrasound reflected wave 202 reflected from
specimen features 210 in an organic specimen 160 resultant
from an ultrasound incident wave 201 transmitted into the
organic specimen 160 by an ultrasound transducer 110, if the
number of identified anatomic type models 1415 is equal to
one, wherein positional awareness 194 of the ultrasound
incident wave 201 relative to the organic specimen 160 is
maintained using location of the ultrasound transducer 110
detected by a location detection unit 190 subsequently
identifying a region 520 in anatomic model data 186 having
data 188 corresponding to the received ultrasound data 187.
[0206] The system 1400 and method 1500 disclosed above
enable the identification of the anatomic type model 1415
appropriate for an organic specimen 160 from which an
external signal 1330 is received.

[0207] FIG. 16A is a diagram of a receiving system 1600
for the reception of ultrasound data 187 from an ultrasound
transducer 110 coupled to an organic specimen 160 as
described in various representative embodiments. In the
example of FIG. 16A, the organic specimen 160 is a human
male 160, and the ultrasound transducer 110 is coupled to an
organic specimen part 1660 which in FIG. 16A is the right
shoulder 1660 of the human male 160.
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[0208] 1InFIG. 164, the receiving system 1600 comprises
the ultrasound transducer 110 and a processor 130. The
ultrasound transducer 110 is coupled to the processor 130.
The ultrasound transducer 110 transmits one or more ultra-
sound incident waves 201 into the organic specimen 160.
The one or more ultrasound incident waves 201 are reflected
by various specimen features 210 in the organic specimen
160 as ultrasound reflected waves 202. Upon reception by
the ultrasound transducer 110, ultrasound data 187 from the
ultrasound reflected waves 202 are transferred to the pro-
cessor 130.

[0209] Coupling between the ultrasound transducer 110
and the processor 130 could be via, for example, electronic
conductors of various configurations, optical fibers, pairs of
optical, electromagnetic frequency or infrared transmitter/
receivers, or other appropriate means for transmitting or
transferring signals. In addition, the ultrasound transducer
110 and the processor 130 could be coupled via appropri-
ately located and configured input/output devices (I/O
devices) and other appropriate devices which are not explic-
itly shown in any of the figures.

[0210] FIG. 16B is another diagram of the receiving
system 1600 of FIG. 16A. In the example of FIG. 16B, the
organic specimen 160 is a human female 160, and the
ultrasound transducer 110 is coupled to an organic specimen
part 1660 which in FIG. 16B is the right shoulder 1660 of
the human female 160.

[0211] FIG. 16C is yet another diagram of the receiving
system 1600 of FIG. 16A. In the example of FIG. 16C, the
organic specimen 160 is a human male 160, and the ultra-
sound transducer 110 is coupled to an organic specimen part
1660 which in FIG. 16C is the right shoulder 1660 of the
human male 160. The human male 160 of FIG. 16C is
shorter and broader than that of the human male 160 shown
in FIG. 16A.

[0212] FIG. 16D is still another diagram of the receiving
system 1600 of FIG. 16A. In the example of FIG. 16D, the
organic specimen 160 is a human male 160, and the ultra-
sound transducer 110 is coupled to an organic specimen part
1660 which in FIG. 16D is the left shoulder 1660 of the
human male 160.

[0213] FIG. 16E is still yet another diagram of the receiv-
ing system 1600 of FIG. 16A. In the example of FIG. 16E,
the organic specimen 160 is a human male 160, and the
ultrasound transducer 110 is coupled to an organic specimen
part 1660 which in FIG. 16F is the right shoulder 1660 of the
human male 160.

[0214] FIG. 16F is yet still another diagram of the receiv-
ing system 1600 of FIG. 16A. In the example of FIG. 16F,
the organic specimen 160 is a human male 160, and the
ultrasound transducer 110 is coupled to an organic specimen
part 1660 which in FIG. 16F is the right knee 1660 of the
human male 160.

[0215] FIG. 17 is a diagram of a system 1700 for the
identification of one or more sets of anatomic model data
1786 as described in various representative embodiments.
FIG. 17 includes the processor 130 of the external receiving
system 1600 of FIG. 16A.

[0216] The system 1700 of FIG. 17 comprises a processor
130, an anatomic model sets memory module 1710, one or
more selection criteria 1720, one or more adjustment rules
1730, a specified maximum number of adjustments 1740
and adjusted one or more selection criteria 1750. The
anatomic model sets memory module 1710 comprises one or
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more sets of anatomic model data 1786 shown in FIG. 17 as
sets of anatomic model data 1786a, 17865, 1786¢, 17864,
1786¢, . . . . The one or more adjustment rules 1730 could
specify adjustments dependent upon the history of previous
adjustments made to the one or more selection criteria 1720.
[0217] The system 1700 of FIG. 17 enables identification
of one or more sets of anatomic model data 1786 each
identified set comprising a model region 520 of extracted
anatomic model data 188 corresponding to that of the
received ultrasound data 187. Model region 520 is also
referred to herein as model image region 520 and could be
a model plane 520 also referred to herein as a model image
plane 520. The ultrasound transducer 110 transmits one or
more ultrasound incident waves 201 into an organic speci-
men 160 as, for example, in FIGS. 16A, 16B, 16C, 16D,
16E. 16F or other appropriate organic specimen 160. The
one or more ultrasound incident waves 201 are reflected by
various specimen features 210 in the organic specimen 160
as ultrasound reflected waves 202. Positional awareness of
each of the one or more ultrasound incident waves 201
relative to the organic specimen 160 is maintained using
locations 194 of the ultrasound transducer 110 detected by a
location detection unit 190 which is not shown in FIG. 17
but which is shown in other figures. Upon reception by the
ultrasound transducer 110, ultrasound data 187 from the
ultrasound reflected waves 202 are transferred to the pro-
cessor 130.

[0218] The processor 130 receives ultrasound data 187
from an ultrasound reflected wave 202 reflected from speci-
men features 210 in an organic specimen 160 resultant from
an ultrasound incident wave 201 transmitted into the organic
specimen 160 by an ultrasound transducer 110. Positional
awareness of the ultrasound incident wave 201 relative to
the organic specimen 160 may optionally be maintained
using location 194 of the ultrasound transducer 110 detected
by a location detection unit 190. The processor 130 identifies
each set of anatomic model data 1786 in an anatomic model
sets memory module 1710 having a model region 520 with
data 188 obtained from that set of anatomic model data 1786
that satisfies one or more selection criteria 1720 in compari-
son of that data 188 to the received ultrasound data 187. If
the number of identified sets of anatomic model data 1786
is not equal to one and the number of times the one or more
selection criteria 1720 are adjusted is less than a specified
maximum number of adjustments 1740, the processor 130
consecutively repeats removal of identified status from each
identified set of anatomic model data 1786, adjustment of
the one or more selection criteria 1720 in accordance with
one or more adjustment rules 1730 and identification of each
set of anatomic model data 1786 in the anatomic model sets
memory module 1710 having a model region 520 with data
188 obtained from that set of anatomic model data 1786 that
satisfies the adjusted one or more selection criteria 1720 in
comparison of that data 188 to the received ultrasound data
187.

[0219] Coupling between the various components of the
system 1700 could be via, for example, electronic conduc-
tors of various configurations, optical fibers, pairs of optical,
electromagnetic frequency or infrared transmitter/receivers,
or other appropriate means for transmitting or transferring
signals. In addition, the various components of FIG. 17
could be coupled via appropriately located and configured
input/output devices (I/O devices) and other appropriate
devices which are not explicitly shown in any of the figures.

May 2, 2019

[0220] FIG. 18 is a flow chart of a method 1800 for the
identification of one or more sets of anatomic model data
1786 as described in various representative embodiments. In
block 1810 of FIG. 18, ultrasound data 187 is received from
an ultrasound reflected wave 202 reflected from specimen
features 210 in an organic specimen 160 resultant from an
ultrasound incident wave 201 transmitted into the organic
specimen 160 by an ultrasound transducer 110. Positional
awareness of the ultrasound incident wave 201 relative to
the organic specimen 160 is optionally maintained using
location 194 of the ultrasound transducer 110 detected by a
location detection unit 190. Block 1810 then transfers con-
trol to block 1820.

[0221] In block 1820 each set of anatomic model data
1786 in an anatomic model sets memory module 1710
having a model region 520 with data 188 obtained from that
set of anatomic model data 1786 that satisfies one or more
selection criteria 1720 in comparison of that data 188 to the
received ultrasound data 187 is identified. Block 1820 then
transfers control to block 1830.

[0222] In block 1830 if the number of identified sets of
anatomic model data 1786 is not equal to one and the
number of times the one or more selection criteria 1720 are
adjusted is less than a specified maximum number of adjust-
ments 1740, block 1830 transfers control to block 1835.
Otherwise, block 1830 transfers control to block 1860.

[0223] In block 1835 the identified status of each set of
anatomic model data 1786 is removed. Block 1835 then
transfers control to block 1840.

[0224] In block 1840 the one or more selection criteria
1720 are adjusted in accordance with one or more adjust-
ment rules 1730. Block 1840 then transfers control to block
1850.

[0225] 1In block 1850 each set of anatomic model data
1786 in the anatomic model sets memory module 1710
having a model region 520 with data 188 obtained from that
set of anatomic model data 1786 that satisfies the adjusted
one or more selection criteria 1720 in comparison of that
data 188 to the received ultrasound data 187 is identified.
Block 1850 then transfers control back to block 1830.

[0226] In block 1860 the number of identified sets of
anatomic model data 1786 and the identities of the identified
sets of anatomic model data 1786 are reported. Block 1860
then terminates the process.

[0227] In representative embodiments, the anatomic
mode] sets memory module 1710 could comprise one or
more sets of anatomic model data 1786 corresponding to the
same general area of various organic specimens 160 differ-
ing in weight, size, sex and/or other characteristics, for
example, as in FIGS. 16A, 16B and 16C. In other represen-
tative embodiments, the anatomic model sets memory mod-
ule 1710 could comprise one or more sets of anatomic model
data 1786 corresponding to the different areas of a single
organic specimen 160 as, for example, the left shoulder of a
representative human male in FIG. 16D, the right shoulder
of the representative human male in FIG. 16E and the right
knee of the representative human male in FIG. 16F. And in
still other representative embodiments, the anatomic model
sets memory module 1710 could comprise any combination
of one or more sets of anatomic model data 1786 corre-
sponding to the same general area of various organic speci-
mens 160 differing in weight, size, sex and other appropriate
characteristics and one or more sets of anatomic model data
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1786 corresponding to the different areas of a single or
multiple organic specimens 160.

[0228] FIG. 19 is an additional diagram of a receiving
system 1900 for the reception of ultrasound data 187 from
an ultrasound transducer 110 coupled to an organic speci-
men 160 as described in various representative embodi-
ments. In the example of FIG. 19, the organic specimen 160
is a human male 160, and the ultrasound transducer 110 is
coupled to an organic specimen part 155 which in FIG. 19
is the right shoulder of the human male 160.

[0229] Coupling between the ultrasound transducer 110
and the processor 130 could be via, for example, electronic
conductors of various configurations, optical fibers, pairs of
optical, electromagnetic frequency or infrared transmitter/
receivers, or other appropriate means for transmitting or
transferring signals. In addition, the ultrasound transducer
110 and the processor 130 could be coupled via appropri-
ately located and configured input/output devices (I/O
devices) and other appropriate devices which are not explic-
itly shown in any of the figures.

[0230] As previously disclosed herein, the ultrasound
transducer 110 transmits one or more ultrasound incident
waves 201 into the organic specimen 160. The one or more
ultrasound incident waves 201 are reflected by various
specimen features 210 in the organic specimen 160 as
ultrasound reflected waves 202. Upon reception by the
ultrasound transducer 110, ultrasound data 187 from the
ultrasound reflected waves 202 are transferred to the pro-
cessor 130.

[0231] FIG. 20 is a diagram of a system 2000 for identi-
fication of regions 520 in anatomic model data 186 using
selection criteria 2020 as described in various representative
embodiments. FIG. 20 includes the processor 130 of the
receiving system 1900 of FIG. 19.

[0232] The system 2000 of FIG. 20 comprises a processor
130, an anatomic model memory 126, one or more selection
criteria 2020, one or more adjustment rules 2030, a specified
maximum number of adjustments 2040 and adjusted one or
more selection criteria 2050. The anatomic model memory
126 comprises anatomic model data 186 which correspond
to at least part of the organic specimen 160. The model data
186 of FIG. 20 is conceptually divided into multiple sub-
groups of data 188-a, 188-b, 188-c, 188-d, 188-¢, . . . each
of which is representative of a different model region 520-q,
520-5, 520-c, 520-d 520-¢, . . . in the model data 186 and
is extractable from the anatomic model data 186 for com-
parison with the received ultrasound data 187.

[0233] The system 2000 of FIG. 20 enables identification
of each region 520 in the anatomic model data 186 that has
data 188 that satisfies one or more selection criteria 2020 in
a comparison with the received ultrasound data 187. The
ultrasound transducer 110 transmits an ultrasound incident
wave 201 into an organic specimen 160 as, for example, in
FIG. 19 or other appropriate organic specimen 160. The
ultrasound incident wave 201 is reflected by various speci-
men features 210 in the organic specimen 160 as ultrasound
reflected waves 202. Positional awareness of the ultrasound
incident wave 201 relative to the organic specimen 160 can
be maintained using location 194 of the ultrasound trans-
ducer 110 detected by a location detection unit 190 which is
not shown in FIG. 20 but which is shown in other figures.
Upon reception by the ultrasound transducer 110, ultrasound
data 187 from the ultrasound reflected waves 202 are
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transferred to the processor 160. The processor 130 receives
the ultrasound data 187 extracted from the ultrasound
reflected waves 202.

[0234] The processor 130 extracts data 188 from each of
the multiple subgroups of data 188a, 188b, 188c, 1884,
188¢, . . . from the anatomic model data 186 and identifies
each region 520 in anatomic model data 186 having data 188
that satisfies each of the one or more selection criteria 2020
in a comparison with the received ultrasound data 187.
While the number of regions 520 is not equal to one and the
number of times the one or more selection criteria 2020 are
adjusted is less than a specified maximum number of adjust-
ments 2040, the processor 130 repeatedly adjusts the one or
more selection criteria 2020 based on one or more adjust-
ment rules 2030 and identifies each region 520 in anatomic
model data 186 having data 188 that satisfies the adjusted
one or more selection criteria 2020 in a comparison with the
received ultrasound data 187.

[0235] Coupling between the various components of the
system 2000 could be via, for example, electronic conduc-
tors of various configurations, optical fibers, pairs of optical,
electromagnetic frequency or infrared transmitter/receivers,
or other appropriate means for transmitting or transferring
signals. In addition, the various components of FIG. 20
could be coupled via appropriately located and configured
input/output devices (I/O devices) and other appropriate
devices which are not explicitly shown in any of the figures.
[0236] FIG. 21 is a part of a flow chart of a method 2100
for the identification of model regions 520 in the anatomic
mode]l data 186 as described in various representative
embodiments. FIG. 22 is a continuation of the flow chart of
the method 2100 of FIG. 21. In the part of the method 2100
shown in FIG. 21, each region 520 in the anatomic model
data 186 that has data 188 corresponding to the received
ultrasound data 187, within the limits imposed by one or
more selection criteria 2020, is identified. In the continua-
tion of the method 2100 in FIG. 22 if only one selected
model region 520 has been found, the selected region 520 is
specified as the model region 520 corresponding to the
propagation region 220 of the received ultrasound data 187,
and if the selected model region 520 and the propagation
region 220 of the received ultrasound data 187 are to be
treated as reference regions, they are specified as the refer-
ence model region 520a and reference propagation region
220a respectively.

[0237] In block 2110 of FIG. 21, ultrasound data 187 is
received from an ultrasound reflected wave 202 reflected
from specimen features 210 in an organic specimen 160
resultant from an ultrasound incident wave 201 transmitted
into the organic specimen 160 by an ultrasound transducer
110. Positional awareness of the ultrasound incident wave
201 relative to the organic specimen 160 is maintained using
location 194 of the ultrasound transducer 110 detected by a
location detection unit 190. Block 2110 then transfers con-
trol to block 2120.

[0238] In block 2120 each region 520 having data 188
obtained from anatomic model data 186 that satisfies one or
more selection criteria 2020 in a comparison with the
received ultrasound data 187 is identified. The anatomic
mode] data 186 correspond to at least part 155 of the organic
specimen 160. Block 2120 then transfers control to block
2130.

[0239] In block 2130 if the number of identified regions
520 is not equal to one and the number of times adjustments
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are made to the one or more selection criteria 2020 is less
than a specified maximum number of adjustments 2040,
block 2130 transfers control to block 2135. Otherwise, block
2130 transfers control at point “A” in FIG. 21 to block 2160
in FIG. 22. Point “A” is shown again in FIG. 22 just prior
to block 2160.

[0240] In block 2135 the identified status of each identi-
fied region 520 is removed. Block 2135 then transfers
control to block 2140.

[0241] In block 2140 the one or more selection criteria
2020 are adjusted in accordance with one or more adjust-
ment rules 2030. Block 2140 then transfers control to block
2150.

[0242] In block 2150 each region 520 having data 188
obtained from anatomic model data 186 that satisfies the
adjusted one or more selection criteria 2020 in a comparison
with the received ultrasound data 187 is identified. Block
2150 then transfers control back to block 2130.

[0243] In block 2160 if there is only one identified model
region 520, block 2160 transfers control to block 2170.
Otherwise, block 2160 transfers control to block 2195.
[0244] In block 2170 the one identified model region 520
is specified as the model region 520 corresponding to the
propagation region 220 of the ultrasound data 187. Block
2170 then transfers control to block 2180.

[0245] Inblock 2180 if the specified model region 520 and
the propagation region 220 of the ultrasound data 187 are to
be further selected as reference model region 520a and
reference propagation region 220a respectively, block 2180
transfers control to block 2190. Otherwise, block 2180
terminates the process.

[0246] In block 2190 the specified model region 520 is
further selected to be the reference model region 520a and
the propagation region 220 of the ultrasound data 187 is
further selected to be the reference propagation region 220a.
Block 2190 then terminates the process.

[0247] In block 2195 the number of identified regions and
the identities of the identified regions 520 are reported.
Block 2195 then terminates the process.

[0248] Various schemes could be used to select which
region 520 or regions 520 of the model data 186 correspond
to the propagation region 220 of the ultrasound data 187 as,
for example, attempting to match geometries of a transition
from one specimen feature 210 to another in the model data
186 with the ultrasound data 187 with the one or more
selection criteria 2020 specifying how close the model data
186 and the ultrasound data 187 must match each other by,
for example, relative locations, curvatures, or other appro-
priate characteristics with other specimen features 210 in the
data. The one or more adjustment rules 2030 could include
elements that depend upon the history of adjustments made
to the one or more selection criteria 2020 and/or the results
of the selection process.

[0249] While some of the representative embodiments
disclosed herein have been discussed in terms of the ultra-
sound transducer 110 coupled to the shoulder 155 of a
human patient 160, it will be understood by one of ordinary
skill in the art that other representative embodiments can be
implemented for use with other parts 155 of any organic
specimen 160. As stated above, an organic specimen 160 is
any living or deceased organism or any portion of a living
or deceased organism. In particular, the organic specimen
could be a human, another animal, a plant, or a portion of a
human, another animal, or a plant.
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[0250] In representative embodiments, the ultrasound
images 180 and/or the model images 185 could be stored in
the memory module 125.

[0251] In alternative representative embodiments, the
ultrasound controller 120 could be implemented in hard-
ware, as a software program, or in firmware either external
to or internal to the processor 130 or either external to or
internal to the client processor 130-C as appropriate, In
alternative representative embodiments, the location identi-
fication module 195 could be implemented in hardware, as
a software program, or in firmware either external to or
internal to the processor 130 or either external to or internal
to the client processor 130-C as appropriate

[0252] In other representative embodiments, the propaga-
tion plane 220 could be adjusted electronically rather than
by a physical movement of the ultrasound transducer 110
relative to the organic specimen 160.

[0253] The term region as used herein refers to a plane or
slice for two-dimensional embodiments and to a volume for
three-dimensional embodiments. Generally for both two-
dimensional and three-dimensional embodiments, the
propagation plane 220 is referred to as the propagation
region 220, the ultrasound image plane 220 is referred to as
the ultrasound image region 220, the reference propagation
plane 220a is referred to as the reference propagation region
220a, and the reference ultrasound image plane 220a is
referred to as the reference ultrasound image region 220a.
Also generally for both two-dimensional and three-dimen-
sional embodiments, the model image plane 520 and the
reference model image plane 520a are referred to respec-
tively as the model image region 520 and the reference
model region 520a.

[0254] The anatomic model data 186 could be obtained
from data sets such as or similar to the Visible Human
Project® (VHP) which can be used to create model images
185 of a representative human body (male or female) at
diverse selected depths and angular orientations. The ana-
tomic model data 186 could also be based on a theoretical
model of an organic specimen 160. The anatomic model data
186 stored in the memory module 125 can be anatomic
model data 186 of at least part 155 of the organic specimen
160. The processor 130 could be a central processing unit
(CPU) 130 and could be located in a computer. The memory
module 125 could be a computer memory 125.

[0255] In addition, while representative embodiments
herein have been discussed in terms of creating and display-
ing static, two-dimensional ultrasound images 180, the ultra-
sound images 180 could also be static, three-dimensional
ultrasound images 180, time varying, two-dimensional ultra-
sound images 180, and time varying, three-dimensional
ultrasound images 180. Further, while representative
embodiments herein have been discussed in terms of creat-
ing and displaying corresponding static, two-dimensional
model] images 185, the corresponding model images 185
could also be static, three-dimensional model images 185,
time varying, two-dimensional model images 185, and time
varying, three-dimensional model images 185.

[0256] Also, while representative embodiments disclosed
herein have been discussed in terms of the various modules,
components, and functions being located on or operatively
coupled to a single processor 130, multiple processors 130
can instead be employed. And further, while representative
embodiments disclosed herein have been discussed in terms
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of the various modules, components, and functions being
located locally, at least one of these can instead be distrib-
uted.

[0257] 1In a first representative embodiment, a system is
disclosed. The system comprises an ultrasound transducer
110 configured for transmitting ultrasound incident waves
201 into selected regions 220 of an organic specimen 160,
detecting resultant ultrasound reflected waves 202 from
specimen features 210 of the organic specimen 160, and
transferring ultrasound data 187 in the resultant ultrasound
reflected waves 202 for each of multiple selected ultrasound
incident waves 201 to a processor 130; a location detection
unit 190 configured for detecting locations of the ultrasound
transducer 110 and the organic specimen 160 and for trans-
ferring that location data 194 to the processor 130; a memory
module 125 configured for storing anatomic model data 186
for at least part 155 of the organic specimen 160; the
processor 130 configured for identifying the region 220
associated with selected ultrasound data 187 using location
data 194 and one or more sets of ultrasound data 187
resultant from reflections of recognized specimen features
210, creating an ultrasound image 180 from the selected
ultrasound data 187, obtaining model extracted data 188
from the anatomic model data 186 corresponding to that of
the selected ultrasound data 187 region 220, creating a
model image 185 from that model extracted data 188, and
transferring the ultrasound image 180 and the model image
185 to a display module 135; and the display module 135
configured for displaying the ultrasound image 180 and the
model image 185.

[0258] In an optional aspect of the first representative
embodiment, wherein the memory module 125 is further
configured for storing the model extracted data 188.

[0259] In an optional aspect of the first representative
embodiment, wherein the memory module 125 is further
configured for storing the ultrasound data 187.

[0260] In an optional aspect of the first representative
embodiment, wherein the processor 130 is configured for
creating and the display module 135 is configured for
displaying at least one static, two-dimensional ultrasound
image 180 and its associated static, two-dimensional model
image 185, and/or at least one static, three-dimensional
ultrasound image 180 and its associated static, three-dimen-
sional model image 185, and/or at least one set of time
varying, two-dimensional ultrasound images 180 and its
associated set of time varying, two-dimensional model
images 185, and/or at least one set of time varying, three-
dimensional ultrasound images 180 and its associated set of
time varying, three-dimensional model images 185.

[0261] In an optional aspect of the first representative
embodiment, wherein the processor 130 is a central pro-
cessing unit 130.

[0262] In an optional aspect of the first representative
embodiment, wherein the display module 135 comprises a
first display 140 and a second display 145 and wherein the
ultrasound image 180 is displayed on the first display 140
and the model image 185 is displayed on the second display
145.

[0263] In an optional aspect of the first representative
embodiment, wherein the ultrasound image 180 and the
model image 185 are overlaid on the display module 135 or
wherein the ultrasound image 180 and the model image 185
are displayed side-by-side on the display module 135.
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[0264] In an optional aspect of the first representative
embodiment, wherein the model image 185 and the ultra-
sound image 180 are scaled to each other.

[0265] In an optional aspect of the first representative
embodiment, wherein the anatomic model data 186 is
obtained from the Visible Human Project data 186 for a
representative human male or a representative human
female.

[0266] In an optional aspect of the first representative
embodiment, wherein the anatomic model data 186 is of a
representative human male or a representative human
female.

[0267] In an optional aspect of the first representative
embodiment, wherein the resultant ultrasound reflected
wave 202 further comprises reflections from a patient unique
feature 450 in the organic specimen 160.

[0268] In an optional aspect of the first representative
embodiment, wherein the resultant ultrasound reflected
wave 202 further comprises reflections from an instrument
460 inserted into the organic specimen 160 when the ultra-
sound transducer 110 is appropriately located.

[0269] In an optional aspect of the first representative
embodiment, wherein the resultant ultrasound reflected
wave 202 further comprises reflections from an instrument
460 inserted into the organic specimen 160 when the ultra-
sound transducer 110 is appropriately located and wherein
the instrument 460 is configured for providing medical
treatmernt to the organic specimen 160 or is configured for
providing diagnostic information regarding the organic
specimen 160.

[0270] In a second representative embodiment, a method
is disclosed. The method comprises specifying a reference
model image region 520¢ in model extracted data 188
obtained from anatomic model data 186 of at least part 155
of an organic specimen 160; transmitting ultrasound incident
waves 201 into the organic specimen 160 and receiving
thereby ultrasound data 187 from ultrasound reflected waves
202 from specimen features 210 in the organic specimen
160, wherein positional awareness 194 of each ultrasound
reflected wave 202 relative to the organic specimen 160 is
maintained; identifying a reference propagation region 220a
corresponding to the reference model image region 520a
from paired recognized specimen features 210 in the ultra-
sound data 187 and in the model extracted data 188; trans-
mitting at least one subsequent ultrasound incident wave 201
into the organic specimen 160 and receiving thereby sub-
sequent ultrasound data 187 from ultrasound reflected waves
202 from one or more specimen features 210, wherein
positional awareness is maintained between the reference
propagation region 220q and the propagation region 220 of
the subsequent ultrasound data 187; and for the subsequent
ultrasound data 187, creating an ultrasound image 180,
creating a model image 185 for a model image region 520
from the anatomic model data 186 corresponding to the
propagation region 220 of the subsequent ultrasound data
187, and displaying the ultrasound image 180 and the model
image 185 on a display module 135.

[0271] In an optional aspect of the second representative
embodiment, the method 900 further comprises identifying
at least one specimen feature 210 on the ultrasound image
180 from a corresponding model feature 510 on the model
image 185.

[0272] In an optional aspect of the second representative
embodiment, wherein the reference model image region
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520a is a plane 520q and is specified by three non-collinear
model reference points 515a, 5155, 515¢ in the anatomic
model data 186 of at least part 155 of the organic specimen
160.

[0273] In an optional aspect of the second representative
embodiment, wherein the reference model image region
520a is a plane 5204 and is specified by three non-collinear
model reference points 515a, 5155, 515¢ in the anatomic
model data 186 of at least part 155 of the organic specimen
160 and wherein the reference propagation region 220a in
the organic specimen 160 is a plane 220a corresponding to
the reference model image plane 520« and is identified when
one or more ultrasound incident waves 201 are reflected
separately or in combination from three specimen reference
points 215a, 2155, 215¢ corresponding to the three model
reference points 515a, 5155, 515¢.

[0274] In an optional aspect of the second representative
embodiment, wherein the model extracted data 188 is stored
in a memory module 125.

[0275] In an optional aspect of the second representative
embodiment, wherein the ultrasound data 187 is stored in a
memory module 125.

[0276] In an optional aspect of the second representative
embodiment, wherein displaying the ultrasound image 180
and the model image 185 on the display module 135
comprises: displaying at least one static, two-dimensional
ultrasound image 180 and its associated static, two-dimen-
sional model image 185, and/or displaying at least one static,
three-dimensional ultrasound image 180 and its associated
static, three-dimensional model image 185, and/or display-
ing at least one set of time varying, two-dimensional ultra-
sound images 180 and its associated set of time varying,
two-dimensional model images 185, and/or displaying at
least one set of time varying, three-dimensional ultrasound
images 180 and its associated set of time varying, three-
dimensional model images 185.

[0277] In an optional aspect of the second representative
embodiment, wherein the anatomic model data 186 is stored
in a memory module 125.

[0278] 1In an optional aspect of the second representative
embodiment, wherein the display module 135 comprises a
first display 140 and a second display 145 and wherein the
ultrasound image 180 is displayed on the first display 140
and the model image 185 is displayed on the second display
145.

[0279] In an optional aspect of the second representative
embodiment, wherein the ultrasound image 180 and the
model image 185 are overlaid on the display module 135 or
wherein the ultrasound image 180 and the model image 185
are displayed side-by-side on the display module 135.

[0280] In an optional aspect of the second representative
embodiment, wherein the model image 185 and the ultra-
sound image 180 are scaled to each other.

[0281] 1In an optional aspect of the second representative
embodiment, wherein the anatomic model data 186 is
obtained from the Visible Human Project data 186 for a
representative human male or a representative human
female.

[0282] In an optional aspect of the second representative
embodiment, wherein the anatomic model data 186 is for a
representative human male or a representative human
female.
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[0283] In an optional aspect of the second representative
embodiment, further comprising: detecting a patient unique
feature 450 in the organic specimen 160.

[0284] In an optional aspect of the second representative
embodiment, further comprising: inserting an instrument
460 into the organic specimen 160; and adjusting the instru-
ment 460 position within the organic specimen 160 using the
displayed ultrasound image 180 and displayed model image
185.

[0285] In an optional aspect of the second representative
embodiment, further comprising: inserting an instrument
460 into the organic specimen 160; and adjusting the instru-
ment 460 position within the organic specimen 160 using the
displayed ultrasound image 180 and displayed model image
185, wherein the instrument 460 is configured for providing
medical treatment to the organic specimen 160 or is con-
figured for providing diagnostic information regarding the
organic specimen 160.

[0286] In athird representative embodiment, a means 100
for identification of an organic specimen 160 feature 210 in
an ultrasound image 180 is disclosed. The means comprises
an ultrasound means 110 for transmitting ultrasound incident
waves 201 into selected regions 210 of an organic specimen
160, detecting resultant ultrasound reflected waves 202 from
specimen features 210 of the organic specimen 160, and
transferring ultrasound data 187 in the resultant ultrasound
reflected waves 202 for each of multiple selected ultrasound
incident waves 201 to a processor means 130; a location
detection means 190 for detecting locations of the ultra-
sound means 110 and the organic specimen 160 and for
transferring that location data 194 to the processor means
130; a memory means 125 for storing anatomic model data
186 for at least part 155 of the organic specimen 160; the
processor means 130 for identifying a region 220 of the
organic specimen 160 associated with selected ultrasound
data 187 using location data 194 and one or more sets of
ultrasound data 187 resultant from reflections of recognized
specimen features 210, creating an ultrasound image 180
from the selected ultrasound data 187, obtaining model
extracted data 188 from the anatomic model data 186
corresponding to that of the selected ultrasound data 187
region 220, creating a model image 185 from the model
extracted data 188, and transferring the ultrasound image
180 and the model image 185 to a display means 135; and
the display means 135 configured for displaying the ultra-
sound image 180 and the model image 185.

[0287] In a fourth representative embodiment, a computer
program product 133 stored on a non-transitory computer
readable storage medium for carrying out a method 900
when executed on a computer 132 is disclosed. The method
900 comprises specifying a reference model image region
5204 in model extracted data 188 obtained from anatomic
model data 186 of at least part 155 of an organic specimen
160; instructing an ultrasound transducer 110 to transmit
ultrasound incident waves 201 into the organic specimen
160 and receiving thereby ultrasound data 187 from ultra-
sound reflected waves 202 from specimen features 210 in
the organic specimen 160, wherein positional awareness 194
of each ultrasound reflected wave 202 relative to the organic
specimen 160 is maintained; identifying a reference propa-
gation region 220a corresponding to the reference model
image region 520a from paired recognized specimen fea-
tures 210 in the ultrasound data 202 and in the model
extracted data 188; instructing an ultrasound transducer 110
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to transmit at least one subsequent ultrasound incident wave
201 into the organic specimen 160 and receiving thereby
subsequent ultrasound data 187 from ultrasound reflected
waves 202 from one or more specimen features 210, wherein
positional awareness is maintained between the reference
propagation region 220a and the propagation region 220 of
the subsequent ultrasound data 187; and for the subsequent
ultrasound data 187, creating an ultrasound image 180,
creating a model image 185 for a model image region 520
from the anatomic model data 186 corresponding to the
propagation region 220 of the subsequent ultrasound data
187, and instructing a display module 135 to display the
ultrasound image 180 and the model image 185.

[0288] In an optional aspect of the fourth representative
embodiment, the method 900 further comprising: identify-
ing at least one specimen feature 210 on the ultrasound
image 180 from a corresponding model feature 510 on the
model image 185.

[0289] In an optional aspect of the fourth representative
embodiment, wherein the reference model image region
520a is a plane 520a and is specified by three non-collinear
model reference points 5154, 5155, 515¢ in the anatomic
model data 186 of at least part 155 of the organic specimen
160.

[0290] In an optional aspect of the fourth representative
embodiment, wherein the reference model image region
520a is a plane 5204 and is specified by three non-collinear
model reference points 515a, 5155, 515¢ in the anatomic
model data 186 of at least part 155 of the organic specimen
160 and wherein the reference propagation region 220a in
the organic specimen 160 is a plane 220a corresponding to
the reference model image plane 520 and is identified when
one or more ultrasound incident waves 201 are reflected
separately or in combination from three specimen reference
points 215a, 21556, 215¢ corresponding to the three model
reference points 515a, 5155, 515¢.

[0291] In an optional aspect of the fourth representative
embodiment, wherein the model extracted data 188 is stored
in a memory module 125.

[0292] In an optional aspect of the fourth representative
embodiment, wherein the ultrasound data 187 is stored in a
memory module 125.

[0293] In an optional aspect of the fourth representative
embodiment, wherein instructing the display module 135 to
display the ultrasound image 180 and the model image 185
comprises: an instruction to display at least one static,
two-dimensional ultrasound image 180 and its associated
static, two-dimensional model image 185, and/or an instruc-
tion to display at least one static, three-dimensional ultra-
sound image 180 and its associated static, three-dimensional
model image 185, and/or an instruction to display at least
one set of time varying, two-dimensional ultrasound images
180 and its associated set of time varying, two-dimensional
model images 185, and/or an instruction to display at least
one set of time varying, three-dimensional ultrasound
images 180 and its associated set of time varying, three-
dimensional model images 185.

[0294] In an optional aspect of the fourth representative
embodiment, wherein the anatomic model data 186 is stored
in a memory module 125.

[0295] In an optional aspect of the fourth representative
embodiment, wherein the display module 135 comprises a
first display 140 and a second display 145 and wherein the
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ultrasound image 180 is displayed on the first display 140
and the model image 185 is displayed on the second display
145.

[0296] In an optional aspect of the fourth representative
embodiment, wherein the ultrasound image 180 and the
model image 185 are overlaid on the display module 135 or
wherein the ultrasound image 180 and the model image 185
are displayed side-by-side on the display module 135.
[0297] In an optional aspect of the fourth representative
embodiment, wherein the model image 185 and the ultra-
sound image 180 are scaled to each other.

[0298] In an optional aspect of the fourth representative
embodiment, wherein the anatomic model data 186 is
obtained from the Visible Human Project data 186 for a
representative human male or a representative human
female.

[0299] In an optional aspect of the fourth representative
embodiment, wherein the anatomic model data 186 is for a
representative human male or a representative human
female.

[0300] In an optional aspect of the fourth representative
embodiment, the method 900 further comprising: detecting
a patient unique feature 450 in the organic specimen 160.
[0301] In a fifth representative embodiment, a non-transi-
tory computer-readable medium 125 having computer-ex-
ecutable instructions for causing a computer 132 comprising
a processor 130 and associated memory 125 to carry out a
method 900 is disclosed. The method 900 comprises speci-
fying a reference model image region 520a in model
extracted data 188 obtained from anatomic model data 186
of at least part 155 of an organic specimen 160; instructing
an ultrasound transducer 110 to transmit ultrasound incident
waves 201 into the organic specimen 160 and receiving
thereby ultrasound data 187 from ultrasound reflected waves
202 from specimen features 210 in the organic specimen
160, wherein positional awareness 194 of each ultrasound
reflected wave 202 relative to the organic specimen 160 is
maintained; identifying a reference propagation region 220a
corresponding to the reference model image region 520a
from paired recognized specimen features 210 in the vltra-
sound data 187 and in the model extracted data 188; instruct-
ing an ultrasound transducer 110 to transmit at least one
subsequent ultrasound incident wave 201 into the organic
specimen 160 and receiving thereby subsequent ultrasound
data 187 from ultrasound reflected waves 202 from one or
more specimen features 210, wherein positional awareness
is maintained between the reference propagation region
220 and the propagation region 220 of the subsequent
ultrasound data 187; and for the subsequent ultrasound data
187, creating an ultrasound image 180, creating a model
image 185 for a model image region 520 from the anatomic
model data 186 corresponding to the propagation region 220
of the subsequent ultrasound data 187, and instructing a
display module 135 to display the ultrasound image 180 and
the model image 185.

[0302] Inasixth representative embodiment, a system 100
is disclosed. The system 100 comprises a first processor and
a first non-volatile memory. The first processor is configured
to receive reference ultrasound data 187 from ultrasound
reflected waves 202 received from specimen features 210 in
an organic specimen 160 resultant from one or more refer-
ence ultrasound incident waves 201 transmitted into the
organic specimen 160, wherein positional awareness 194 of
each ultrasound reflected wave 202 relative to the organic
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specimen 160 is maintained; to identify a reference propa-
gation region 220a in the organic specimen 160 into which
at least one of the one or more reference ultrasound incident
waves 201 was transmitted into the organic specimen 160
and a corresponding reference model image region 520 in
anatomic model data 186, wherein the anatomic model data
186 correspond to at least part of the organic specimen 160;
and to receive additional ultrasound data 187 from ultra-
sound reflected waves 202 received from one or more
specimen features 210 in the organic specimen 160 resultant
from at least one additional ultrasound incident wave 201
transmitted into the organic specimen 160, wherein posi-
tional awareness 194 is maintained between the reference
propagation region 220a and a propagation region 220 of the
additional ultrasound data 187.

[0303] In a seventh representative embodiment, a non-
transitory computer-readable medium 125 having computer-
executable instructions for causing a computer 132 com-
prising a processor 130 and associated memory 125 to carry
out a method 900 is disclosed. The method 900 comprises
receiving reference ultrasound data 187 from ultrasound
reflected waves 202 received from specimen features 210 in
an organic specimen 160 resultant from one or more refer-
ence ultrasound incident waves 201 transmitted into the
organic specimen 160, wherein positional awareness 194 of
each ultrasound reflected wave 202 relative to the organic
specimen 160 is maintained; identifying a reference propa-
gation region 220a in the organic specimen 160 into which
at least one of the one or more reference ultrasound incident
waves 201 was transmitted into the organic specimen 160
and a corresponding reference model image region 520 in
anatomic model data 186, wherein the anatomic model data
186 correspond to at least part of the organic specimen 160;
and receiving additional ultrasound data 187 from ultra-
sound reflected waves 202 received from one or more
specimen features 210 in the organic specimen 160 resultant
from at least one additional ultrasound incident wave 201
transmitted into the organic specimen 160, wherein posi-
tional awareness 194 is maintained between the reference
propagation region 220a and a propagation region 220 of the
additional ultrasound data 187.

[0304] In an eighth representative embodiment, a system
1400 is disclosed. The system 1400 comprises a processor
130, the processor 130 configured to receive external sensor
data 1320 representative of at least part of an organic
specimen 160 from one or more external sensors 1310; to
identify each anatomic type model 1415 in an anatomic type
model memory module 1410 that satisfies one or more
selection criteria 1420 in comparison to the received exter-
nal sensor data 1320; to repeat consecutively, if the number
of identified anatomic type models 1415 is not equal to one
and the number of times the one or more selection criteria
1420 are adjusted is less than a specified maximum number
of adjustments 1440, removal of identified status from each
identified anatomic type model 1415, adjustment of the one
or more selection criteria 1420 in accordance with one or
more adjustment rules 1430 and identification of each ana-
tomic type model 1415 in the anatomic type model memory
module 1410 that satisfies the adjusted one or more selection
criteria 1450 in comparison to the received external sensor
data 1320; and to receive ultrasound data 187 from an
ultrasound reflected wave 202 reflected from specimen
features 210 in an organic specimen 160 resultant from an
ultrasound incident wave 201 transmitted into the organic
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specimen 160 by an ultrasound transducer 110, if the number
of identified anatomic type models 1415 is equal to one,
wherein positional awareness 194 of the ultrasound incident
wave 201 relative to the organic specimen 160 is maintained
using location of the ultrasound transducer 110 detected by
a location detection unit 190.

[0305] In a ninth representative embodiment, a non-tran-
sitory computer-readable medium 125 having computer-
executable instructions for causing a computer 132 com-
prising a processor 130 and associated memory 125 to carry
out a method 1500 is disclosed. The method 1500 comprises
receiving external sensor data 1320 representative of at least
part of an organic specimen 160 from one or more external
sensors 1310; identifying each anatomic type model 1415 in
an anatomic type model memory module 1410 that satisfies
one or more selection criteria 1420 in comparison to the
received external sensor data 1320; repeating consecutively,
if the number of identified anatomic type models 1415 is not
equal to one and the number of times the one or more
selection criteria 1420 are adjusted is less than a specified
maximum number of adjustments 1440, removal of identi-
fied status from each identified anatomic type model 1415,
adjustment of the one or more selection criteria 1420 in
accordance with one or more adjustment rules 1430 and
identification of each anatomic type model 1415 in the
anatomic type model memory module 1410 that satisfies the
adjusted one or more selection criteria 1450 in comparison
to the received external sensor data 1320; and receiving
ultrasound data 187 from an ultrasound reflected wave 202
reflected from specimen features 210 in an organic specimen
160 resultant from an ultrasound incident wave 201 trans-
mitted into the organic specimen 160 by an ultrasound
transducer 110, if the number of identified anatomic type
models 1415 is equal to one, wherein positional awareness
194 of the ultrasound incident wave 201 relative to the
organic specimen 160 is maintained using location of the
ultrasound transducer 110 detected by a location detection
unit 190.

[0306] In a tenth representative embodiment, a method
1800 is disclosed. The method 1800 comprises receiving
external sensor data 1320 representative of at least part of an
organic specimen 160 from one or more external sensors
1310; identifying each anatomic type model 1415 in an
anatomic type model memory module 1410 that satisfies one
or more selection criteria 1420 in comparison to the received
external sensor data 1320; repeating consecutively, if the
number of identified anatomic type models 1415 is not equal
to one and the number of times the one or more selection
criteria 1420 are adjusted is less than a specified maximum
number of adjustments 1440, removal of identified status
from each identified anatomic type model 1415, adjustment
of the one or more selection criteria 1420 in accordance with
one or more adjustment rules 1430 and identification of each
anatomic type model 1415 in the anatomic type model
memory module 1410 that satisfies the adjusted one or more
selection criteria 1450 in comparison to the received exter-
nal sensor data 1320; and receiving ultrasound data 187
from an ultrasound reflected wave 202 reflected from speci-
men features 210 in an organic specimen 160 resultant from
an ultrasound incident wave 201 transmitted into the organic
specimen 160 by an ultrasound transducer 110, if the number
of identified anatomic type models 1415 is equal to one,
wherein positional awareness 194 of the ultrasound incident
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wave 201 relative to the organic specimen 160 is maintained
using location of the ultrasound transducer 110 detected by
a location detection unit 190.

[0307] In an eleventh representative embodiment, a sys-
tem 1700 is disclosed. The system 1700 comprises a pro-
cessor 130, the processor 130 configured to receive ultra-
sound data 187 from an ultrasound reflected wave 202
reflected from specimen features 210 in an organic specimen
160 resultant from an ultrasound incident wave 201 trans-
mitted into the organic specimen 160 by an ultrasound
transducer 110, wherein positional awareness of the ultra-
sound incident wave 201 relative to the organic specimen
160 is maintained using location 194 of the ultrasound
transducer 110 detected by a location detection unit 190; to
identify each set of anatomic model data 1786 in an ana-
tomic model sets memory module 1710 having a model
region 520 with data 188 obtained from that set of anatomic
model data 1786 that satisfies one or more selection criteria
1720 in comparison of that data 188 to the received ultra-
sound data 187; and to repeat consecutively, if the number
of identified sets of anatomic model data 1786 is not equal
to one and the number of times the one or more selection
criteria 1720 are adjusted is less than a specified maximum
number of adjustments 1740, removal of identified status
from each identified set of anatomic model data 1786,
adjustment of the one or more selection criteria 1720 in
accordance with one or more adjustment rules 1730 and
identification of each set of anatomic model data 1786 in the
anatomic model sets memory module 1710 having a model
region 520 with data 188 obtained from that set of anatomic
model data 1786 that satisfies the adjusted one or more
selection criteria 1720 in comparison of that data 188 to the
received ultrasound data 187.

[0308] In a twelfth representative embodiment, a non-
transitory computer-readable medium 125 having computer-
executable instructions for causing a computer 132 com-
prising a processor 130 and associated memory 125 to carry
outa method 1800 is disclosed. The method 1800 comprises
receiving ultrasound data 187 from an ultrasound reflected
wave 202 reflected from specimen features 210 in an organic
specimen 160 resultant from an ultrasound incident wave
201 transmitted into the organic specimen 160 by an ultra-
sound transducer 110, wherein positional awareness of the
ultrasound incident wave 201 relative to the organic speci-
men 160 is maintained using location 194 of the ultrasound
transducer 110 detected by a location detection unit 190,
identifying each set of anatomic model data 1786 in an
anatomic model sets memory module 1710 having a model
region 520 with data 188 obtained from that set of anatomic
model data 1786 that satisfies one or more selection criteria
1720 in comparison of that data 188 to the received ultra-
sound data 187; and repeating consecutively, if the number
of identified sets of anatomic model data 1786 is not equal
to one and the number of times the one or more selection
criteria 1720 are adjusted is less than a specified maximum
number of adjustments 1740, removal of identified status
from each identified set of anatomic model data 1786,
adjustment of the one or more selection criteria 1720 in
accordance with one or more adjustment rules 1730 and
identification of each set of anatomic model data 1786 in the
anatomic model sets memory module 1710 having a model
region 520 with data 188 obtained from that set of anatomic
model data 1786 that satisfies the adjusted one or more
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selection criteria 1720 in comparison of that data 188 to the
received ultrasound data 187.

[0309] In a thirteenth representative embodiment, a
method 1800 is disclosed. The method 1800 comprises
receiving ultrasound data 187 from an ultrasound reflected
wave 202 reflected from specimen features 210 in an organic
specimen 160 resultant from an ultrasound incident wave
201 transmitted into the organic specimen 160 by an ultra-
sound transducer 110, wherein positional awareness of the
ultrasound incident wave 201 relative to the organic speci-
men 160 is maintained using location 194 of the ultrasound
transducer 110 detected by a location detection unit 190;
identifying each set of anatomic model data 1786 in an
anatomic model sets memory module 1710 having a model
region 520 with data 188 obtained from that set of anatomic
model data 1786 that satisfies one or more selection criteria
1720 in comparison of that data 188 to the received ultra-
sound data 187; and repeating consecutively, if the number
of identified sets of anatomic model data 1786 is not equal
to one and the number of times the one or more selection
criteria 1720 are adjusted is less than a specified maximum
number of adjustments 1740, removal of identified status
from each identified set of anatomic model data 1786,
adjustment of the one or more selection criteria 1720 in
accordance with one or more adjustment rules 1730 and
identification of each set of anatomic model data 1786 in the
anatomic model sets memory module 1710 having a model
region 520 with data 188 obtained from that set of anatomic
mode] data 1786 that satisfies the adjusted one or more
selection criteria 1720 in comparison of that data 188 to the
received ultrasound data 187.

[0310] In a fourteenth representative embodiment, a sys-
tem 2000 is disclosed. The system 2000 comprises a pro-
cessor 130 configured to receive ultrasound data 187 from
an ultrasound reflected wave 202 reflected from specimen
features 210 in an organic specimen 160 resultant from an
ultrasound incident wave 201 transmitted into the organic
specimen 160 by an ultrasound transducer 110, wherein
positional awareness of the ultrasound incident wave 201
relative to the organic specimen 160 is maintained using
location 194 of the ultrasound transducer 110 detected by a
location detection unit 190; to identify each region 520
having data 188 obtained from anatomic model data 186 that
satisfies one or more selection criteria 2020 in comparison to
the received ultrasound data 187, wherein the anatomic
model data 186 correspond to at least part 155 of the organic
specimen 160; and to repeat consecutively, if the number of
identified regions 520 is not equal to one and the number of
times the one or more selection criteria 2020 are adjusted is
less than a specified maximum number of adjustments 2040,
removal of identified status from each identified region 520,
adjustment of the one or more selection criteria 2020 in
accordance with one or more adjustment rules 2030 and
identification of each region 520 having data 188 obtained
from anatomic model data 186 that satisfies the adjusted one
or more selection criteria 2020 in comparison to the received
ultrasound data 187.

[0311] In a fifteenth representative embodiment, a non-
transitory computer-readable medium 125 having computer-
executable instructions for causing a computer 132 com-
prising a processor 130 and associated memory 125 to carry
out a method 2100 is disclosed. The method 2100 comprises
receiving ultrasound data 187 from an ultrasound reflected
wave 202 reflected from specimen features 210 in an organic
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specimen 160 resultant from an ultrasound incident wave
201 transmitted into the organic specimen 160 by an ultra-
sound transducer 110, wherein positional awareness of the
ultrasound incident wave 201 relative to the organic speci-
men 160 is maintained using location 194 of the ultrasound
transducer 110 detected by a location detection unit 190;
identifying each region 520 having data 188 obtained from
anatomic model data 186 that satisfies one or more selection
criteria 2020 in comparison to the received ultrasound data
187, wherein the anatomic model data 186 correspond to at
least part 155 of the organic specimen 160; and repeating
consecutively, if the number of identified regions 520 is not
equal to one and the number of times the one or more
selection criteria 2020 are adjusted is less than a specified
maximum number of adjustments 2040, removal of identi-
fied status from each identified region 520, adjustment of the
one or more selection criteria 2020 in accordance with one
or more adjustment rules 2030 and identification of each
region 520 having data 188 obtained from anatomic model
data 186 that satisfies the adjusted one or more selection
criteria 2020 in comparison to the received ultrasound data
187.

[0312] In a sixteenth representative embodiment, a
method 2100 is disclosed. The method 2100 comprises
receiving ultrasound data 187 from an ultrasound reflected
wave 202 reflected from specimen features 210 in an organic
specimen 160 resultant from an ultrasound incident wave
201 transmitted into the organic specimen 160 by an ultra-
sound transducer 110, wherein positional awareness of the
ultrasound incident wave 201 relative to the organic speci-
men 160 is maintained using location 194 of the ultrasound
transducer 110 detected by a location detection unit 190;
identifying each region 520 having data 188 obtained from
anatomic model data 186 that satisfies one or more selection
criteria 2020 in comparison to the received ultrasound data
187, wherein the anatomic model data 186 correspond to at
least part 155 of the organic specimen 160; and repeating
consecutively, if the number of identified regions 520 is not
equal to one and the number of times the one or more
selection criteria 2020 are adjusted is less than a specified
maximum number of adjustments 2040, removal of identi-
fied status from each identified region 520, adjustment of the
one or more selection criteria 2020 in accordance with one
or more adjustment rules 2030 and identification of each
region 520 having data 188 obtained from anatomic model
data 186 that satisfies the adjusted one or more selection
criteria 2020 in comparison to the received ultrasound data
187.

[0313] Identifying of an organic specimen 160 model
region 520 with an ultrasound propagation region 220 of
received ultrasound data 187 is the same as correlating the
organic specimen 160 model region 520 with the ultrasound
propagation region 220 of the received ultrasound data 187.
[0314] In representative embodiments, the anatomic
model data 186 for at least part of the organic specimen 160
can be for a representative organic specimen, a representa-
tive human male, and/or a representative human female that
is other than the organic specimen 160 or patient 160 from
which ultrasound data 187 is obtained.

[0315] It will be appreciated that any module or compo-
nent disclosed herein that executes instructions may include
or otherwise have access to non-transient and tangible
computer readable media such as storage media, computer
storage media, or data storage devices (removable or non-
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removable) such as, for example, magnetic disks, optical
disks, or tape data storage. Computer storage media may
include volatile and non-volatile, removable and non-re-
movable media implemented in any method or technology
for storage of information, such as computer readable
instructions, data structures, program modules, or other data.
Examples of computer storage media include hard drives
both internal and external to a computer. RAM, ROM,
EEPROM, flash memory or other memory technology, CD-
ROM, digital versatile disks (DVD) or other optical storage,
USB chips, magnetic cassettes, magnetic tape, magnetic
disk storage or other magnetic storage devices, or any other
medium which can be used to store the desired information
and which can be accessed by an application, module, or
both. Any such computer storage media may be part of the
server, any component of or related to the network, backend,
etc., or accessible or capable of coupling thereto. Any
application or module herein described may be implemented
using computer readable/executable instructions that may be
stored or otherwise held by such computer readable media.
[0316] The representative embodiments, which have been
described in detail herein, have been presented by way of
example and not by way of limitation. It will be understood
by those skilled in the art that various changes may be made
in the form and details of the described embodiments
resulting in equivalent embodiments that remain within the
scope of the appended claims.
What is claimed is:
1. A system, comprising:
a processor, the processor configured
to receive ultrasound data from an ultrasound reflected
wave reflected from specimen features in an organic
specimen resultant from an ultrasound incident wave
transmitted into the organic specimen by an ultra-
sound transducer,
wherein positional awareness of the ultrasound inci-
dent wave relative to the organic specimen is
maintained using location of the ultrasound trans-
ducer detected by a location detection unit;
to identify each region having data obtained from
anatomic model data that satisfies one or more
selection criteria in comparison to the received ultra-
sound data,
wherein the anatomic model data correspond to at
least part of the organic specimen; and
to repeat consecutively, if the number of identified
regions is not equal to one and the number of times
the one or more selection criteria are adjusted is less
than a specified maximum number of adjustments,
removal of identified status from each identified
region,
adjustment of the one or more selection criteria in
accordance with one or more adjustment rules and
identification of each region having data obtained
from anatomic model data that satisfies the
adjusted one or more selection criteria in compari-
son to the received ultrasound data.
2. The system as recited in claim 1, the processor further
configured
to specify the one identified model region as the model
region corresponding to the propagation region of the
received ultrasound data, if the number of identified
regions is equal to one; and
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to further specify the propagation region of the received
ultrasound data and the corresponding one identified
model region as reference propagation region and ref-
erence model region respectively if the number of
identified regions is equal to one and the corresponding
propagation region and model region are to be treated
as reference regions.

3. The system as recited in claim 2,

wherein the specified identified model region and the

model region corresponding to the propagation region
of the ultrasound data are planes and

wherein, if the corresponding propagation region and

model region are to be treated as reference regions, the
reference propagation region and the reference identi-
fied model region are planes.

4. The system as recited in claim 2, the processor further
configured

to receive additional ultrasound data from an additional

ultrasound reflected wave reflected from one or more

specimen features in the organic specimen resultant

from an additional ultrasound incident wave transmit-

ted into the organic specimen in an additional propa-

gation region by the ultrasound transducer,

wherein positional awareness is maintained between
the propagation region of the previous ultrasound
incident wave and the propagation region of the
additional ultrasound incident wave using locations
of the ultrasound transducer detected by the location
detection unit.

5. The system as recited in claim 4, the processor further
configured to identify an additional model region as corre-
sponding to the additional propagation region using loca-
tions of the ultrasound transducer detected by the location
detection unit.

6. A non-transitory computer-readable medium having
computer-executable instructions for causing a computer
comprising a processor and associated memory to carry out
a method, the method comprising:

receiving ultrasound data from an ultrasound reflected

wave reflected from specimen features in an organic

specimen resultant from an ultrasound incident wave

transmitted into the organic specimen by an ultrasound

transducer,

wherein positional awareness of the ultrasound incident
wave relative to the organic specimen is maintained
using location of the ultrasound transducer detected
by a location detection unit;

identifying each region having data obtained from ana-

tomic model data that satisfies one or more selection

criteria in comparison to the received ultrasound data,

wherein the anatomic model data correspond to at least
part of the organic specimen; and

repeating consecutively, if the number of identified

regions is not equal to one and the number of times the

one or more selection criteria are adjusted is less than

a specified maximum number of adjustments,

removal of identified status from each identified region,

adjustment of the one or more selection criteria in
accordance with one or more adjustment rules and

identification of each region having data obtained from
anatomic model data that satisfies the adjusted one or
more selection criteria in comparison to the received
ultrasound data.
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7. The non-transitory computer-readable medium as
recited in claim 6, the method further comprising:

specifying the one identified model region as the model

region corresponding to the propagation region of the
received ultrasound data, if the number of identified
regions is equal to one; and

further selecting the propagation region of the received

ultrasound data and the corresponding one identified
model region as reference propagation region and ref-
erence model region respectively if the number of
identified regions is equal to one and the corresponding
propagation region and model region are to be treated
as reference regions.

8. The non-transitory computer-readable medium as
recited in claim 7,

wherein the specified identified model region and the

model region corresponding to the propagation region
of the ultrasound data are planes and

wherein, if the corresponding propagation region and

model region are to be treated as reference regions, the
reference propagation region and the identified refer-
ence model region are planes.

9. The non-transitory computer-readable medium as
recited in claim 7, the method further comprising:

receiving additional ultrasound data from an additional

ultrasound reflected wave reflected from one or more

specimen features in the organic specimen resultant

from an additional ultrasound incident wave transmit-

ted into the organic specimen in an additional propa-

gation region by the ultrasound transducer,

wherein positional awareness is maintained between
the propagation region of the previous ultrasound
incident wave and the propagation region of the
additional ultrasound incident wave using locations
of the ultrasound transducer detected by the location
detection unit.

10. The non-transitory computer-readable medium as
recited in claim 9, the method further comprising: identify-
ing an additional model region as corresponding to the
additional propagation region using locations of the ultra-
sound transducer detected by the location detection unit.

11. A method, comprising:

receiving ultrasound data from an ultrasound reflected

wave reflected from specimen features in an organic

specimen resultant from an ultrasound incident wave

transmitted into the organic specimen by an ultrasound

transducer,

wherein positional awareness of the ultrasound incident
wave relative to the organic specimen is maintained
using location of the ultrasound transducer detected
by a location detection unit;

identifying each region having data obtained from ana-

tomic model data that satisfies one or more selection

criteria in comparison to the received ultrasound data,

wherein the anatomic model data correspond to at least
part of the organic specimen; and

repeating consecutively, if the number of identified

regions is not equal to one and the number of times the
one or more selection criteria are adjusted is less than
a specified maximum number of adjustments,
removal of identified status from each identified region,
adjustment of the one or more selection criteria in
accordance with one or more adjustment rules and
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identification of each region having data obtained from
anatomic model data that satisfies the adjusted one or
more selection criteria in comparison to the received
ultrasound data.
12. The method as recited in claim 11, further comprising:
specifying the one identified model region as the model
region corresponding to the propagation region of the
received ultrasound data, if the number of identified
regions is equal to one; and
further selecting the propagation region of the received
ultrasound data and the corresponding one identified
model region as reference propagation region and ref-
erence model region respectively if the number of
identified regions is equal to one and the corresponding
propagation region and model region are to be treated
as reference regions.
13. The method as recited in claim 12,
wherein the specified identified model region and the
model region corresponding to the propagation region
of the ultrasound data are planes and
wherein, if the corresponding propagation region and
model region are to be treated as reference regions, the
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reference propagation region and the identified refer-
ence model region are planes.

14. The method as recited in claim 12, further comprising:

receiving additional ultrasound data from an additional

ultrasound reflected wave reflected from one or more

specimen features in the organic specimen resultant

from an additional ultrasound incident wave transmit-

ted into the organic specimen in an additional propa-

gation region by the ultrasound transducer,

wherein positional awareness is maintained between
the propagation region of the previous ultrasound
incident wave and the propagation region of the
additional ultrasound incident wave using locations
of the ultrasound transducer detected by the location
detection unit.

15. The method as recited in claim 14, further comprising:
identifying an additional model region as corresponding to
the additional propagation region using locations of the
ultrasound transducer detected by the location detection
unit.
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