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: /"200
RECEIVE A FIRST REAL-TIME DYNAMIC VIDEO STREAM
OF A SCENE BASED ON A FIRST MODALITY
FROM A FIRST VIDEQ SOURCE HAVING A FIRST SPATIAL STATE
¢ /—202

RECEIVE A SECOND REAL-TIME DYNAMIC VIDEQ STREAM
OF THE SCENE BASED ON A SECOND MODALITY
FROM A SECOND VIDEO SOURCE HAVING A SECOND SPATIAL STATE

Y

SPATIALLY REGISTER THE FIRST REAL-TIME DYNAMIC
VIDEO STREAM AND THE SECOND REAL-TIME DYNAMIC
VIDEQ STREAM USING THE FIRST SPATIAL STATE
AND THE SECOND SPATIAL STATE WHEREIN
THE FIRST REAL-TIME DYNAMIC VIDEO STREAM AND
THE SECOND REAL-TIME DYNAMIC VIDEC STREAM ALIGN
TO FORM A COMPOSITE REPRESENTATION OF THE SCENE

Y

'GENERATE A COMPOSITE REAL-TIME DYNAMIC VIDEQ STREAM
OF THE SCENE FROM THE COMPQSITE REPRESENTATION

Y

SEND THE COMPOSITE REAL-TIME DYNAMIC VIDEO STREAM
TO A DISPLAY FOR VIEWING

FiG. 2
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SYSTEM AND METHOD OF PROVIDING
REAL-TIME DYNAMIC IMAGERY OF A
MEDICAL PROCEDURE SITE USING
MULTIPLE MODALITIES

RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application Ser. No. 60/834,932 entitled “Spa-
tially Registered Ultrasound And Endoscopic Imagery,” filed
Aug. 2, 2006, and U.S. Provisional Patent Application Ser.
No. 60/856,670 entitled “Multiple Depth-Reconstructive
Endoscopies Combined With Other Medical imaging
Modalities, And Other Related Technological Details,” filed
on Nov. 6, 2006, the disclosures of both of which are hereby
incorporated herein by reference in their entireties.

FIELD OF THE INVENTION

[0002] The present invention is directed to a system and
method of providing composite real-time dynamic imagery
of amedical procedure site using multiple modalities. One or
more of the modalities may provide two-dimensional or
three-dimensional imagery.

BACKGROUND OF THE INVENTION

[0003] It is well established that minimally-invasive sur-
gery (MIS) techniques offer significant health benefits over
their analogous laparotomic (or “open”) counterparts.
Among these benefits are reduced trauma, rapid recovery
time, and shortened hospital stays, resulting in greatly
reduced care needs and costs. However, because of limited
visibility to certain internal organs, some surgical procedures
are at present difficult to perform using MIS. With conven-
tional technology, a surgeon operates through small incisions
using special instruments while viewing internal anatomy
and the operating field through a two-dimensional monitor.
Operating below while seeing a separate image above can
give rise to a number of problems. These include the issue of
parallax, a spatial coordination problem, and a lack of depth
perception. Thus, the surgeon bears a higher cognitive load
when employing MIS techniques than with conventional
open surgery because the surgeon has to work with a less
natural hand-Instrument-image coordination.

[0004] These problems may be exacerbated when the sur-
geon wishes to employ other modalities to view the proce-
dure. A modality may be any method and/or technique for
visually representing a scene. Such modalities, such as intra-
operative iaparoscopic ultrasound, would benefit the proce-
dure by providing complementary information regarding the
anatomy of the surgical site, and, in some cases, allowing the
surgeon to see inside of an organ before making an incision or
performing any other treatment and/or procedure. But
employing more than one modality is often prohibitively
difficult to use. This is particularly the case when the modali-
ties are video streams displayed separately on separate moni-
tors. Even iF the different modalities are presented in a pic-
ture-in-picture or side-by-side arrangement on the same
monitor, it would not be obvious to the surgeon, or any other
viewer, how the anatomical features in each video stream
correspond. This is so because, the spatial relationship
between the areas of interest at the surgical site, for example,
surface, tissue, organs, and/or other objects imaged by the
different modalities, are not aligned to the same view perspec-
tives. As such, the same areas of interest may be positioned
and oriented differently between the different modalities.
This is a particular problem for modalities like ultrasound,
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wherein anatomical features do not obviously correspond to
the same feature in optical (or white-light) video.

[0005] The problems may be further exacerbated in that the
surgical site is not static but dynamic, continually changing
during the surgery. For example, in laparoscopic surgery, the
organs in the abdomen continually move and reshape as the
surgeon explores, cuts, stitches, removes and otherwise
manipulates organs and tissues inside the body cavity. Even
the amount of gas inside the body cavity (used to make space
for the surgical instruments) changes during the surgery, and
this affects the shape or position of everything within the
surgical site. Therefore, if the views from the modalities are
not continuous and immediate, they may not accurately and
effectively depict the current state and/or conditions of the
surgical site.

[0006] While there is current medical imaging technology
that superimposes a video stream using one modality on an
image dataset from another modality, the image dataset is
static and, therefore, not continuous or immediate. As such,
the image dataset, must be periodically updated based on the
position of the subject, for example the patient, and/or ana-
tomical or other features and/or landmarks. Periodically
updating and/or modifying the image dataset may introduce
undue latency in the system, which may be unacceptable from
a medical procedure standpoint. The undue latency may
cause the image being viewed on the display by the surgeon to
be continually obsolete. Additionally, relying on the positions
of the subject, and/or anatomical or other features and/or
landmarks to update and/or modify the image being viewed,
may cause the images from the different modalities to not
only be obsolete but, also, non-synchronous when viewed.
[0007] Accordingly, there currently is no medical imaging
technology directed to providing composite real-time
dynamic imagery from multiple modalities using two or more
video streams, wherein each video stream from each modality
may provide a real-time view of the medical procedure site to
provide a continuous and immediate view of the current state
and condition of the medical procedure site. Also, there cur-
rently is no medical imaging technology directed to providing
composite imagery from multiple modalities using two or
more video streams, wherein each video stream may be
dynamic in that each may be synchronized to the other, and
not separately to the position of the subject, and/or anatomical
or other features and/or landmarks. As such, there is currently
no medical imaging technology that provides composite real-
lime, dynamic imagery of the medical procedure site from
multiple modalities.

[0008] Therefore, there is a need for a system and method
of providing composite real-time dynamic imagery of a medi-
cal procedure site from multiple medical modalities, which
continuously and immediately depicts the current state and
condition of the medical procedure site and does so synchro-
nously with respect to each of the modalities and without
undue latency.

SUMMARY OF THE INVENTION

[0009] The present invention is directed to a system and
method of providing composite real-time dynamic imagery
of a medical procedure site from multiple modalities which
continuously and immediately depicts the current state and
condition of the medical procedure site synchronously with
respect to each modality and without undue latency. The
composite real-time dynamic imagery may be provided by
spatially registering multiple real-time dynamic video
streams from the multiple modalities to each other. Spatially
registering the multiple real-time dynamic video streams to
each other may provide a continuous and immediate depic-
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tion of the medical procedure site with an unobstructed and
detailed view of a region of interest at the medical procedure
site. As such, a surgeon, or other medical practitioner, may
view a single, accurate, and current composite real-time
dynamic imagery of a region of interest at the medical pro-
cedure site as he/she performs a medical procedure, and
thereby, may properly and effectively implement the medical
procedure.

[0010] Inthisregard, a first real-time dynamic video stream
ofascenebased on a first modality may be received. A second
real-time dynamic video stream of the scene based on a sec-
ond modality may also be received. The scene may comprise
tissues, bones, instruments, and/or other surfaces or objects at
a medical procedure site and at multiple depths. The first
real-time dynamic video stream and the second real-time
dynamic video stream may be spatially registered to each
other. Spatially registering the first real-time dynamic video
stream and the second real-time dynamic video stream to
each other may form a composite representation of the scene.
A composite real-time dynamic video stream of the scene
may be generated from the composite representation. The
composite real-time dynamic video stream may provide a
continuous and Immediate depiction of the medical proce-
dure site with an unobstructed and detailed view at multiple
depths of a region of interest at the medical procedure site.
The composite real-time dynamic video stream may be sent
to a display.

[0011] Thefirst real-time dynamic video stream may depict
the scene from a perspective based on a first spatial state of a
first video source. Also, the second real-time dynamic video
stream may depict the scene from a perspective based on a
second spatial state of a second video source. The first spatial
state may comprise a displacement and an orientation of the
first video source, while the second spatial state may com-
prise a displacement and an orientation of the second video
source. The first spatial state and the second spatial state may
be used to synchronously align a frame of the second real-
time dynamic video stream depicting a current perspective of
the scene with a frame of the first real-time dynamic video
stream depicting a current perspective of the scene. In this
manner; the displacement and orientation of the first video
source and the displacement and orientation of the second
video source may be used to accurately depict the displace-
ment and orientation of the surfaces and objects in the scene
from both of the current perspectives in the composite repre-
sentation.

[0012] The first modality may be two-dimensional or three-
dimensional. Additionally, the first modality may comprise
endoscopy, and may be selected from a group comprising
laparoscopy, hysteroscopy, thoroscopy, arthoscopy, colonos-
copy, bronchoscopy, cystoscopy, proctosigmoidoscopy,
esophagogastroduodenoscopy, and colposcopy. The second
modality may be two-dimensional or three dimensional.
Additionally, the second modality may comprise one or more
modalities selected from a group comprising medical ultra-
sonography, magnetic resonance, x-ray imaging, computed
tomography, and optical wavefront imaging. As such, a plu-
rality, comprising any number, of video sources, modalities,
and real-time dynamic video streams is encompassed by the
present invention.

[0013] Those skilled in the art will appreciate the scope of
the present invention and realize additional aspects thereat
after reacting the following detailed description of the pre-
ferred embodiments in association with the accompanying
drawing figures.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

[0014] The accompanying drawing figures incorporated in
and forming a part of this specification illustrate several
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aspects of the invention, and together with the description
serve to explain the principles of the invention.

[0015] FIG. 1is a schematic diagram Illustrating an exem-
plary real-time dynamic imaging system, wherein a first real-
time, dynamic video stream of a scene may be received from
a first video source, and a second real-time dynamic video
stream of the scene may be received from a second video
source, and wherein the first real-time dynamic video stream
and the second real-time dynamic video stream may be spa-
tially registered to each other, according to an embodiment of
the present invention;

[0016] FIG. 2is a flow chart illustrating a process for gen-
erating a composite real-time dynamic video stream of the
scene by spatially registering the first real-time dynamic
video stream and the second real-time dynamic video stream
according to an embodiment of the present invention;
[0017] FIGS.3A, 3B, and 3C are graphical representations
of the spatial registering of a frame of the first real-time
dynamic video stream and a frame of the second real-time
dynamic video stream to form a composite representation of
the scene, according to an embodiment of the present inven-
tion;

[0018] FIGS. 4A and 4B illustrate exemplary arrange-
ments, which may be used to determine the spatial relation-
ship between the first video source and the second video
source using the first spatial state and the second spatial state,
according to an embodiment of the present invention;
[0019] FIG. 5 is a schematic diagram illustrating an exem-
plary real-time dynamic imaging system at a medical proce-
dure site, wherein the first video source and the second video
source are co-located, and wherein the first video source may
comprise an endoscope, and wherein the second video source
may comprise an ultrasound transducer, according to an
embodiment of the present invention;

[0020] FIG. 6 is a schematic diagram illustrating an exem-
plary real-lime dynamic imaging system at a medical proce-
dure site wherein the first video source and the second video
source are separately located and wherein an Infrared detec-
tion system to determine the first spatial state and the second
spatial state may be included, according to an embodiment of
the present invention;

[0021] FIGS.7A, 7B, and 7C are photographic representa-
tions of a frame from a laparoscopy-based real-time dynamic
video stream, a frame of a two-dimensional medical ultra-
sonography-based real-time dynamic video stream, and a
frame of a composite real-time dynamic video stream result-
ing from spatially registering the laparoscopy-based real-
time dynamic video stream and the two-dimensional medical
ultrasonography-based real-time dynamic video stream,
according to an embodiment of the present invention; and
[0022] FIG. 8illustrates a diagrammatic representation of a
controller in the exemplary form of a computer system
adapted to execute instructions from a computer-readable
medium 10 perform the functions for spatially registering the
first real-time dynamic video stream and the second real-time
dynamic video stream for generating the composite real-time
dynamic video stream according to an embodiment of the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0023] The embodiments set forth below represent the nec-
essary information to enable those skilled in the art to practice
the invention and illustrate the best mode of practicing the
invention. Upon reading the following description in tight of
the accompanying drawing figures, those skilled in the art
will understand the concepts of the invention and will recog-
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nize applications of these concepts not particularly addressed
herein. It should be understood that these concepts and appli-
cations fail within the scope of the disclosure and the accom-
panying claims.

[0024] The present invention is directed to a system and
method of providing composite real-time, dynamic imagery
of a medical procedure site from multiple modalities which
continuously and immediately depicts the current state and
condition of the medical procedure site synchronously with
respect to each modality and without undue latency. The
composite real-time dynamic imagery may be provided by
spatially registering multiple real-time dynamic video
streams from the multiple modalities to each other. Spatially
registering the multiple real-time dynamic video streams to
each other may provide a continuous and immediate depic-
tion of the medical procedure site with an unobstructed and
detailed view of a region of interest at the medical procedure
site. As such, a surgeon, or other medical practitioner, may
view a single, accurate, and current composite real-time
dynamic imagery of a region of interest at the medical pro-
cedure she as he/she performs a medical procedure, and
thereby, may properly and effectively implement the medical
procedure.

[0025] Inthis regard, a first real-time dynamic video stream
ofascenebased on a first modality may be received. A second
real-time dynamic video stream of the scene based on a sec-
ond modality may also be received. The scene may comprise
tissues, bones, instruments, and/or other surfaces or objects at
a medical procedure site and at multiple depths. The first
real-time dynamic video stream and the second real-time
dynamic video stream may be spatially registered to each
other. Spatially registering the first real-time dynamic video
stream and the second real-time dynamic video stream to
each other may form a composite representation of the scene.
A composite real-time dynamic video stream of the scene
may be generated from the composite representation. The
composite real-time dynamic video stream may provide a
continuous and immediate depiction of the medical proce-
dure site with an unobstructed and detailed view at multiple
depths of a region of interest at the medical procedure site.
The composite real-time dynamic video stream may be sent
to a display.

[0026] The first real-time dynamic video stream may depict
the scene from a perspective based on a first spatial state of a
first video source. Also, the second real-time dynamic video-
stream may depict the scene from a perspective based on a
second spatial state of a second video source. The first spatial
state may comprise a displacement and an orientation of the
first video source, while the second spatial state may com-
prise a displacement and an orientation of the second video
source. The last spatial state and the second spatial state may
be used to synchronously align a frame of the second real-
time dynamic video stream depicting a current perspective of
the scene with a frame of the first real-time dynamic video
stream depicting a current perspective of the scene. In this
manner, the displacement and orientation of the first video
source and the displacement and orientation of the second
video source may be used to accurately depict the displace-
ment and orientation of the surfaces and objects from both of
the current perspectives in the composite representation.

[0027] The first modality may be two-dimensional or three-
dimensional. Additionally, the first modality may comprise
endoscopy, and may be selected from a group comprising
laparoscopy, hysteroscopy, thoroscopy, arthoscopy, colonos-
copy, bronohoscopy, cystoscopy, proctosigmoidoscopy,
esophagogastroduodenoscopy, and colposcopy. The second
modality may be two-dimensional or three dimensional.

Aug. 5,2010

Additionally, the second modality may comprise one or more
modalities selected from a group comprising medical ultra-
sonography, magnetic resonance, x-ray imaging, computed
tomography, and optical wavefront imaging. As such, a plu-
rality, comprising any number, of video sources, modalities,
and real-time dynamic video streams is encompassed by
embodiments of the present invention. Therefore, the first
imaging modality may comprise a plurality of first imaging
modalities and the second imaging modality may comprise a
plurality of second imaging modalities.

[0028] FIG. 1 illustrates a schematic diagram of an exem-
plary real-time dynamic imagery system 10 for generating a
composite real-lime dynamic video stream of a scene from a
first real-time dynamic video stream based on a first modality
and a second real-time dynamic video stream based on a
second modality, according to an embodiment of the present
invention. FIG. 2 is a flow chart illustrating a process for
generating the composite real-time dynamic video stream of
a scene in the system 10 according to an embodiment of the
present invention. Using a first real-time dynamic video
stream based on a first modality and a second real-time
dynamic video stream leased on a second modality to gener-
ate a composite real-time dynamic video stream may provide
acontinuous and immediate depiction of the current state and
condition of the scene, and at multiple depths and with unob-
structed depiction of details of the scene at those depths. For
purposes of the embodiment of the present invention, imme-
diate may be understood to be 500 milliseconds or less.
[0029] Accordingly, as the scene changes the first real-time
dynamic video stream and the second real-time dynamic
video stream may also change, and, as such, the composite
real-time dynamic video stream may also change. As such,
the composite real-time dynamic video stream may be imme-
diate in that when viewed on a display, the composite real-
time dynamic video stream may continuously depict the
actual current state and/or condition of the scene and, there-
fore, may be suitable for medical procedure sites, including,
but not limited to, surgical sites. By viewing a single, accu-
rate, and current image of the region of interest, the surgeon,
or the other medical practitioner, may properly and effec-
tively implement the medical procedure while viewing the
composite real-time dynamic imagery.

[0030] Inthis regard, the system 10 of FIG. 1 may include
a controller 12 which may comprise a spatial register 14 and
acomposite video stream generator 16. The controller 12 may
be communicably coupled, to adisplay 18, a first video source
20, and a second video source 22. The first video source 20
and the second video source 22 may comprise an instrument
through which an image of the scene may be captured and/or
detected. Accordingly, the first video source 20 and the sec-
ond video source 22 capture and/or detect images of the scene
from their particular perspectives. The first video source 20
may have a first spatial state and the second video source 22
may have a second spatial state. In this manner, the first
spatial state may relate to the perspective in which the image
is captured and/or detected by the first video source 20, and
the second spatial state may relate to the perspective in which
the image is captured and/or detected by the second video
source 22.

[0031] The first spatial state may be represented as [F,, 4],
and the second spatial state may be represented as [S, ,|. In
FIG. 1, “pp” may refer to three-dimensional displacement
representing X, y, z positions, and “¢” may refer to three-
dimensional orientation representing roll, pitch, and yaw,
with respect to both the first video source 20 and the second
video source 22, as the case may be. By employing [F, ,] and
[S,.4], the perspective of the first video source 20 viewing the
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scene and the perspective of the second video source 22
viewing the scene may be related to the three-dimensional
displacement “p” and the three-dimensional orientation “¢”
of the first video source 20 and the second video source 22,
respectively.

[0032] Accordingly, the first video source 20 and the sec-
ond video source 22 capture and/or detect images of the scene
from their particular perspectives. The scene may comprise a
structure 24, which may be an organ within a person’s body,
and a region of interest 26 within the structure 24. The region
of interest 25 may comprise a mass, lesion, growth, blood
vessel, and/or any other condition and/or any detail within the
structure 24. The region of interest 26 may or may not be
detectable using visible light. In other words, the region of
interest 26 may not be visible to the human eye.

[0033] The first video source 20 produces the first real-time
dynamic video stream of the scene, and the second video
source produces the second real-time dynamic video stream
of the scene. The first real-time dynamic video stream of the
scene may be a two-dimensional or three-dimensional video
stream. Similarly, the second real-time dynamic video Stream
of the scene may be a two-dimensional or three-dimensional
video stream.

[0034] FIG. 2 illustrates the process for generating a com-
posite real-time dynamic video stream of the scene that may
be based on the first real-time dynamic video stream and the
second real-time dynamic video stream according to an
embodiment of the present invention. The controller 12 may
receive the first real-time dynamic video stream of a scene
based on a first modality from a first video source having a
first spatial state (step 200). The first modality may for
example comprise two-dimensional or three-dimensional
endoscopy. Additionally, the first modality may be any type of
endoscopy such as laparoscopy, hysteroscopy, thoroscopy,
arthoscopy, colonoscopy, bronchoscopy, cystoscopy, proc-
tosigmoidoscopy, esophagogastroduodenoscopy, and col-
poscopy. The controller 12 also may receive the second real-
time dynamic video stream of the scene based on a second
medical modality from a second video source having a second
spatial state (step 202). The second modality may comprise
one or more of two-dimensional or three-dimensional medi-
cal ultrasonography, magnetic resonance imaging, X-ray
imaging, computed tomography, and optical wavefront imag-
ing. Accordingly, the present invention is not limited to only
two video sources using two modalities to produce only two
real-time dynamic video streams. As such, a plurality, com-
prising any number, of video sources, modalities, and real-
time dynamic video streams is encompassed by the present
invention.

[0035] The controller 12 using the spatial register 14 may
then spatially register the first real-time dynamic video
stream and the second real-time dynamic video stream using
the first spatial state and the second spatial state to align the
first real-time dynamic video stream and the second real-time
dynamic video stream to form a real-time dynamic composite
representation of the scene (step 204). The controller 12 using
the composite video stream generator 16 may generate a
composite real-time dynamic video stream of the scene from
the composite representation (step 206). The controller 12
may then send the composite real-time dynamic video stream
to a display 18.

[0036] Please note that for purposes of discussing the
embodiments of the present invention, it should be under-
stood that the first video source 20 and the second video
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source 22 may comprise an instrument through which an
image of the scene may be captured and/or detected. In
embodiments of the present invention in which an imaging
device such as a camera, for example, may be fixably attached
to the instrument, the first video source 20 and the second
video source 22 may be understood to comprise the imaging
device in combination with the instrument. In embodiments
of'the present invention in which the imaging device may not
be fixably attached to the instrument and, therefore, may be
located remotely from the instrument, the first video source
20 and the second video source 22 may be understood to
comprise the instrument and not the imaging device.

[0037] Spatially registering the first real-time dynamic
video stream and the second real-time dynamic video stream
may result in a composite real-time dynamic video stream
that depicts the scene from merged Perspectives of the first
video source 20 and the second video source 22. FIGS. 3A,
3B, and 3C illustrate graphical representations depicting
exemplary perspective views from the first video source 20
and the second video source 22, and a sequence which may
result in the merged perspectives of the first real-time
dynamic video stream and the second real-time dynamic
video stream, according to an embodiment of the present
invention. FIGS. 3A, 3B, and 3C provide a graphical context
for the discussion of the computation involving forming the
composite representation, which results from the spatial reg-
istration of the first real-time dynamic video stream and the
second real-time dynamic video stream.

[0038] FIG. 3A may represent the perspective view of the
first video source 20, shown as first frame 28. FIG. 35 may
represent the perspective view of the second video source 22,
shown as second frame 30. FIG. 3C shows the second frame
30 spatially registered with the first frame 28 which may
represent a merged perspective and, accordingly, a composite
representation 32, according to an embodiment of the present
invention. The composite real-time dynamic video stream
may be generated from the composite representation 32.
Accordingly, the composite representation may provide the
merged perspective of the frame of the scene depicted by the
Composite real-time dynamic video stream.

[0039] The first frame 28 may show the perspective view of
the first video source 20 which may use a first medical modal-
ity, for example endoscopy. The first frame 28 may depict the
outside of the structure 24. The perspective view of the struc-
ture 24 may fill the first frame 28. In other words, the edges of
the perspective view of the structure 24 may be co-extensive
and/or align with the corners and sides of the first frame 28.
The second frame 30 may show the perspective view of the
second video source 22 which may be detected using a second
medical modality, for example medical ultrasonography. The
second frame 30 may depict the region of interest 26 within
the structure 24. As with the perspective view of the structure
in the first frame 28, the perspective view of the region of
interest 26 may till the second frame 30. The edges of the
region of interest 26 may be co-extensive and/or align with
the sides of the second frame 30.

[0040] Because the perspective view of the structure 24
may fill the first frame 28, and the perspective view of the
region of interest 26 may fill the second frame 30, combining
the first frame 28 as provided by the first video source 20 with
the second frame 30 as provided by the second video source
22 may not provide a view that accurately depicts the dis-
placement and orientation of the region of interest 26 within
the structure 24. Therefore, the first frame 28 and the second
frame 30 may be synchronized such that the composite rep-
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resentation 32 accurately depicts the actual displacement and
orientation of the region of interest 26 within the structure 24.
The first frame 28 and the second frame 30 may be synchro-
nized by determining the spatial relationship between the first
video source 20 and the second video source 22 based on the
first spatial state and the second spatial state. Accordingly, if
the first spatial state and/or the second spatial state change,
the first frame 28 and/or the second frame 30 may be syn-
chronized based on the changed first spatial state and/or
changed the second spatial state. In FIG. 3C, the first frame 28
and the second frame 30 may be synchronized by adjusting
the second frame 30 to be co-extensive and/or aligned with
the corners and the sides of the first frame 28. The spatial
relationship may then be used to spatially register the second
frame 30 with the first frame 28 to form the composite rep-
resentation 32. The composite representation 32 may then
depict the actual displacement and orientation of the region of
interest 26 within the structure 24 synchronously with respect
to the first real-time dynamic video stream and the second
real-time video stream.

[0041] Spatially registering the first real-time dynamic
video stream and the second real-time dynamic video stream
may be performed using calculations involving the first spa-
tial state of the first video source 20, and the second spatial
state of the second video source 22. The first spatial state and
the second spatial state each comprise six degrees of freedom.
The six degrees of freedom may comprise a displacement
representing X, y, z positions which is collectively referred to
herein as “p,” and orientation representing roll, pitch, and yaw
which is collectively referred to herein as “¢.” Accordingly,
the first spatial state may be represented as [F, ], and the
second spatial state may be represented as [S, ,|. The first
special state and the second spatial state may be used to
determine the spatial relationship between the first video
source 20 and the second video source 22, which may be
represented as [C, o]

[0042] The first spatial state [F, ,] may be considered to be
a transformation between the coordinate system of the first
video source 20 and some global coordinate system G, and
the second spatial state [S, ,] may be considered to be a
transformation between the coordinate system of the second
video source 22 and the same global coordinate system G.
The spatial relationship [C,, ,], then, may be considered as a
transformation from the coordinate system of the second
video source 22, to the coordinate system of the first video
source 20.

[0043] Astransforms, [C, ], [F, 4], and [S, ,] may each be
represented in one of three equivalent forms:

[0044] 1) Three-dimensional displacement “p” as [tx, ty,
tz] and three-dimensional orientation “¢” as [roll, pitch,
yaw]; or

[0045] 2) Three-dimensional displacement “p” as [tx, ty,
tz] and three-dimensional orientation “¢” as a unit
quaternion [gx, qy, 9z, qW]; or

[0046] 3) A 4-by-4 (16 element) matrix.

[0047] Form 1 has the advantage of being easiest to use,
Form 2 has the advantage of being subject to less round-off
error during computations, for example it avoids gimbal lock,
a mathematical degeneracy problem. Form 3 is amendable to
modern computer-graphics hardware, which has dedicated
machinery for composing, transmitting, and computing
4-by-4 matrices.

[0048] In some embodiments, where the first video source
20 and second video source 22 do not move with respect to
each other, the spatial relationship [C, 4] between the first
video source 20 and the second video source 22 is constant
and may be measured directly. Alternatively, if embodiments
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where the first video source 20 and the second video source 22
move relative to each other, the spatial relationship between
the first video source 20 and the second video source 22 may
be continually measured by a position detecting system. The
position detecting system may measure an output [C, ]
directly, or it may measure and report the first spatial state
[, o], the second spatial state [S, ,]. In the latter case, [C,, 4]
can be computed as [C,, ,] and [C,, ,] as follows:

[Co o/ =[Foud *[Sp.s]” ! (Indirect computation).

The three-dimensional position of the corner points at the
second frame 30, relative to the center of the second frame 30,
are constants which may be Included in the specification
sheets of the second video source 22. There are four (4) such
points if the second video source 22 is two-dimensional, and
eight (8) such points if the second video source 22 is three-
dimensional. For each such corner point, three-dimensional
position relative to the first video source 20 may be computed
using the formula:

€= [Cp 4]

where c, is the second frame 30 corner point relative to the
second video source 22, and c, is the second frame 30 corner
point relative to first video source 20.

[0049] TIfeither the first video source 20 or the second video
source 22 comprise a video camera, then the field-of-view of
the video camera, and the frame, may be given by the manu-
facturer. The two-dimensional coordinates of the corner
points (s,, s,) of the second frame 30 in the first frame 26 may
be computed as follows:

csp = (Cs# [P]),

where
cos(f) 0 00
0 cos| 00
P (f) ,
0 0 00
0 0 10

and f=the field of view of the first video source 20.

c,, is a four (4) element homogenous coordinate consisting of
[Xesps Yesps Zesps Nogpl- The two-dimensional coordinates are
finally computed as:

Sx=Xegp/Mesps and

Sy Vesp/Mesp

[0050] By knowing s, and s,, for all the corners of the
second frame 30 relative to the first frame 28 standard com-
positing hardware may be used to overlay and, thereby, spa-
tially registering the first real-time dynamic video stream and
the second real-time dynamic video stream to generate the
composite real-time dynamic video stream. As such the spa-
tial registration of the first real-time dynamic video stream
and the second real-time dynamic video stream may be per-
formed using information other than an anatomical charac-
teristic and/or a position of the subject (i.e. a person’s body),
the world, or some other reference coordinate system.
Accordingly, the composite real-time dynamic video stream
may be generated independently of the position or condition
of the subject, the location and/or existence of anatomical
features and/or landmarks, and/or the condition or state of the
medical procedure site.
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[0051] The determination whether to directly or indirectly
compute the spatial relationship between the first video
source 20 and the second video source 22 may depend on an
arrangement of components of the system, and a method used
to establish the first spatial state of the first video source 20
and the second spatial state of the second video source 22.
[0052] FIGS. 4A and 48 are schematic diagrams illustrat-
ing alternative exemplary arrangements of components in
which the direct computation or the indirect computation for
determining the spatial relationship between the first video
source 20 and the second video source 22 may be used.
[0053] FIG. 4A illustrates an exemplary arrangement in
which the direct computation of the spatial relationship
between the first video source 20 and the second video source
22 may be used, according to an embodiment of the present
invention. An articulated mechanical arm 34 may connect the
first video source 20 and the second video source 22. The
mechanical arm 34 may be part of and/or extend to an instru-
ment or other structure, which supports and/or allows the use
of the mechanical arm 34, and thereby the first video source
20 and the second video source 22. The mechanical arm 34
may provide a rigid connection between the first video source
20 and the second video source 22. In such a case, because the
mechanical arm may be rigid, the first spatial state of the first
video source 20 and the second spatial state of the second
video source 22 may be fixed.

[0054] Accordingly, because the first spatial state and the
second spatial state may be fixed, the first spatial state and the
second spatial state may be programmed or recorded in the
controller 12. The controller 12 may then directly compute
the spatial relationship between the first video source 20 and
the second video source 22 and, therefrom, the composite
representation 32. As discussed above, the composite repre-
sentation 32 represents the spatial registration of the first
real-time dynamic video stream and the second real-time
dynamic video stream. The controller 12 may then generate
the composite real-time dynamic video stream from the com-
posite representation 32.

[0055] Alternatively, the mechanical arm 34 may comprise
joints 34 A, 34B, 34C connecting rigid portions or links 34D,
34F of the mechanical arm 34. The joints 34A, 34B, 34C may
include rotary encoders for measuring and encoding the angle
of each of the joints 34A, 34B, 34C. By measuring the angle
of the joints 34A, 34B, 34C and knowing the length of the
links 34D, 34E, the first spatial state [C,,] of the second
video source 22, relative to that of the first video source 20
may be determined. The controller 12 may receive [C,, ,] and,
therefrom, compute the composite representation 32. As dis-
cussed above, the composite representation 32 represents the
spatial registration of the first real-time dynamic video stream
and the second real-time dynamic video stream. The control-
ler 12 may generate the composite real-time dynamic video
stream from the composite representation. The mechanical
arm 34 may be a Faro-arm™ mechanical arms or any similar
component that provides the functionality described above.
[0056] FIG. 4B illustrates an exemplary arrangement
where the indirect computation of the spatial relationship
between the first video source 20 and the second video source
22 may be used, according to an embodiment of the present
invention. In FIG. 49, an intermediary in the form of a posi-
tions detecting system comprising a first transmitter 36, a
second transmitter 38, and an infrared detection system 40 are
shown. The first transmitter 36 and the second transmitter 38
may be in the form of LED’s. The Infrared detection system
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40 may comprise one or more infrared detectors 40A, 40B,
40C. The infrared detectors 40A, 40B, 40C may be located or
positioned to be in lines-of-sight of the first transmitter 36 and
the second transmitter 38. The lines-of-sight are shown in
FIG. 4B by lines emanating from the first transmitter 36 and
the second transmitter 38.

[0057] Theinfrared detection system 40 may determine the
first spatial state of the first video source 20 and the second
spatial state of the second video source 22 by detecting the
light emitted from the first transmitter 36 and the second
transmitter 38, respectively. The infrared detection system 40
may also determine the intermediary reference related to the
position of the infrared detection system 40. The infrared
detection system 40 may then send the first spatial state of the
first video source 20, represented as [F,, ], and the second
spatial state of the second video source 22, represented as
[Sp4); to the controller 12. The controller 12 may receive the
first spatial state and the second spatial state, and may com-
pute the spatial relationship [C,, 4] between the first video
source 20 and the second video source 22 using the indirect
computation and, therefrom, the composite representation
32. As discussed above, the composite representation 32 rep-
resents the spatial registration of the first real-time dynamic
video stream and the second real-time dynamic video stream.
The controller 12 may then generate the composite real-time
dynamic video stream from the composite representation 32.
[0058] The Infrared detection system 40 may be any type of
optoelectronic system for example the Northern Digital
instrument Optotrak™. Alternatively, other position detect-
ing systems may be used such as magnetic, GPS+compass,
inertial, acoustic, or any other equipment for measuring spa-
tial relationship, or relative or absolute displacement and
orientation.

[0059] FIGS. 5 and 6 are schematic diagrams illustrating
exemplary systems in which the exemplary arrangements
discussed with respect to FIGS. 4A and 4B may be imple-
mented in medical imaging systems based on the system 10
shown in FIG. 1, according to an embodiment of the present
invention. FIGS. 5 and 6 each illustrate systems for generat-
ing composite real-time dynamic video streams using medi-
cal modalities comprising ultrasonography and endoscopy.
Accordingly, FIGS. 5 and 6 comprise additional components
and detail than which are shown in system 10 to discuss the
present invention with respect to ultrasonography and endo-
scopy. However, it should be understood that the present
invention is not limited to any particular modality, including
any particular medical modality.

[0060] FIG. 5 is a schematic diagram illustrating a system
10' comprising an endoscope 42 and an ultrasound transducer
44 combined in a compound minimally-invasive instrument
48, according to an embodiment of the present invention.
FIG. 5 is provided to illustrate an exemplary system in which
the direct computation of the spatial relationship between the
first video source 20 and the second video source 22 may be
used. The compound minimally-invasive instrument 45 may
be used to provide images of the scene based on multiple
medical modalities using a single minimally-invasive instru-
ment.

[0061] The compound minimally-invasive instrument 48
may penetrate into the body 46 of the subject, for example the
patient, to align with the structure 24 and the region of interest
26 within the structure 24. In this embodiment, the structure
24 may be an organ within the body 46, and the region of
interest 26 may be a growth or lesion within the structure 24.
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A surgeon may use the compound minimally-invasive instru-
ment 48 to provide both an endoscopic and ultrasonogramic
composite view to accurately target the region of interest 26
for any particular treatment and/or procedure.

[0062] The endoscope 42 may be connected, either opti-
cally or in some other communicable manner to a first video
camera 50. Accordingly, the first video source 20 may be
understood to comprise the endoscope 42 and the first video
camera 50. The first video camera 50 may capture an image of
the structure 24 through the endoscope 42. From the image
captured by the first video camera 50, the first video camera
50 may produce a first real-lime dynamic video stream of the
image and send the first real-lime dynamic video stream to the
controller 12.

[0063] The ultrasound transducer 44 may be communica-
bly connected to a second video camera 52. Accordingly, the
second video source 22 may be understood to comprise the
ultrasound transducer 44 and the second video camera 52.
The ultrasound transducer 44 may detect an image of the
region of interest 26 within the structure 24 and communicate
the image detected to the second video camera 52. The second
video camera 52 may produce a second real-time dynamic
video stream representing the image detected by the ultra-
sound transducer 44, and then send the second real-time
dynamic video stream to the controller 12.

[0064] Because the compound minimally-invasive instru-
ment 48 comprises both the endoscope 42 and the ultrasound
transducer 44, the first spatial state and the second spatial
state may be fixed with respect to each other, and, accord-
ingly, the spatial relationship of the first video source 20 and
the second video source 22 may be determined by the direct
computation discussed above with reference to FIG. 4A. This
may be so even if the first video camera 50 and the second
video camera 52, as shown in FIG. 5, are located remotely
from the compound minimally-invasive instrument 48. In
other words, the first video camera 50 and the second video
camera 52 may not be included within the compound mini-
mally-invasive instrument 48. As discussed above, the first
spatial state and the second spatial state may be determined
relative to a particular perspective of the image of the scene
that is captured and/or detected. As such the first spatial state
may be based on the position and displacement of the endo-
scope 42, while the second spatial state may be based on the
displacement and position of the ultrasound transducer 44.

[0065] The first spatial state and the second spatial state
may be received by the controller 12. The controller 12 may
then determine the spatial relationship between the first video
source 20, and the second video source 22 using the direct
computation discussed above. Using the spatial relationship,
the first real-time dynamic video stream and the second real-
lime dynamic video stream may be spatially registered to
generate the composite representation 32. The composite
real-time dynamic video stream may be generated from the
composite representation 32. The controller 12 may then send
the composite real-time dynamic video stream to the display
18.

[0066] FIG. 6 is a schematic diagram illustrating a system
10" comprising a separate endoscope 42 and an ultrasound
transducer 44, according to an embodiment of the present
invention; in this embodiment, the endoscope 42 comprises a
laparoscope, and the ultrasound transducer 44 comprises a
laparoscopic ultrasound transducer. FIG. 6 is provided to
illustrate an exemplary system in which the direct computa-
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tion of the spatial relationship between the first video source
20 and the second video source 22 may be used.

[0067] Accordingly, in FIG. 6, instead of one minimally-
invasive instrument penetrating the body 46, two minimally-
invasive instruments are used. The endoscope 42 may align
with the structure 24. The ultrasound transducer 44 may
extend further into the body 46 and may contact the structure
24 at a point proximal to the region of interest 26. In a similar
manner to the system 10', the structure 24 may be an organ
within the body 46, and the region of interest 26 may be a
blood vessel, growth, or lesion within the structure 24. A
surgeon may use the endoscope 42 and the ultrasound trans-
ducer 44 to provide a composite view of the structure 24 and
the region of interest 2610 accurately target the region of
interest 26 point on the structure 24 for any particular treat-
ment and/or procedure.

[0068] To provide one of the images of the composite view
for the surgeon, the endoscope 42 may be connected, either
optically or in some other communicable manner, to a first
video camera 50. Accordingly, the first video source 20 may
be understood to comprise the endoscope 42 and the first
video camera 50. The first video camera 50 may capture an
image of the structure 24 through the endoscope 42. From the
image captured by the first video camera 50, the first video
camera 50 may produce a first real-time dynamic video
stream of the image and send the first real-time dynamic video
stream to the controller 12.

[0069] Additionally, to provide another image of the com-
posite view for the surgeon, the ultrasound transducer 44 may
be communicably connected to a second video camera 52.
Accordingly, the second video source 22 may be understood
to comprise the ultrasound transducer 44 and the second
video camera 52. The ultrasound transducer 44 may detect an
image of the region of interest 28 within the structure 24 and
communicate the image detected to the second video camera
52. The second video camera 52 may produce a second real-
time dynamic video stream representing the image detected
by the ultrasound transducer 44 and then send the second
real-time dynamic video stream to the controller 12.

[0070] Because the endoscope 42 and the ultrasound trans-
ducer 44 are separate, the first spatial state of the first video
source 20 and the second spatial state of the second video
source 22 may be determined using the indirect computation
discussed above with reference to FIG. 4B. As discussed
above, the indirect computation involves the use of an inter-
mediary, such as a positional system. Accordingly, in system
10", an intermediary comprising a first transmitter 36, a sec-
ond transmitter 38 and an infrared detection system 40 may be
included. The first transmitter 36 may be located in associa-
tion with the endoscope 42, and the second transmitter 38
may be located in association with the ultrasound transducer
44. Associating the first transmitter 36 with the endoscope 42
and the second transmitter 38 with the ultrasound transducer
44 may allow the first video camera 50 to be located remotely
from the endoscope 42, and/or the second video camera 52 to
be located remotely from the ultrasound transducer 44.
[0071] As discussed above with respect to the system 10",
the first spatial state and the second spatial state may be
determined with respect to the particular perspectives of the
image of the scene that may be captured and/or detected by
the first video source 20 and the second video source 22,
respectively. As such the first spatial state may be used on the
orientation and displacement of the endoscope 42, while the
second spatial state may be based on the displacement and
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orientation of the ultrasound transducer 44. Additionally, in
system 10' of FIG. 5, the endoscope 42 and the ultrasound
transducer 44 are shown in a co-located arrangement in the
compound minimally-invasive instrument 48. As such, the
first spatial state of the first video source 20 and the second
spatial state of the of the second video source 22 in addition to
being fixed may also be very close relationally, Conversely, in
the system 10", the orientation and displacement of the endo-
scope 42 and the ultrasound transducer 44 may be markedly
different as shown in FIG. 6, which may result in the first
spatial state of the first video source 20 and the second spatial
state of the second video source 22 not being close relation-
ally.

[0072] The infrared detection system 40 may determine the
first spatial state of the first video source 20 and the second
spatial state of the second video source 22 by detecting the
light emitted from the first transmitter 36 and the second
transmitter 38, respectively. The infrared detection system 40
may also determine the intermediary reference related to the
position of the infrared detection system 40. The infrared
detection system 40 may then send the first spatial state, the
second spatial state, and the intermediary reference to the
controller 12. The controller 12 may receive the first spatial
state, the second spatial state, and the intermediary reference
and may compute the spatial relationship between the first
video source 20 and the second video source 22 using the
indirect computation and, therefrom, the Composite repre-
sentation 32. As discussed above, the composite representa-
tion 32 represents the spatial registration of the first real-time
dynamic video stream and the second real-time dynamic
video stream. The controller 12 may then generate the com-
posite real-time dynamic video stream from the composite
representation 32.

[0073] For purposes of the present invention, the controller
12 may be understood to comprise devices, components and
systems not shown in system 10" and system 10" in FIGS. 5
and 6. For example, the controller 12 may be understood to
comprise an ultrasound scanner, which may be a Sonosite
MicroMaxx, or similar scanner. Also, the controller 12 may
comprise a video capture board, which may be a Foresight
imaging Accustream 170, or similar board. An exemplary
video camera suitable for use in the system 10' and system 10"
of FIGS. 5 and 6 is the Stryker 988 that has a digital IEEE
1394 output, although other digital and analog cameras may
beused. The endoscope may be any single or dual optical path
laparoscope, or similar endoscope.

[0074] FIGS. 7A, 7B, and 70 are photographic representa-
tions illustrating a first frame 54 from the first real-time
dynamic video stream, a second frame 56 from the second
real-time dynamic video stream, and a composite frame 58 of
the composite real-time dynamic video stream generated
from the spatial registration of the first real-time dynamic
video stream and the second real-time dynamic video stream,
according to an embodiment of the present invention. FIGS.
7A, 7B, and 70 are provided to further illustrate an embodi-
ment of the present invention with reference to actual medical
modalities, and the manner in which the composite real-time
dynamic video stream based on multiple modalities may
appear to a surgeon viewing a display.

[0075] inFIG. 7A, the first real-time dynamic video stream
may be produced based on an endoscopic modality. In FIG.
7B, the second real-time dynamic video stream may be pro-
duced based on medical ultrasonographic modality. In FIG.
7A, the first real-time dynamic video stream shows the struc-
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ture 24 in the form of an organ of the human body being
contacted by an ultrasound transducer 44. FIG. 7B shows the
second real-time dynamic video stream is produced using the
ultrasound transducer 44 shown in FIG. 7A. In FIG. 7B the
region of interest 25, which appears as blood vessels within
the structure 24 is shown. In FIG. 70, the composite real-time
dynamic video stream generated shows the first real-time
dynamic video stream and the second real-time dynamic
video stream spatially registered. The second real-time
dynamic video stream is merged with the first real-time
dynamic video stream in appropriate alignment. As such the
second real-time dynamic video stream is displaced and ori-
ented in a manner as reflects the actual displacement and
orientation of the region of interest 26 within the structure 24.
In other words, the region of interest 26 is shown in the
composite real-time dynamic video stream as it would appear
if the surface of the structure 24 were cut away to make the
region of interest 26 visible.

[0076] FIG. 8 illustrates a diagrammatic representation of
what a controller 12 adapted to execute functioning and/or
processing described herein. In the exemplary form, the con-
troller may comprise a computer system 60, within which is a
set of Instructions for causing the controller 12 to perform any
one or more of the methodologies discussed herein. The con-
troller may be connected (e.g., networked) to other control-
lers or devices in a local area network (LAN), an intranet, an
extranet, or the Internet. The controller 12 may operate in a
client-server network environment, or as a peer controller in
a peer-to-peer (or distributed) network environment. While
only a single controller is illustrated, the controller 12 shall
also be taken to include any collection of controllers and/or
devices that individually or jointly execute a set (or multiple
sets) of instructions to perform any one or more of the meth-
odologies discussed herein. The controller 12 may be a server,
a personal computer, a mobile device, or any other device.
[0077] The exemplary computer system 60 includes a pro-
cessor 62, a main memory 64 (e.g., read-only memory
(ROM), flash memory, dynamic random access memory
(DRAM) such as synchronous DRAM (SDRAM) or Rambus
DRAM (RDRAM), etc.), and a static memory 66 (e.g., flash
memory, static random access memory (SRAM), etc.), which
may communicate with each other via abus 68. Alternatively,
the processor 62 may be connected to the main memory 64
and/or the static memory 66 directly or via some other con-
nectivity means.

[0078] The processor 62 represents one or more general-
purpose processing devices such as a microprocessor, central
processing unit, or the like. More particularly, the processing
device may be complex instruction set computing (CISC)
microprocessor, reduced instruction set computing (RISC)
microprocessor, very long instruction word (VLIW) micro-
processor, or processor implementing other Instruction sets,
or processors implementing a combination of instruction sets.
The processor 62 is configured to execute processing logic 70
for performing the operations and steps discussed herein.
[0079] The computer system 60 may further include a net-
work interlace device 72. It also may include an input means
74 to receive input (e.g., the first real-time dynamic video
stream, the second real-time dynamic video stream, the first
spatial state, the second spatial state, and the intermediary
reference) and selections to be communicated to the proces-
sor 62 when executing instructions. It also may include an
output means 76, inducting but not limited to the display 18
(e.g., ahead-mounted display, a liquid crystal display (LCD),
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or a cathode ray tube (CRT)), an alphanumeric input device
(e.g., a keyboard), and/or a cursor control device (e.g., a
mouse).

[0080] The computer system 60 may or may not include a
data storage device having a computer-readable medium 78
on which is stored one or more sets of instructions 80 (e.g.,
software) embodying any one or more of the methodologies
or functions described herein. The instructions 80 may also
reside, completely or at least partially, within the main
memory 64 and/or within the processor 62 during execution
thereof by the computer system 60, the main memory 64, and
the processor 62 also constituting computer-readable media.
The instructions 80 may further be transmitted or received
over a network via the network interface device 72.

[0081] While the computer-readable medium 78 is shown
in en exemplary embodiment to be a single medium, the term
“computer-readable medium” should be taken to include a
single medium or multiple media (e.g., a centralized or dis-
tributed database, and/or associated caches and servers) that
store the one or more sets of instructions. The term “com-
puter-readable medium” shall also be taken to include any
medium that is capable of storing, encoding, or carrying a set
of instructions for execution by the controller and that cause
the controller to perform any one or more of the methodolo-
gies of the present invention. The term “computer-readable
medium” shall accordingly be taken to include, but not be
limited to, solid-state memories, optical and magnetic media,
and carrier wave signals.

[0082] Those skilled in the art will recognize improve-
ments and modifications to the preferred embodiments of the
present invention. All such improvements and modifications
are considered within the scope of the concepts disclosed
herein and the claims that follow.

What is claimed is:

1. A method of medical procedure image guidance, com-
prising the steps of:

determining, at a computer system, first real-time, dynamic

medical imaging data based on a first spatial state of a
first medical device;

determining, at the computer system, second real-time,

dynamic medical imaging data based on a second spatial
state of a second medical device, wherein the second
medical device is separate from and distinct from the
first medical device;

spatially registering the first real-time, dynamic medical

imaging data and the second real-time, dynamic medical
imaging data; and

producing at the computer system, combined dynamic,

real-time image guidance data based on the first real-
time, dynamic medical imaging data and the second
real-time, dynamic medical imaging data; and the rela-
tive spatial states of the first real-time, dynamic medical
imaging data and the second real-time, dynamic medical
imaging data.

2. The method of claim 1, wherein the first medical device
is usable in a procedure selected from the group consisting of
laparoscopy, hysteroscopy, thoroscopy, arthoscopy, colonos-
copy, bronchoscopy, cycstoscopy, proctosigmoidoscopy,
esophagogastroduodenoscopy, and colposcopy.

3. The method of claim 1, wherein the first medical device
is usable in a procedure selected from the group consisting of
ultrasonography, magnetic resonance imaging, x-ray imag-
ing, computed tomography, and optical wavefront imaging.

Aug. 5,2010

4. The method of claim 1, the wherein first real-time,
dynamic medical imaging data comprises video.

5. The method of claim 1, wherein the first medical device
comprises a two-dimensional modality.

6. The method of claim 1, wherein, the first medical device
comprises a three-dimensional modality.

7. The method of claim 1, wherein the second medical
device comprises a two-dimensional modality.

8. The method of claim 1, wherein the second medical
device comprises a three-dimensional modality.

9. The system of claim 1, wherein the second device com-
prises an ablation needle.

10. A system for medical procedure image guidance, com-
prising:

an image guidance system, wherein the image guidance

system is configured to:

receive first real-time, dynamic medical imaging data

related to a first medical device;

receive second real-time, dynamic medical imaging data

related to a second medical device;

spatially register the first real-time, dynamic medical imag-

ing data and the second real-time, dynamic medical
imaging data, wherein the first real-time, dynamic medi-
cal imaging data and the second real-time, dynamic
medical imaging data relate to a region of interest an a
patient; and

generate a composite real-time dynamic image of the

region of interest based at least in part on the first real-
time, dynamic medical imaging data and the second
real-time, dynamic medical imaging data and the spatial
registration of the first real-time, dynamic medical imag-
ing data and the second real-time, dynamic medical
imaging data.

11. The system of claim 10, wherein the image guidance
system is configured to spatially register using information
other than anatomical characteristics.

12. The system of claim 10, wherein the image guidance
system is configured to spatially register using information
other than a reference coordinate system.

13. The method of claim 10, wherein the image guidance
system is configured to spatially register using information
other than the position of a subject of a medical procedure.

14. The system of claim 10, wherein the first real-time,
dynamic medical imaging data is associated with a first spa-
tial state, and the second real-time, dynamic medical imaging
data is associated with a second spatial state.

15. The system of claim 14, wherein the image guidance
system is configured to spatially register using the first spatial
state and the second spatial state.

16. The system of claim 10, wherein the first medical
device comprises a plurality of first modalities.

17. The system of claim 10, wherein the second medical
device comprises a plurality of second modalities.

18. The system of claim 10, wherein the first medical
device is usable in a procedure selected from the group con-
sisting of ultrasonography, magnetic resonance imaging,
x-ray imaging, computed tomography, and optical wavefront
imaging.

19. The system of claim 10, wherein the first medical
device is usable in a procedure selected from the group con-
sisting of laparoscopy, hysteroscopy, thoroscopy, arthoscopy,
colonoscopy, bronchoscopy, cycstoscopy, proctosigmoidos-
copy, esophagogastroduodenoscopy, and colposcopy.
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20. A computer-readable medium for medical procedure spatially registering the first real-time, dynamic medical
image guidance, said computer-readable medium containing imaging data and the second real-time, dynamic medical
instructions, said instructions operable to execute on a com- imaging data; and
puter system, said instructions when executing on said com- producing combined dynamic, real-time image guidance
puter system performing a method comprising: data based on the first real-time, dynamic medical imag-
determining first real-time, dynamic medical imaging data ing data and the second real-time, dynamic medical
based on a first spatial state of a first medical device; imaging data; and the relative spatial states of the first
determining second real-time, dynamic medical imaging real-time, dynamic medical imaging data and the second
data based on a second spatial state of a second medical real-time, dynamic medical imaging data.

device, wherein the second medical device is separate
from and distinct from the first medical device; Bk kR %
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